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1 INTRODUCTION AND RESEARCH HYPOTHESIS (UVOD IN 

PREDSTAVITEV HIPOTEZ) 

1.1 INTRODUCTION AND DEFINITION OF A SCIENTIFIC PROBLEM 

Molecular oxygen (O2) is essential molecule that serves as a key substrate in cellular 

metabolism and bioenergetics as an electron acceptor in many organic and inorganic 

reactions. In a variety of physiological and pathological states organism encounters 

insufficient O2 availability or hypoxia. Hypoxia, defined as reduced O2 levels, occurs in 

a variety of pathological conditions including stroke, tissue ischemia, inflammation, and 

the growth of solid tumors (Bertout et al., 2008). Until few years ago, most mapping 

projects have focused only on protein coding sequences, which represent only 1-2% of a 

whole human genome. Recently more attention is given to noncoding regions of the 

genome previously known as “junk” DNA. These regions were later named noncoding 

RNA molecules (ncRNA), in group of which microRNAs (miRNAs) are the most 

known member of the family involved in a large number of cellular processes, including 

tumor formation.  

 

In mammal cells primary response to low O2 conditions (hypoxia) is made rapidly 

through adaptation to conditions they are being captured. In hypoxic cells important 

responses are activated for metabolic, bioenergetics, and redox demands (reviewed in 

(Majmundar et al., 2010)). Primary transcriptional response to hypoxia is mediated by 

the hypoxia-inducible factors (HIFs). Protein HIF is known as pivotal regulator under 

hypoxia stress and beside his adaptive response in cellular stress, it carries important 

roles in physiological and pathological processes (Majmundar et al., 2010; Semenza, 

2003). It is a heterodimer consisted from an O2-sensitive (alpha, A) and an O2-stable 

(beta, B) subunit (Wang and Semenza, 1993). In mammals three different HIFA 

isoforms are present, among which HIF1A is expressed ubiquitously meanwhile HIF2A 

and HIF3A expression vary depending on type of tissue cells (Bertout et al., 2008). The 

life cycle of HIF is well studied, dynamic and by now quite well understood process 

(Wang et al., 1995). In normally oxidized conditions (normoxia) alpha-subunits are 

hydroxylated at conserved proline residues (p.Pro402 and p.Pro564) (Ivan et al., 2001) 

by O2 regulated prolyl hydroxylase domain-containing enzymes (EGLN1, 2, 3 or 

PHD1, 2, 3) (Chan et al., 2005; Kaelin and Ratcliffe, 2008; Wang et al., 1995). Marked 

HIFA-subunits are consequentially recognized by E3 ubiquitin ligase from the von 

Hippel-Lindau protein complex (pVHL) for proteasomal degradation (Majmundar et al., 

2010; Wang et al., 1995). The VHL protein can target the N-terminal transactivation 

domain (N-TAD) within the O2-dependent degradation domain (ODD domain), which 

controls HIF1A degradation by ubiquitin-proteasome pathway and consists of 

approximately 200 amino acid residues (Huang et al., 1998). The removal of ODD 

domain renders HIF1A stability even under normoxic conditions, consequentially 
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resulting in autonomous HIF1A heterodimerisation, DNA binding, and transactivation 

independently from hypoxic signaling (Huang et al., 1998). 

 

The HIF1A mediates transcriptional responses to hypoxia for a high number of genes to 

control cellular O2 supply and maintain cell viability during periods of low O2 

concentration (Keith et al., 2012; Vilela et al., 2008; Wang et al., 1995; Wenger et al., 

2005). Role of HIF1A is reported in metabolism and redox homeostasis (glucose 

catabolism, function in metabolism, regulation of lipid metabolism), in vascular 

responses in hypoxia (ischemia-induced angiogenesis, endothelial cells), in cancer 

(tumorigenesis, metastasis, tumor angiogenesis, cancer stem cells, regulation by cancer 

metabolism), in inflammation (regulation in inflammatory cells, myeloid cell function, 

tumor-associated macrophages), and also as part of systemic response to hypoxia 

(reviewed in (Majmundar et al., 2010)). To gain insight into the molecular pathways 

regulated by HIF1, it is essential to identify downstream-target genes.  

 

To date HIF1 was confirmed as a master regulator of hundreds of genes, including a 

panel of miRNAs. The link between hypoxia and miRNA expression (hypoxia-

regulated miRNAs (HRMs); for example miR-23a and miR-23b (Kulshreshtha et al., 

2007)) was first described by Kulshreshtha et al. (2007) and a subgroup of them were 

suggested to play a role in cell survival in a low O2 environment (Crosby et al., 2009a; 

Devlin et al., 2011; Kulshreshtha et al., 2008; Kulshreshtha et al., 2007). Besides, some 

miRNAs were found to target HIF1A and therefore regulate its expression; miR-20b 

(Cascio et al., 2010; Lei et al., 2009), miR-199a (Rane et al., 2009; Rane et al., 2010), 

cluster miR-17-92 (Taguchi et al., 2008; Yan et al., 2009), miR-519c (Cha et al., 2010), 

and miR-155 (Bruning et al., 2011) (reviewed in (Shen et al., 2013)). Therefore, 

identification of upstream HIF1A regulators and its downstream targets are essential for 

understanding complete HIF1A regulatory network. Several studies identified HIF1 

targets based on response to hypoxia and the presence of conserved HIF1 binding sites 

within target genes proximal promoters, named hypoxia response elements (HRE). 

Benita et al. (2009) performed pathway enrichment analysis using known and predicted 

HIF1A targets and discovered that HIF1A modulates metabolic pathways, bioenergetics 

and processes relevant to cancer onset and progression. Some TFs, such as TWIST1 

(Yang et al., 2008) and GATA1 (Zhang et al., 2012) have been shown to be regulated by 

HIF1A, whereas also HIF1A mRNA expression can be regulated by other TFs, like SP1 

(Minet et al., 1999), NFKB1/RELA (Belaiba et al., 2007) and EGR1 (Sperandio et al., 

2009). For HIF1A it is known to carry an important character in diseases and phenotype 

outcomes (Majmundar et al., 2010; Semenza, 2003). Current knowledge about HIF1A is 

fragmented among numerous publications; therefore to construct an Atlas of HIF1A 

gene regulatory network it is important to summarize the current knowledge and to 

facilitate novel discoveries about its regulation. Moreover, the understanding how the 

expression of TF HIF1A is controlled is essential for reconstructing gene regulatory 

networks.  
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Hypoxia is known as one of the classic features of the neoplastic microenvironment and 

is causally associated with resistance to conventional anticancer therapy (Harris, 2002). 

As mentioned under hypoxic conditions, cells undergo a complex adaptive process 

involving genes regulating angiogenesis, cell invasion, metabolism, and survival 

pathways. Novel insights into the pathways regulated by low O2 concentration have 

shown that in addition to protein-encoding genes, the noncoding transcriptome is also 

affected by hypoxia. Some studies previously reported that hypoxia regulates specific 

miRNAs, which in turn regulate signals of relevance for tumor biology (Chan et al., 

2009; Devlin et al., 2011; Favaro et al., 2010; Kulshreshtha et al., 2007), including 

angiogenesis, cell cycle, DNA repair, and energy metabolism (Devlin et al., 2011; 

Huang et al., 2010).  

 

During the past few years, it has become clear that long ncRNAs (>200 base pairs (bp)), 

also participate in complex genetic events in eukaryotes (reviewed in (Mattick, 2009)). 

Currently the knowledge about miRNAs is in great advantage compared to other groups 

of ncRNA. Significant progress has also been made towards understanding the 

mechanisms of gene regulation by miRNAs, but much less is known about other 

ncRNA mechanism. Beside that their role is not explored and there is still not known 

which environmental factors influence on their expression.  

 

One intriguing family of long ncRNAs (Calin et al., 2007) is transcribed from regions, 

which are absolutely conserved (100% identity with no insertions or deletions) between 

orthologous regions of the human, rat, and mouse genomes (Bejerano et al., 2004a; 

Bejerano et al., 2004b). Therefore, these 481 segments of variable length (from 200 to 

779 bp) were termed “transcribed-ultraconserved regions” (T-UCRs) or ultraconserved 

genes (UCGs) (Calin et al., 2007). Their striking evolutionary retention strongly 

suggests profound biological roles in a wide variety of physiologic responses. Recent 

studies have identified alterations in T-UCR-expression patterns that are associated with 

specific tumor phenotypes, pointing towards a mechanistic involvement of T-UCRs in 

cancer development. In particular, alterations in T-UCR expression have been described 

in adult chronic lymphocytic leukemia (CLL), colorectal cancer (CRC) (Calin et al., 

2007), hepatocellular carcinomas (Braconi et al., 2011; Calin et al., 2007), and 

neuroblastomas (Mestdagh et al., 2010; Scaruffi et al., 2010). In the human genome, T-

UCRs are often found to overlap with exons of genes involved in RNA splicing or are 

located within host gene introns or in close proximity to genes, that are involved in 

transcription and development regulation (Bejerano et al., 2006; Bejerano et al., 2004b). 

While ultraconserved sequences appear to act as tissue-specific regulators of gene 

expression during development (Bejerano et al., 2004b; Mattick, 2009; Pennacchio et 

al., 2006), very little is currently known about the mechanisms underlying the cancer-

associated profile alterations of the T-UCR. To address this limitation, we hypothesized 

that decreased oxygenation contributes to the deregulation of specific T-UCRs in 
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cancer, pursuing a similar approach to previously published work on hypoxia-regulated 

miRNAs (Kulshreshtha et al., 2007).  

1.2 PURPOSE OF THE STUDY  

 To develop a central Atlas of HIF1A gene regulatory network consisting of 

transcriptional, post-transcriptional regulators, and its downstream targets.  

 To discover possible functional association between hypoxia and transcribed-

ultraconserved regions of the genome. We wanted to analyze the role of T-UCRs 

in cell adaptation under hypoxic environment and their function in overall 

survival of a cancer cell. 

 

1.3 RESEARCH HYPOTHESES 

Our hypotheses were: 

 Hypoxia alters expression of transcribed ultraconserved regions (UCR).  

 Transcription factor HIF directly regulates expression of UCR. 

 Hypoxia affects UCR expression through HIF as a mediator and effects cancer 

cell proliferation.  

 Silencing of overexpressed UCR in hypoxia represses cancer cell line 

proliferation.  
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1.4 UVOD IN OPREDELITEV ZNANSTVENEGA PROBLEMA 

Molekularni kisik (O2) je nujna komponenta aerobnega metabolizma, saj se z njim 

vzdržuje znotrajcelična bioenergetika in kot sprejemnik elektronov služi pri številnih 

organskih ter anorganskih reakcijah. Hipoksija, definirana kot zmanjšana vsebnost O2, 

je prisotna pri številnih patofizioloških pogojih vključno s kapjo, tkivno ishemijo, 

vnetjem in rastjo čvrstih tumorjev (Bertout in sod., 2008). Še do pred nekaj leti so se pri 

raziskavah genoma človeka osredotočali večinoma na protein-kodirajoče regije, ki 

predstavljajo 1-2% celotnega genoma. V zadnjem času večjo pozornost namenjajo tudi 

nekodirajočim regijam genoma, ki ne nosijo zapisa za proteine in so bile v preteklosti 

obravnavane kot odvečna DNA genoma. Te regije se imenujejo nekodirajoče molekule 

RNA (nkRNA, angl. noncoding RNA; ncRNA), kamor uvrščamo tudi do sedaj najbolj 

poznane in preučene mikro RNA (angl. microRNA; miRNA).  

 

V celicah sesalcev je primaren odziv na nizko vsebnost O2 hiter, saj se morajo le-te 

čimhitreje prilagoditi danim pogojem. V hipoksičnih celicah se zato aktivirajo signali 

potrebni za zagotovitev metabolnih, bioenergetskih in redoks potreb celice (pregled v 

Majmundar in sod., 2010). Primarni odzivi se sprožijo tudi s transkripcijskimi dejavniki 

HIF (angl. hypoxia-inducible factor), ki šele v okolju z znižano vsebnostjo O2 postanejo 

aktivni. Proteini HIF so znani osrednji regulatorji hipoksije in imajo poleg vpliva na 

odziv ter prilagoditev celice okolju tudi vlogo pri raznih fizioloških in patoloških 

procesih celice (Majmundar in sod., 2010; Semenza, 2003). Protein HIF je heterodimer 

sestavljeni iz na O2-občutljive (alfa, A) in -neobčutljive enote (beta, B) (Wang in 

Semenza, 1993). V celicah sesalcev so znane tri različne izooblike proteina HIF-A, med 

katerimi je HIF1A izražen konstantno, medtem ko je prisotnost HIF2A in HIF3A 

proteinov odvisna od vrste tkivnih celic (Bertout in sod., 2008). Do danes je bilo že 

veliko preučenega o dinamiki uravnavanja proteinov HIF (Wang in sod., 1995). Splošno 

znano je, da so v okolju z normalno vsebnostjo O2 (normoksija) HIF-A podenote 

proteina na ohranjenih prolinskih regijah (p.Pro402 in p.Pro564) (Ivan in sod., 2001) 

hidroksilirane s prolil hidroksilazami, encimi odvisni od O2 (EGLN1, 2, 3 ali PHD1, 2, 

3) (Chan in sod., 2005; Kaelin in Ratcliffe, 2008; Wang in sod., 1995). Tako označene 

podenote HIF-A prepozna E3 ubikvitin ligaza, ki je del proteinskega kompleksa von 

Hippel-Lindau (pVHL) nujnega za razgradnjo proteinov (Majmundar in sod., 2010; 

Wang in sod., 1995). Protein VHL prepozna N-terminalno domeno (N-TAD regija; 

angl. N-terminal activation domain) znotraj na O2 občutljive domene, ki uravnava 

obstoj proteina HIF-A (ODD domena; angl. oxygen-dependent degradation domain). 

Domena ODD obsega 200 amino kislin in v normoksiji uravnava razgradnjo HIF1A 

preko ubikvitin-proteasomske poti (Huang in sod., 1998). Odstanitev domene ODD 

omogoča stabilnost HIF1A tudi v prisotnosti O2 in posledično nemoteno 

heterodimerizacijo HIF1A s HIF1B, sledi vezava dimera na specifična DNA vezavna 

mesta in prepisovanje genov neodvisno od okolja hipoksije (Huang in sod., 1998). 
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V hipoksiji HIF1A uravnava prepisovanje velikega števila genov, ki omogočajo nadzor 

zaloge O2 v celici in vzdržujejo njeno viabilnost v času nizke vsebnosti O2 (Keith in 

sod., 2012; Vilela in sod., 2008; Wang in sod., 1995; Wenger in sod., 2005). Do sedaj je 

bila vloga HIF1A že omenjena pri uravnavanju metabolnih in redoks procesov 

(razgradnja glukoze, vloga pri metabolizmu vključno z metabolizmom lipidov), pri 

odzivu ožilja v hipoksiji (angiogeneza zaradi pomanjkanja dotoka krvi (ishemija)), pri 

raku (tumorigeneza, metastaziranje, angiogeneza tumorjev, zarodne celice raka, 

regulacija metabolizma raka), pri vnetnih procesih (regulacija vnetnih celic, funkcija 

mieloidnih celic in s tumorji povezanimi makrofagi) in poleg tega pri sistemskem 

odzivu na hipoksijo (pregled Majmundar in sod., 2010). Za celoten pregled v katere vse 

molekularne poti je vpleten HIF1, je potrebno zbrati vse njegove eksperimentalno 

dokazane tarče. Protein HIF1 je že dokazan regulator več sto genov, vključno z nekaj 

miRNA.  

 

Povezava med okoljem hipoksije in miRNA (HRM; angl. hypoxia-regulated miRNA) je 

bila prvič predstavljena v raziskavi Kulshreshtha in sod. (2007), ki so tudi predpostavili, 

da imajo nekatere med njimi verjetno ključno vlogo pri preživetju celic v hipoksičnem 

okolju (Crosby in sod., 2009; Devlin in sod., 2011; Kulshreshtha in sod., 2008; 

Kulshreshtha in sod., 2007). Kljub temu, da je HIF1A dokazan regulator nekaterih 

miRNA, je bilo tudi za določene miRNA ugotovljeno, da kot svojo tarčo prepoznajo 

gen HIF1A. Poznanih je pet miRNA, ki z vezavo v območje 3’-UTR gena HIF1A, 

povzročijo njegovo destabilizacijo in razgradnjo: miR-20b (Cascio in sod., 2010; Lei in 

sod., 2009), miR-199a (Rane in sod., 2009; Rane in sod., 2010), gruča miR-17-92 

(Taguchi in sod., 2008; Yan in sod., 2009), miR-519c (Cha in sod., 2010) in miR-155 

(Bruning in sod., 2011). Zato je za čimboljši pregled regulatorne mreže gena HIF1A 

potrebno poleg njegovih tarč določiti tudi vse njegove regulatorje.  

 

V številnih študijah so nove HIF1A tarče določili na podlagi izražanja genov v hipoksiji 

in iskanju ohranjenih vezavnih mest za HIF1A (HRE; angl. hypoxia-response element) 

znotraj promotorjev teh genov. Benita in sod. (2009) so z bioinformacijsko analizo 

preverili vpletenost znanih in predvidenih tarč HIF1A v biološke boti in prišli do 

zaključka, da HIF1A vpliva na številne metabolne poti, bioenergetiko celice in procese 

potrebne za razvoj in napredek raka pri človeku. Dokazano je bilo, da je izražanje 

nekaterih transkripcijskih dejavnikov, kot sta na primer TWIST1 (Yang in sod., 2008) in 

GATA1 (Zhang in sod., 2012), uravnavano s HIF1A, vendar je tudi HIF1A lahko tarča 

drugih transkripcijskih dejavnikov, kar je dokazano za SP1 (Minet in sod., 1999), 

NFKB1/RELA (Belaiba in sod., 2007) in EGR1 (Sperandio in sod., 2009). Veliko je 

znanega o vlogi HIF1A pri nastanku bolezni in številnih fenotipov (Majmundar in sod., 

2010; Semenza, 2003), vendar je celostno znanje o HIF1A precej razpršeno med 

številnimi publikacijami. Za izdelavo Atlasa regulatorne mreže gena HIF1A je nujno 

zbrati vse pomembne informacije na enem mestu, jih urediti ter iz njih potegniti nove 

ugotovitve ključne za uravnavanje njegovega izražanja.  
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Hipoksija je pogosta karakteristika tumorjev in je bila do sedaj že velikokrat razlog za 

neuspešno zdravljenje raka (Harris, 2002). Kot že omenjeno, se celice hipoksiji 

prilagodijo z aktivacijo genov, potrebnih za angiogenezo, invazijo celic, metabolizem in 

signalne poti nujne za preživetje celic. Izsledki raziskav so pokazali, da se poleg 

protein-kodirajočih genov v hipoksičnem okolju celice spremeni tudi raven izražanja 

nekodirajoči prepisov. V dosedanjih študijah je bilo ugotovljeno tudi, da hipoksija 

uravnava izražanje miRNA, ki nato posredno vplivajo na signale pomembne za 

biologijo tumorskih celic (Chan in sod., 2009; Devlin in sod., 2011; Favaro in sod., 

2010; Kulshreshtha in sod., 2007), vključno z vplivom na angiogenezo, cikel celice, 

popravljanje DNA in energijski metabolizem (Devlin in sod., 2011; Huang in sod., 

2010). 

 

V preteklih letih je postalo vse bolj jasno, da h kompleksnim genetskim procesom 

evkariotov poleg miRNA prispevajo tudi daljše (več kot 200 bp) nkRNA (pregled 

Mattick, 2009). Medtem ko je bil pri raziskovanju vloge in mehanizma uravnavanja 

izražanja z miRNA narejen velik napredek, je poznavanje vloge in mehanizma vpliva 

drugih nkRNA še precej omejeno. Poleg tega, da ni poznana natančna vloga drugih 

nkRNA v procesih celice, je potrebno dognati tudi, kateri okoljski dejavniki imajo vpliv 

na njihovo izražanje. 

 

Zanimiva skupina dolgih nkRNA molekul so regije, ki so 100% identične med 

ortolognimi regijami genoma človeka, podgane in miši (Bejerano in sod., 2004a; 

Bejerano in sod., 2004b, Calin in sod., 2007). Gre za 481 zelo ohranjenih elementov 

genoma variabilnih dolžin (od 200 do 779 nukleotidov), po katerih se imenujejo prepisi 

zelo ohranjenih regij (T-UCR; angl. transcribed-ultraconserved regions) ali zelo 

ohranjeni geni (UCGs; angl. ultraconserved genes) (Calin in sod., 2007). Njihova 

presenetljivo visoka raven ohranjenosti nakazuje na pomembno biološko vlogo pri 

različnih odzivih celice. Spremenjeno izražanje T-UCR je bilo do sedaj že povezano s 

specifičnim fenotipom tumorjev predvsem vpletenost v razvoj raka. Vloga 

spremenjenega izražanja T-UCR je bila opisana pri kronični limfocitni levkemiji 

odraslih (CLL; angl. chronic lymphocytic leukemia), raku debelega črevesja in danke 

(CRC; angl. colorectal cancer) (Calin in sod., 2007), pri hepatocelularnem karcinomu 

(Braconi in sod., 2011; Calin in sod., 2007) in neuroblastomu (Mestdagh in sod., 2010; 

Scaruffi in sod., 2010). V genomu človeka se lokacije T-UCR pogosto prekrivajo z 

eksoni genov, vpletenih v izrezovanje intronov RNA, ali pa so prisotne v intronih 

gostiteljskih genov oziroma v bližini genov, ki so vpleteni v uravnavanje prepisovanja 

genov in razvoj organizma (Bejerano in sod., 2006; Bejerano in sod., 2004b). Kljub 

očitni tkivno-specifični vlogi UCR pri uravnavanju izražanja genov potrebnih za razvoj 

organizma (Bejerano in sod., 2004b; Mattick, 2009; Pennacchio in sod., 2006), je njihov 

mehanizem, ki privede do spremenjenega izražanja T-UCR, še nerazjasnjen. Da bi vsaj 

deloma razjasnili ta mehanizem, smo predpostavili, da ima zmanjšana vsebnost O2 v 
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rakavi celici vpliv na specifično izražanje T-UCR. Preučevanje tega mehanizma smo se 

lotili na način, predhodno opisan pri preučevanju miRNA v hipoksiji (Kulshreshtha in 

sod., 2007).  

1.5 NAMEN DELA 

 Izdelati Atlas regulatorne mreže transkripcijskega dejavnika HIF1A, ki bo 

vseboval njegove regulatorje izražanja na ravni prepisovanja in po njem, in bo 

vključeval do sedaj znane tarče tega transkripcijskega dejavnika.  

 Ugotoviti funkcijsko povezavo med okoljem hipoksije in zelo ohranjenimi 

regijami genoma. Želeli smo ugotoviti vlogo T-UCR pri prilagoditvi celic na 

hipoksično okolje in način kako le-ta omogoča delovanje in preživetje rakave 

celice. 

 

1.6 RAZISKOVALNE HIPOTEZE 

V okviru raziskave bomo preizkusili naslednje hipoteze: 

 Hipoksija vpliva na spremenjeno izražanje zelo ohranjenih regij (UCR). 

 Transkripcijski dejavnik HIF neposredno uravnava izražanje UCR-jev. 

 Hipoksija preko transkripcijskega dejavnika HIF vpliva na spremenjeno 

izražanje UCR-jev, kar se odraža v proliferaciji celičnih linij raka. 

 Utišanje prekomernega izražanja UCR v hipoksičnem okolju zavira proliferacijo 

celičnih linij raka. 
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2 LITERATURE REVIEW 

2.1 HYPOXIA AND CANCER 

Cancer is a generic term for a large group of diseases that can affect any part of the 

body. Other terms used are malignant tumors and neoplasms. There are over 100 

different types of cancer, and each is classified by the type of cell that is initially 

affected. One defining feature of cancer is the rapid creation of abnormal cells that grow 

beyond their usual boundaries, and which can then invade adjoining parts of the body 

and spread to other organs. Tumors can grow and interfere with the digestive, nervous, 

and circulatory systems and they can release hormones that alter body function.  

 

Tumors that stay in one spot and demonstrate limited growth are generally considered to 

be benign. More dangerous, or malignant, tumors form when two things occur: 1) a 

cancerous cell manages to move throughout the body using the blood or lymph systems, 

destroying healthy tissue in a process called invasion; 2) that cell manages to divide and 

grow, making new blood vessels to feed itself in a process called angiogenesis. When a 

tumor successfully spreads to other parts of the body and grows, invading and 

destroying other healthy tissues, it is said to have metastasized. This process itself is 

called metastasis, and the result is a serious condition that is very difficult to treat. 

Cancer arises from one single cell, but the transformation from a normal cell into a 

tumor cell is a multistage process, typically a progression from a pre-cancerous lesion to 

malignant tumors. These changes are the result of the interaction between a person's 

genetic factors and external agents/environment. 

 

The paradigm that cancer is a cellular disease that is defined only by events within the 

genomes of cancer cells has given way in recent years to one in which cancer is viewed 

as an ecological disease involving a dynamic interplay between malignant and non-

malignant cells. This shift redirects attention to the tumor microenvironment, which 

encompasses signals, proteins and cells (immune cells, fibroblasts) present in the tumor 

mass that are necessary for tumor growth and progression (Barcellos-Hoff et al., 2013). 

Therefore, mutations in cancer cells alone are not able to induce tumor growth, so active 

changes in the surrounding tissue cells must be essential for the clinical development of 

cancer (Barcellos-Hoff et al., 2013). Consistent with this idea, the initiation of 

tumorigenesis by the expression of an oncogene or deletion of tumor suppressor genes 

in mouse tissue is remarkably inefficient at generating cancers (Barcellos-Hoff et al., 

2013). Oncogenic changes in tumor cells can moderate angiogenesis and so influence 

the maturation of the cancer niche into the tumor microenvironment. Just the ability of 

the tumor to generate pre-metastatic niche is likely to be a major factor that determines 

metastatic spread (Psaila and Lyden, 2009). It is speculated that niche-forming 

interactions affect which transformed cells survive, expand and progress to clinical 
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disease, and thus determine cancer incidence (Barcellos-Hoff et al., 2013). The multiple 

cellular candidates that might establish a cancer niche early in cancerogenesis all serve 

the same purpose: to provide a suitable environment for survival of the cancer cells 

(Barcellos-Hoff et al., 2013). 

 

Hypoxia as an environmental factor is usually defined as lower than 2% O2 level, while 

severe hypoxia (or anoxia) is defined as lower than 0.02% O2 level. However in most 

mammalian tissue level of O2 ranges from 2-9% (40 mm Hg), meanwhile ambient air 

contains 21% of O2 (150 mm Hg). The beginnings of hypoxia research in tumor biology 

can be tracked back to observations made in the early 20
th

 century by Otto Warburg, 

who demonstrated that, unlike normal cells, tumor cells favor glycolysis independent of 

cellular oxygenation levels (Warburg, 1956). There is number of other molecular 

mechanisms promoting “aerobic glycolysis” already proposed, including mutations and 

epigenetic mechanisms in genes encoding tumor suppressors, activation of oncogenes, 

and hypoxic adaptations (Denko, 2008). It is still unclear how this “aerobic glycolysis” 

offers tumor cells a growth advantage. New data suggests that this metabolic switch 

may provide benefit to the tumor by decreasing mitochondrial activity and not by 

increasing glycolysis (Denko, 2008).  

 

Hypoxia has been already known as an essential feature of the neoplastic 

microenvironment (Harris, 2002). When tumors’ diameters are longer than 2–3 mm, the 

center of the tumor’s microenvironment will become hypoxic (Folkman et al., 1971). 

Tumor vascularization supplies nutrition and O2 to proliferating cells, that is why 

cellular adaptation to hypoxia strongly correlates with the risk of cancer cell invasion 

and metastasis (Dang and Semenza, 1999). Consequentially cells in hypoxic conditions 

continue to proliferate in decreased O2 level, but the environment forces them to alter 

transcription and translation of genes involved in angiogenesis, cell invasion, cell 

metabolism, and cell survival. Tumors with an extensive low O2 environment are also 

more invasive and resistant to conventional therapy (Harris, 2002). Uncontrolled 

proliferation of cancer cells often results in hypoxia in cancer cell masses, and indeed 

up to 50–60% of solid cancers contain hypoxic tissue areas (Rankin and Giaccia, 2008). 

As a result, HIF1A is over-expressed in a majority of human cancers and for some of 

them an indicator of unfavorable prognosis (Birner et al., 2000; Osada et al., 2007; Park 

et al., 2009; Schindl et al., 2002; Shibaji et al., 2003; Talks et al., 2000). 

 

A near-universal property of primary and metastatic cancers is upregulation of 

glycolysis, resulting in increased glucose consumption, which can be observed with 

clinical tumor imaging. Upregulation of glycolysis leads to microenvironmental 

acidosis requiring evolution of phenotypes resistant to acid-induced cell toxicity. 

Subsequent cell populations with upregulated glycolysis and acid resistance have a 

powerful growth advantage, which promotes unconstrained proliferation and invasion 

(Gatenby and Gillies, 2004). Hypoxia research has in the past century provided 
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significant advancement in our understanding of the molecular pathways responsible to 

give tumor cells growth advantage. Better understanding and further knowledge of these 

mechanisms will contribute to development of new strategies in systemic cancer 

therapies. Hypoxia induced factor 1 (HIF1) has been as transcription factor (TF) 

implicated in regulating many of genes that are responsible for metabolic difference. 

Tumors derived from cells lacking HIF1A or HIF1B show significantly reduced 

vascularization and growth rates compared to parental cells (Kung et al., 2000; Ryan et 

al., 2000). 

2.2 HIF 

Hypoxia-inducible factors (HIFs) belong to a family of environmental sensors known as 

bHLH–PAS (basic helix-loop-helix–Per-Arnt-Sim) transcription factors (Gu et al., 

2000), which regulate diverse biological processes. The HIF1 heterodimer consists of an 

alpha-subunit (HIF1A) and a beta-subunit (HIF1B; also known as the aryl hydrocarbon 

receptor nuclear translocator (ARNT)). Both HIF1A and ARNT are bHLH–PAS 

transcription factors that contain two PAS domains of 100–120 amino acids, designated 

PAS‑A and PAS‑B, which are necessary for heterodimerization and DNA binding 

(Simon and Keith, 2008) (Figure 1) and two transactivation domains (N-terminal 

transactivation domain or N-TAD and C-terminal transactivation domain or C-TAD) 

(Kaelin and Ratcliffe, 2008). A bHLH domain is a conserved DNA binding domain 

found in a number of transcription factors, while PAS is a protein–protein dimerization 

domain that is related to the conserved signal sensing protein motifs in the Drosophila 

melanogaster period (PER), the mammalian aryl hydrocarbon receptor nuclear 

translocator (ARNT) and D. melanogaster single-minded (SIM) proteins (Keith et al., 

2012). PAS domains play important roles as sensory modules for O2 tension, redox 

potential or light intensity. In response to stimuli, the domain either mediates protein-

protein interactions or binds co-factors within their hydrophobic cores to regulate 

protein-protein interactions. In response to hypoxic conditions, the PAS-B domain of 

HIF-A heterodimerizes with PAS-B of ARNT that is involved in transcriptional 

activation (Figure 2). 

 
Figure legend: bHLH, basic helix-loop-helix; PAS, PER-ARNT-SIM; TAD, transactivation domain; 

ODD, O2-dependent domain. 

Figure 1: Subunits of HIF proteins (Simon and Keith, 2008) 

Slika 1: Podenote proteinov HIF (Simon in Keith, 2008) 
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Figure legend: HRE, hypoxia response element; bHLH, basic helix-loop-helix; PAS, Per-Arnt-Sim;TAD, 

transactivation domain. 

Figure 2: HIF1A transcriptional activation of its target genes (Simon and Keith, 2008) 

Slika 2: Aktivacija prepisovanja tarčnih genov proteina HIF1A (Simon in Keith, 2008) 

 

Semenza and colleagues first described HIF1A in 1995, when it was shown to have a 

central role as a mediator of O2-dependent transcriptional responses in hypoxia (Wang 

et al., 1995). In 1997, the identification by independent groups of HIF2A − which was 

initially called endothelial PAS protein 1 (EPAS1) (Tian et al., 1997), HIF-related factor 

(HRF) (Flamme et al., 1997), HIF1A-like factor (HLF) (Ema et al., 1997) or member of 

PAS family 2 (MOP2) (Hogenesch et al., 1997) − indicated that HIF regulation was 

more complex. In mammals, three genes have been shown to encode HIF-A subunits 

that appeared to be similarly regulated by O2 availability; however HIF1A and HIF2A 

appeared to be most extensively characterized. HIF1A is expressed ubiquitously, 

whereas HIF2A and HIF3A are found in a subset of tissues (Simon and Keith, 2008). 

Both, HIF1A and HIF2A, binds DNA at specific locations termed HREs containing the 

core sequence 5'-G/ACGTG-3', and upregulates gene expression of their target genes. 

By contrast, HIF3A acts as a dominant negative regulator of HIF1A and HIF2A-

mediated transcription.  

 

Unlike the HIF-A proteins, HIF-B is constitutively expressed and insensitive to changes 

in O2 levels (Bertout et al., 2008). However, HIF-A genes are transcribed and translated 

at a high rate, but HIF-A proteins are rapidly degraded in the presence of sufficient O2 

levels. Under normoxic conditions, HIF-A subunit stability is largely regulated through 

the region of 200 amino acids (aa), characterized as ODD domain (403–602 aa, Figure 

1) (Huang et al., 1998). In cells with normal O2 level (normoxia) HIF1A stability is 

regulated through prolyl- and asparaginyl-hydroxylases. Within ODD domain HIF-A is 

hydroxylated on two conserved proline residues, p.Pro402 and p.Pro564 (Ivan et al., 

2001; Jaakkola et al., 2001; Masson et al., 2001; Yu et al., 2001), by a family of three 

HIF-specific prolyl hydroxylases: PHD1, PHD2 and PHD3 (EGLN1, 2, 3) (Figure 3) 

(Bruick and McKnight, 2001; Ivan et al., 2002; Percy et al., 2003; Semenza, 2007b). 

Hydroxylated HIF-A proteins are recognized by the pVHL tumor suppressor gene 

product (a component of a multisubunit ubiquitin-ligase complex), then covalently 
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tagged with polyubiquitin and subsequently degraded by the 26S proteasome (Kallio et 

al., 1999; Schofield and Ratcliffe, 2004). Asparaginyl-hydroxylases (HIF1AN or FIH1) 

hydroxylate HIF1A at asparagine residue (p.Asn803) in the C-TAD and thus prevents 

interaction of HIF1 with transcriptional co-activators, which inhibits HIF1 

transcriptional activity. In cells with low O2 level (hypoxia) all these processes are 

inhibited and HIF1A subunit is stabilized, co-factor recruitments is enabled and HIF1A 

downstream target genes are transcribed (Bertout et al., 2008). 

 

 
Figure legend: EGLN1-3, egl nine homolog 1-3; HIF1AN, HIF1A subunit inhibitor; ARNT, aryl 

hydrocarbon receptor nuclear translocator; EP300, E1A binding protein p300; JUN, jun proto-oncogene; 

CREB1, cAMP responsive element binding protein 1; CBP, CREB binding protein; HRE, hypoxia 

response element. 

Figure 3: HIF1A post-translational regulation depending on the level of O2. Figure was modified 

according to (Bertout et al., 2008) 

Slika 3: Potranslacijsko uravnavanje proteina HIF1A v odvisnosti od prisotnosti O2 (prirejeno po (Bertout 

in sod., 2008)) 

 

Under normoxic conditions, the half-life of HIF1 is less than one minute (Yu et al., 

1998), but when subjected to low O2 tension (< 30 mm Hg), HIF1 protein levels 

increase exponentially (Jiang et al., 1996). Under hypoxic conditions (lower than 2% 
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O2), hydroxylation of the ODD of HIF-A and the interaction with pVHL is inhibited. 

The subunits of HIF-A therefore accumulate in the cytoplasm of O2-starved cells and 

translocate to the nucleus, where they dimerized with HIF-B through their PAS domains 

(Figure 2). This interaction is thought to be required for full HIF activity, but is also 

regulated by normoxic hydroxylation reactions; in this case at p.Asn803 (Lando et al., 

2002a). Asparagine hydroxylation is carried out by factor inhibiting HIF (FIH), and FIH 

activity is inhibited under hypoxic conditions in a manner that is reminiscent of the 

prolyl hydroxylases (Lando et al., 2002b; Mahon et al., 2001) (Figure 3).  

 

However, HIF1A-HIF1B dimers bind to HREs, which contain the core recognition 

sequence 5′-RCGTG‑3′ (where ‘R’ denotes a purine residue)) that are located within the 

promoters, introns and 3′ enhancers of a large number of O2-regulated target genes. 

During this process, the C-TAD also interacts with co-activators such as p300/CBP 

(cyclic-AMP responsive element binding (CREB)-binding protein) (Ema et al., 1999). 

  

2.3 HIF AND CANCER 

On the basis of the human cancer biopsy samples analysis and experimental animal 

models, it has become clear that HIF has a crucial role in cancer progression. 

Overexpression of HIF1A was reported in broad range of human malignancies, because 

of genetic or environmental reasons associated with hypoxia (Maxwell et al., 2001). The 

accumulation of HIF1A has been associated with poor patient survival in early-stage 

cervical cancer, breast cancer, oligodendroglioma, ovarian cancer, oropharyngeal 

squamous cell carcinoma, CRC, and renal cell carcinoma (RCC) (Audenet et al., 2012; 

Bertout et al., 2008; Cao et al., 2009; Kim et al., 2012). Interestingly, HIF1A 

overexpression was associated with decreased patient mortality for head and neck 

cancer (Beasley et al., 2002) and non-small-cell lung cancer (Volm and Koomagi, 

2000), for type of cancers where increased patient mortality was reported to be 

associated with HIF2A overexpression (Giatromanolaki et al., 2001; Koukourakis et al., 

2002). These studies suggest that these two A-subunits can have opposing effect on 

disease progression depending on tumor type. Consecutively this has spurred a new 

interest in understanding the molecular differences between the A-subunits and has also 

demonstrated that the relative contributions of the A-subunits to tumor growth versus 

suppression are likely to be tissue specific (Bertout et al., 2008).  

 

Studies focusing on HIF1A deficiency resulted in delayed tumor onset, reduced tumor 

growth and rather fewer tumor blood vessels. However, even in the number of 

metastases to the lung was significantly decreased. These results indicate that HIF1A 

has an unexpected role potential in metastasis that was additionally validated by in vivo 

experiments (Hiraga et al., 2007). Increased HIF1A expression can also be caused by a 

variety of genetic alterations that activate oncogenes (ERBB2 in SRC) or inactivate 
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tumor suppressor genes (VHL, PTEN, CDKN2A) (Semenza, 2003). One of the first 

links between tumor hypoxia and a specific cancer genetic program was that with TP53. 

HIFs also affect the MYC pathway, where HIF1A opposes MYC (Koshiji et al., 2004), 

as a potent regulator of proliferation and anabolic metabolism, meanwhile HIF2A 

promotes MYC activity (Gordan et al., 2007). Because MYC is commonly deregulated 

in cancer, this is also an important interaction to consider when developing anticancer 

therapies (Bertout et al., 2008).  

 

2.3.1 Effect of HIF1A variations on cancerous and non-cancerous phenotypes 

Several single nucleotide polymorphisms (SNPs) have been identified in HIF1A. 

However, the density of SNP appears particularly high in exon 12, which includes 

synonymous and non-synonymous SNPs (Shieh et al., 2010). These non-synonymous 

SNP result, respectively, in amino acid changes from proline 582 to serine 

(p.Pro582Ser; rs11549465) and from alanine 588 to threonine (p.Ala588Thr; 

rs11549467). Exon 12 translates a portion of HIF1A encompassing the N-TAD domain 

and the partial ODD domain, and has been reported to increase HIF1A expression, even 

under normoxia (Fu et al., 2005; Tanimoto et al., 2003). The association between 

rs11549465 or rs11549467 and the risk or progression of various cancers like carcinoma 

of the cervix, endometrium, colorectum, esophagus, bladder, and kidney has been 

reported (Fransen et al., 2006; Konac et al., 2007; Ling et al., 2005). Both HIF1A 

variations have been demonstrated to increase HIF transcription activator function and 

effect on normal physiological function of HIF1A including increase of HIF1A stability 

(Fu et al., 2005; Hebert et al., 2006; Tanimoto et al., 2003). Factors inhibiting the HIF1 

(FIH1 or HIF1AN) protein interacts with amino acid 531–826 of HIF1A, which 

includes the rs11549465 and rs11549467 polymorphisms (Mahon et al., 2001). Both 

polymorphisms might decrease the binding affinity between FIH1 and HIF1A and 

increase the transcription activator function of HIF1 protein (Shieh et al., 2010). 

 

To date many HIF1A SNP association studies were performed and various genotype-

phenotype associations were identified. Previous studies performed on genetically 

engineered Hif1a knockout (KO) mouse already indicated the importance of HIF1 

pathway in the metabolic control of muscle function (Mason et al., 2004), heart function 

(reductions in contractility, vascularization, high-energy phosphate content, and lactate 

production) (Huang et al., 2004), the essential role of Hif1a in controlling both 

embryonic and tumorigenic responses to variations in micro-environmental oxygenation 

(Ryan et al., 1998), and effect on immunological system, where chimeric mice model 

showed abnormal B lymphocyte development and autoimmunity (Kojima et al., 2002; 

Kojima et al., 2004). Moreover, Kline et al (Kline et al., 2002) disclosed that partial 

Hif1a deficiency has a dramatic effect on carotid body neural activity and ventilatory 

adaptation to chronic hypoxia. Chronic hypoxia in laboratory animals (mouse or rat) 
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was shown to induce multiple systemic responses similar to physiological responses in 

human, like polycythemia, pulmonary hypertension, right ventricular hypertrophy, and 

weight loss (DiCarlo et al., 1995; Rabinovitch et al., 1979; Yu et al., 1999). 

 

Studies showed that the occurrence of local hypoxia in the muscle causes a drop in O2 

pressure within the monocyte during exercise (Richardson et al., 2001; Richardson et 

al., 1995). This causes an induction of the HIF1A-mediated signaling pathway in human 

skeletal muscle, thereby provoking a shift toward increased use of oxidative pathways 

for energy production (Ameln et al., 2005; Hoppeler and Fluck, 2003). Transcriptional 

events largely contribute to increases in mitochondrial mass in human skeletal muscle 

with endurance training. Expression of mitochondrial proteins from the nuclear and 

mitochondrial genomes is coordinated and involves the nuclear-encoded transcription 

factors NRF-1 and TFAM. Transcription of genes encoding the mitochondrial proteins 

involved in beta oxidation can be regulated separately from the genes of the Krebs cycle 

and the respiratory chain. Transcription factors AP-1 and PPAR alpha/gamma and the 

protein kinase AMPK are signaling molecules that transduce the metabolic and 

mechanical factors sensed during endurance training into the complex transcriptional 

adaptations of mitochondrial proteins (Hoppeler and Fluck, 2003). Furthermore, a 

tissue-specific loss of function of HIF1A in mice led to a decrease of exercise-induced 

changes in gene expression of glycolytic enzymes in skeletal muscle (Mason et al., 

2004) and caused reductions in contractility and vascularization of the heart (Huang et 

al., 2004). The muscle damage in Hif1a KO mouse is similar to that detected in humans 

in diseases caused by deficiencies in skeletal muscle glycogenolysis and glycolysis. 

Thus, these results demonstrate an important role for the HIF1-pathway in the metabolic 

control of muscle function (Mason et al., 2004). 

 

2.4 HYPOXIA AND NONCODING RNAs 

2.4.1 Regulatory ncRNAs 

Controlling protein-coding gene expression can no longer be attributed purely to 

proteins involved in transcription, RNA processing, and translation. The role that 

ncRNAs play as potent and specific regulators of gene expression is now widely 

recognized in almost all species studied to date (Brosnan and Voinnet, 2009). 

Noncoding RNAs are defined as RNAs that do not encode proteins (Eddy, 2001; 

Mattick and Makunin, 2006) and until a decade ago, ncRNA genes were invisible even 

by complete genome sequencing. A central dogma of molecular biology is that RNA 

plays the role of intermediate messenger between the gene and the final protein encoded 

by this gene (Eddy, 2001; Kelley and Kuroda, 2000; Mattick and Makunin, 2006). 

Scientists discovered prevalent roles for ncRNA that were based on specific nucleic acid 

recognition without any catalytic function, like ribosomes (Eddy, 2001).  
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Genes of ncRNA produce transcripts that function as structural, catalytic, or regulatory 

RNAs (Brosnan and Voinnet, 2009; Eddy, 2001; Pang et al., 2007). Some groups of 

ncRNAs have been known for a long time and have well-known functions in cell life. 

Some of them are involved in RNA translation mechanisms (ribosomal RNA (rRNA) 

and transfer RNA (tRNA)) or in splicing (small nuclear RNA (snRNA)), and some are 

known to have the ability to modify other groups of ncRNA, such as small nucleolar 

RNAs (snoRNA) that modify rRNA (Mattick and Makunin, 2006). Many ncRNAs have 

to be alternatively spliced or/and processed into smaller RNA molecules like miRNA to 

become functional (Mattick and Makunin, 2006). In general, RNA molecules have wide 

biological functions on all levels of gene regulation, mainly influencing transcription 

initiation, stability of messenger RNA (mRNA), RNA editing, splicing, and even 

control of chromosome dynamics (i.e., maintenance and segregation). RNA molecules 

might have influence on cell cycle regulation and were found to function in response to 

stress (hypoxia); furthermore, they contribute to cell death or apoptosis (Allen et al., 

2004; Espinoza et al., 2004; Haaland et al., 2005; Kulshreshtha et al., 2007; Mattick and 

Makunin, 2006). The regulatory function of ncRNA mainly relies on base-pairing with 

complementary sequences of RNA from other RNA classes or of DNA from promoter 

regions, so they can form RNA::RNA or RNA::DNA complexes (Mattick and Makunin, 

2006).  

 

Recently, tiling array experiments (i.e., arrays with probes designed to cover the entire 

genome) suggested that the majority of the genomes of mammals and other complex 

organisms are actually transcribed into ncRNA and not into mRNAs. In last few years, 

the number of identified ncRNAs has increased very quickly and is still rising 

suggesting that our understanding of the genome structure and components of functional 

networks is far from complete (Costa, 2007; Guttman et al., 2009; Kozomara and 

Griffiths-Jones, 2011; Mattick and Makunin, 2006).  

 

In general ncRNA are transcribed in long and short RNA transcripts (Table 1). Long 

ncRNAs were found to upregulate and downregulate gene expression in both eukaryotes 

and prokaryotes and are essential in processes such as dosage compensation, genomic 

imprinting, developmental patterning and differentiation, and stress response. 

Meanwhile, small ncRNAs also play essential roles in diverse organisms, although are 

limited to eukaryotes (Brosnan and Voinnet, 2009). Small RNAs control a wide range 

of developmental and physiological pathways in animals, including hematopoietic 

differentiation, adipocyte differentiation and insulin secretion in mammals, and have 

been shown to be perturbed in cancer and other diseases (Mattick and Makunin, 2005). 
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Table 1: Classes of noncoding RNAs (modified from (Taft et al., 2010; Wang and Chang, 2011)) 

Tabela 1: Razredi nekodirajočih RNA (prirejeno po (Taft in sod., 2010; Wang in Chang, 2011)) 

sncRNAs 

Small ncRNAs (< 200 nt) 

lncRNAs 

Long ncRNAs (> 200 nt) 

siRNAs 

Small interfering RNAs 

miRNAs 

microRNAs 

snoRNAs 

small nucleolar RNAs 
Signal lncRNAs 

piRNAs 

PIWI-interacting RNAs 

PARs 

Promoter-associated 

RNAs 

xiRNAs 

X-inactivation RNAs 
Decoy lncRNAs 

sdRNAs 

Sno-derived RNAs 

moRNAs 

microRNA-offset 

tel-sRNAs 

Thelomere small RNAs  
Guide lncRNAs 

MSY-RNAs 

MSY2-associated RNAs 

crasiRNAs 

Centrosome-associated 

RNAs 

/ Scaffold lncRNAs 

 

As ncRNAs represent a very heterogeneous group, they can be sub grouped in different 

classes based on their length and finally their function: (i) miRNAs; (ii) other small 

ncRNAs (such as snoRNA, snRNA, piwi-interacting RNA (piRNA)); and (iii) long 

ncRNAs (lncRNAs). The most thoroughly studied class of ncRNAs is by far the group 

of miRNAs (Ambros, 2008). However, large numbers of lncRNAs with little or no 

protein-coding potential are being identified in eukaryotes. Increasing data describing 

the expression profiles, molecular features and functions of individual lncRNAs in a 

variety of systems are accumulating. For systematic compilation and updating 

information about lncRNA, a database (lncRNAdb) containing a comprehensive list of 

lncRNAs was developed (Amaral et al., 2011). Besides, long noncoding transcripts, 

such as T-UCRs, were also cloned, but their functions in normal cells and abnormalities 

in cancer cells have not been fully explored (Calin et al., 2007).  

 

2.4.1.1 Short ncRNAs 

The most widely studied and very fast evolving group among short ncRNA are 

miRNAs. They represent a group of endogenous ncRNA molecules that modulate post-

transcriptional gene regulation. Their size range from 18 nucleotides to approximately 

25 nucleotides and according to many reports miRNAs control expression of at least 

one-third of human protein-coding genes (Lewis et al., 2005; Xie et al., 2005). They 

exert their regulatory role on protein-coding gene expression by binding to either full or 

partial complementary sequences primarily in the 3′-untranslated region (UTR), but also 

inside the coding DNA sequence (CDS) and the 5′-UTR, of the corresponding mRNAs 

(reviewed in (Kunej et al., 2012)). Eventually, this affects mRNA stability and 

translation (Filipowicz et al., 2008; Miranda et al., 2006; Tay et al., 2008).  

 

Biogenesis of miRNA begins in the cell nucleus, where it is derived from a long 

primary miRNA molecule (pri-miRNAs) and which is further processed in cytoplasm 
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from hairpin structured precursor miRNAs (pre-miRNA) to mature miRNAs (Mattick 

and Makunin, 2005) (Figure 4). Post-transcriptional regulation due to miRNA can occur 

either by non-perfect pairing, which causes suppression of transcription, or by perfect-

match pairing, which provokes degradation of target mRNAs (Du and Zamore, 2005). 

Single-stranded mature miRNAs are recognized by the multi-protein infrastructure 

known as RNA-induced silencing complex (RISC) and guided to target regions on 

mRNA (Mattick and Makunin, 2006). MicroRNAs roles of gene expression regulations 

includes cell-cycle regulation, proliferation, cell differentiation, apoptosis, stress 

response, and fat metabolism (Ambros, 2003; Lagos-Quintana et al., 2001; Mattick and 

Makunin, 2006; Sevignani et al., 2006).  

 

 

Figure legend: METH, methylation; SNP, single nucleotide polymorphism; DEL, deletion; TRANSL, 

translocation; INS, insertion; AMPL, amplification; MUT, mutation; POL II, RNA polymerase II; 

AAAAAA, polyA tail; RISC, RNA-induced silencing complex. 

Figure 4: MicroRNA biogenesis and critical points that can cause miRNA deregulation and cancer 

predisposition when mutated (Ferdin et al., 2011) 

Slika 4: Proces zorenja miRNA in kritične točke, ki lahko povzročijo spremembo uravnavanja miRNA in 

dovzetnost za nastanek raka v primerih mutacij (Ferdin in sod., 2011) 
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However, since the discovery of miRNA and the explosion in miRNA research, this 

field has quickly moved from basic molecular research to clinical applications. In 

clinical applications miRNAs are used as markers to classify cancers, as prognostic 

indicators, or even as predictors of the efficacy of cancer therapies (Calin et al., 2005; 

Ferracin et al., 2010). They can act either as oncogenes or tumor-suppressor genes, 

while some of them have both functions depending on the cancer type and cellular 

context (Figure 5). Moreover, miRNAs were believed to function as hormones or body 

fluids circulation biomarkers for cancers (reviewed in (Cortez et al., 2011). 

 

 
Figure 5: MicroRNA with a role of oncogene in one cancer type and tumor-suppressor gene in different 

cancer type (Cortez et al., 2011) 

Slika 5: Mikro RNA z vlogo onkogena pri enem tipu raka ter z vlogo tumor-supresorja pri drugem tipu 

raka (Cortez in sod., 2011) 

 

Studies of miRNA expression revealed tissue- or cell-specific expression patterns, and 

differences between normal and cancer tissue of same cellular origin (Barbarotto et al., 

2008; Calin and Croce, 2006; Nicoloso et al., 2009; Spizzo et al., 2009). Changes in 

miRNA expression profiles, in their specific sequences, and in binding sites in mRNA 

targets have been identified in a variety of human genetic diseases, including cancer, 

heart disease, diabetes, and neural disorders (Costa, 2007; Ikeda et al., 2007; 

Krichevsky et al., 2003; Makeyev et al., 2007; Mattick and Makunin, 2006; Moreau et 

al., 2013; Schratt et al., 2006). The causes of the altered miRNAs expression in 

malignant compared to normal cells can be explained by the location of miRNA genes 

within cancer-associated genomic regions (CAGRs), by epigenetic mechanisms and by 

alterations in the miRNA processing machinery (Calin and Croce, 2006) (Figure 4 and 

Figure 6).  

 

When researchers combined miRNA locations with previously reported genetic 

alterations they concluded that > 50% of the studied miRNAs located in CAGRs or/and 
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in chromosomal fragile sites (FRAs). Chromosomal changes such as substitutions, 

insertions, and deletions that were associated with altered miRNA expression were 

found to be principally located in the promoter regions of individual miRNA genes or 

their gene clusters (Sevignani et al., 2007). Most recently, SNPs in the genes encoding 

miRNAs, the miRNA machinery, and miRNA targets were shown to interrupt normal 

cellular activity, and these SNPs can also contribute to an increased susceptibility for 

cancer development, poor patient prognosis, and reduced treatment efficacy (Chin et al., 

2008; Frazer et al., 2007; Saunders et al., 2007; Tay et al., 2008) (presented on Figure 4 

and Figure 6). As an example, Nicoloso et al. (2010) study proposed that transcribed 

SNPs, which were known to be associated with breast cancer risk, altered miRNA 

binding sites recognition and consequently miRNA gene regulation. Moreover, miRNA 

genes might also be silenced in human tumors by aberrant hypermethylation of CpG (-

C-phosphate-G- or CG site) islands that encompass or lie adjacent to miRNA (reviewed 

in (Kunej et al., 2011)). 

 

 
 

Figure legend: TF, transcription factor; MUT, mutation; DEL, deletion; METH, methylation. 

Figure 6: Mechanisms responsible for deregulation of miRNAs expression in cancer (Ferdin et al., 2010) 

Slika 6: Mehanizmi odgovorni za spremenjeno izražanje miRNA pri raku (Ferdin in sod., 2010) 

 

Most of research on miRNA in cancer are focusing on creating a diagnostic tool for 

cancer classification and a possible prognostic tool to define disease stage and 

progression (Calin et al., 2005; Lee and Dutta, 2009; Lu et al., 2005). To date there are 
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many miRNA profiling methods available to detect different miRNA signatures in a 

variety of cancers in which miRNA expression patterns change because of tissue-

specific signaling pathways or developmental effects (reviewed in (Ferdin et al., 2010).  

 

While significant progress has been made towards understanding the mechanisms of 

gene regulation by miRNAs, much less is known about factors affecting the expression 

of these and others noncoding transcripts. Description for other small RNAs (snoRNA, 

snRNA, and piRNA) also called non-miRNA small RNAs are described in the 

following references (Amaral and Mattick, 2008; Castel and Martienssen, 2013; Mattick 

and Makunin, 2005; Mattick and Makunin, 2006). 

 

2.4.1.2 Long ncRNAs 

During the past few years, it has become clear that long ncRNAs (> 200 bp in length) 

also participate in complex genetic events in eukaryotes (reviewed in (Mattick, 2009)). 

Initially, lncRNAs were considered to be background noise associated with RNA 

polymerase activity (Mercer et al., 2009; Struhl, 2007). Further detailed investigations, 

however, have proven lncRNA involvement in fundamental cellular processes such as 

RNA processing, gene regulation, chromatin modification, gene transcription 

(controlling the RNA polymerase II activity taking part as co-factors in RNA-protein 

complexes), post-transcriptional gene regulation (splicing, editing, transport, translation, 

and degradation) based on RNA sequence complementarity interactions, and other 

functions yet to be discovered (Bejerano et al., 2004b; Feng et al., 2006; Lareau et al., 

2007; Mercer et al., 2009; Pennacchio et al., 2006; Visel et al., 2008). One intriguing 

family of lncRNAs (Calin et al., 2007) is transcribed from regions that exhibit 

extremely high conservation between the orthologous regions of human, rat, and mouse 

genomes (Bejerano et al., 2004a; Bejerano et al., 2004b), hence the term “transcribed-

ultraconserved regions” (T-UCRs) or ultraconserved genes (UCG) (Calin et al., 2007). 

 

Researchers became aware of UCRs when alignment of human, rat, and mouse genomes 

showed that, despite 300 million years of negative selection, there were genomic 

regions that remained highly conserved (100% identity) (Bejerano et al., 2004b; Mercer 

et al., 2009). In 2004, Bejerano presented 481 of those UCRs, defined as genomic 

sequences longer than 200 bp and perfectly conserved (Bejerano et al., 2004b). 

Although several other sets of conserved elements were identified, such as conserved 

non-genic sequences (CNSs) (Mouse Genome Sequencing et al., 2002), long conserved 

noncoding sequences (LCNS) (Sakuraba et al., 2008), multiple species conserved 

sequences (MCSs) (Thomas et al., 2003) and highly conserved regions (HCRs) (Duret 

et al., 1993), but UCRs are regarded as a class of genomic elements with the strongest 

level of conservation. In fact, UCRs are even more conserved than coding genes and are 
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now believed to have fundamental functions in vertebrate evolution, including that of 

mammals (Ban et al., 2005; Bejerano et al., 2004b; Elgar and Vavouri, 2008).  

 

Although originally only 225 (47%) of the UCRs were classified as transcribed (exonic) 

or possibly transcribed (possibly exonic) by overlapping with coding exons (Bejerano et 

al., 2004b), an experimental analysis evidenced the transcription of 325 (68%) UCRs 

and called them transcribed UCRs (Calin et al., 2007). Transcribed UCRs also showed 

tissue-specific expression and their alteration was already associated with cancer, 

suggesting that UCRs may represent yet another class of functional ncRNAs (Calin et 

al., 2007). Recent studies suggest that UCRs play important roles in genome regulatory 

mechanisms such as acting as distal enhancers (Paparidis et al., 2007; Pennacchio et al., 

2006), regulating alternative splicing (Lareau et al., 2007; Ni et al., 2007) and serving as 

transcriptional co-activators (Feng et al., 2006). Non-transcribed UCRs are generally 

associated with transcriptional cis-regulation; for example, they may behave as long-

range enhancers in gene deserts (Calin et al., 2007; Nobrega et al., 2003; Pennacchio et 

al., 2006) and as tissue-specific enhancers (Pennacchio et al., 2006). Transcribed or 

exonic UCRs are believed to play roles in post-transcriptional regulation such as 

alternative splicing and mRNA processing ((Bejerano et al., 2004b; Lareau et al., 2007; 

Ni et al., 2007; Sathirapongsasuti et al., 2011). Besides, UCRs are often found to 

overlap with exons of genes involved in RNA splicing or locating within host gene 

introns or even in close proximity to genes, which are involved in transcription and 

development regulation (Bejerano et al., 2006; Bejerano et al., 2004b). 

 

Recent studies identified alterations in T-UCR-expression patterns that are associated 

with specific tumor phenotypes and are pointing towards a mechanistic involvement of 

T-UCRs in cancer development. In particular, alterations in T-UCR expression have 

been described for adult CLL, CRC (Calin et al., 2007), hepatocellular carcinomas 

(Braconi et al., 2011; Calin et al., 2007), and neuroblastomas (Mestdagh et al., 2010; 

Scaruffi et al., 2010).  

 

While UCRs appear to act as tissue-specific regulators of gene expression during 

development (Bejerano et al., 2004b; Mattick, 2009; Pennacchio et al., 2006), very little 

if anything is currently understood about the mechanisms underlying the cancer-

associated profile alterations of T-UCRs. Similar to miRNAs, T-UCRs can act as 

oncogenes or tumor-suppressor genes, and besides their expression can be controlled by 

miRNAs (Calin et al., 2007). Moreover, UCRs are frequently observed in fragile 

genomic regions that are usually associated with cancers and therefore deregulated T-

UCR signatures were identified as cancer-specific with a potential for prognostic 

implications in the future (Calin et al., 2007). 
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2.4.2 Cancer-associated chromosomal regions correlated with ncRNA genes  

In human cancer research, bioinformatics and statistical tools have been used to 

demonstrate that ncRNAs (miRNAs, T-UCRs) are located in fragile genomic regions 

termed CAGRs (Calin et al., 2004), in tumor susceptibility loci (Sevignani et al., 2007) 

and in regions involved in cancers, such as common integrative sites (CISs, which are 

clustered inserts from CAGRs) (Makunin et al., 2007). 

 

Human genome contains more than 100 fragile sites (Albertson, 2006; Glover, 2006) 

and some of them have already been associated with cancer (Pichiorri et al., 2008). In 

several studies where they compared tumor cells to normal common fragile sites were 

shown as sites of a frequent chromosome breakage and rearrangements (Arlt et al., 

2003; Arlt et al., 2006). They are known to be highly recombinogenic, serving as sites 

where chromosome translocations, deletions and amplifications occur (Pichiorri et al., 

2008). One of the area in the human genome where CAGRs could be present are 

minimal numbers of LOH (loss of heterozygosity), that occurs when a remaining 

functional allele becomes inactivated as a consequence of a somatic mutation and are 

predisposed to be associated with tumor-suppressor genes (Gryfe et al., 1997). Other 

CAGRs are genomic regions with a minimal number of amplifications, which are 

suggestive of regions harboring oncogenes (Albertson, 2006). Beside those two 

important groups of regions associated with cancer are also common regions of the 

genome where breakpoints occur and are often found near potential tumor-suppressor 

genes or oncogenes (Calin et al., 2004). In addition, many CAGRs with deletions, 

amplifications, or epigenetic alterations have been found to contain miRNA genes that 

may have a role in malignant transformation (Figure 4 and Figure 6) (Calin et al., 2002; 

Calin et al., 2005). Inherited or somatic mutations in the human genome are known to 

induce instability in a genomic region containing miRNA genes. These types of 

mutations can cause alterations in miRNA biogenesis or affect their post-transcriptional 

regulatory function. The genomic changes of miRNAs may not only cause cancer but 

may also increase the risk in individuals to develop it (Figure 6) (Sevignani et al., 

2006).  

 

2.4.3 Methods used for ncRNA profiling 

Some methods used in the ncRNA expression analysis studies are used more frequently 

than the others. Their selection is mainly based on their sensitivity, specificity, 

timesaving, technical simplicity, low expense, and in correlation to the amount of useful 

information that can be gained from a single assay. Each method has its own advantages 

and disadvantages, which must be weighed against their intended use. 

 

Profiling of ncRNA is used to document miRNA and other classes of ncRNA 

expression variability, and was found to be more accurate for cancer classification than 
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using whole sets of known protein-coding genes (Calin and Croce, 2006). Besides for 

disease prognosis the profiling of ncRNA may be used to define disease markers and, in 

some cases, even to predict cancer therapy outcome (Nicoloso and Calin, 2008; Schetter 

et al., 2008).  

 

The most frequently used techniques for gaining information about ncRNA signatures 

are presented in Figure 7 and Table 2. Northern blot analysis was considered as the gold 

standard for gene expression detection and quantification before the development of 

microarray analysis. The first high-throughput technology was miRNA microarray 

analysis, which was initially developed in Carlo Croce’s laboratory (Liu et al., 2008a). 

Other than microarray, frequently used strategies for ncRNA profiling are quantitative 

real-time polymerase chain reaction (RT-qPCR), bead-based hybridization, cloning, and 

deep sequencing (Barbarotto et al., 2008; Kong et al., 2009). Each technique is based on 

different principles, and all of them have some advantages and disadvantages (Table 2). 

Evolution of high-throughput analysis for ncRNA happened fast and methods for their 

analysis can be classified into two general categories, which distinguish methods 

according to the possibility of discovering new miRNAs (Figure 7). Most of the 

methods are based on hybridization (microarray, bead-based flow cytometry, and in situ 

hybridization (ISH)); some are based on amplification (RT-qPCR and sequencing), and 

the best combine both principles (cloning) (Creighton et al., 2009; Kong et al., 2009; 

Liu et al., 2008a).  

 

 
Figure legend: RT-qPCR, reverse transcription quantitative PCR. 

Figure 7: Methods used for ncRNA profiling (Ferdin et al., 2010) 

Slika 7: Metode, ki se uporabljajo za preučevanje izražanja nkRNA (Ferdin in sod., 2010) 
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Table 2: Methods used for ncRNA profiling (Ferdin et al., 2010) 

Tabela 2: Metode, ki se uporabljajo za preučevanje izražanja nkRNA (Ferdin in sod., 2010) 

Method Principle Advantages Disadvantages Ref. 

Microarray  Sample preparation (RNA  cDNA) 

 cDNA labeling 

 Hybridization with solid-phase probes signal 

 Washing  

 Detection of signal 

 Data analysis 

 High throughput method (simultaneous 
testing of numerous samples) 

 More information gained in a single run 

 Simple method to standardize 

 Probes are spotted on solid surface by precise 
automated machine (thousands of probes on 
1 cm

2
) 

 Genome-wide expression analysis 

 Hard to differentiate expression of highly 
similar miRNA 

 Expression data presented in relative format 

 Detection of only known miRNAs 

 Background noise and cross-hybridization 
problems 

(Lu et al., 
2005) (Liu et 
al., 2008a) 

Bead-based array  Small RNA isolation 

 Adaptor ligation 

 Adaptor specific reverse transcription 

 PCR amplification 

 PCR product labeling 

 Signal detection with flow cytometry 
(hybridization of PCR amplicons with bead-fixed 
probes) 

 High specificity (differentiation of closely 
related miRNA), sensitivity, and efficiency 

 High speed, low cost 

 Quantitative results 

 Classification of miRNA based on fluorescent 
dye mixtures 

 High-throughput analysis, but not the best 
one 

 Long procedure (adaptor ligation, reverse 
transcription, target amplification) 

 Limited (but not low) number of miRNAs 
can be analyzed in one assay 

 Competition of hybridization for target PCR 
amplicon between its own complementary 
strand and specific probe 

 Enrichment by fractionation is necessary 

(Chen et al., 
2008) 

In situ hybridization 
(LNA probes) 

 Tissue or cell preparation 

 Digestion with protease (pepsin) 

 Probe denaturation 

 Hybridization  washing 

 Conjugate incubation 

 Chromogen incubation  

 Reaction monitoring under microscope 

 Immunohistochemistry 

 RNA preservation (no cell lysis is performed) 

 Actual localization of miRNA inside tissue or 
cell system 

 Easy and not expensive in comparison to 
others 

 Low-throughput method 

 Poor detection of miRNAs present in low 
copy numbers 

 Background signal problems in samples with 
a high number of miRNAs 

Background signal problems in samples with a 
high number of miRNAs 

(Nuovo et al., 
2009)  

RT-qPCR  RNA extraction from samples 

 RNA to cDNA reverse transcription (gene 
specific or total cDNA) 

 Target sequence amplification 

 Low numbers of ncRNA detection 

 Qualitative and quantitative technique 

 Rapid, highly sensitive, specific, and 
affordable 

 Low throughput method 

 Extraction of RNA and reverse transcription 
are steps where RNA can be degraded 

 Quality control checks are necessary for 

(Nolan et al., 
2006; 
Schmittgen 
et al., 2004) 

(Continued) 
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Method Principle Advantages Disadvantages Ref. 

 Used as a confirmation method of microarray 
data 

 No post-amplification detection is necessary 

reliable quantitative results 

Cloning  Small RNA isolation 

 Adaptor ligation on both ncRNA ends 

 RNA  cDNA reverse transcription 

 Digestion of cDNA (sticky ends) 

 Ligation with empty vectors 

 Transformation and amplification in competent 
bacterial cells 

 Sequencing for identification 

 Quantification method 

 Possibility of discovering new miRNA 

 Ability to evaluate miRNA expression in a 
single cell 

 Hard to detect low-expressed, instable, and 
tissue-specific miRNAs 

 Low throughput method 

 Enrichment by fractionation is necessary 

 Technically difficult to perform 

 Decision for right and best genomic region 

(Cummins et 
al., 2006) 

Northern blot  RNA extraction from sample 

 Size separation by electrophoresis 

 UV/heat fixation 

 Membrane hybridization by specific probe 

 X-ray RNA visualization 

 Quantitative method 

 Separates RNA molecules by size and class  

 Quantity comparison among loaded samples  

 Simple, specific, cheap 

 Detection of amount, size, and quality of 
transcripts 

 Same blot can be re-probed several years 
later 

 Low throughput method 

 RNA degradation problem during 
electrophoresis 

 Unhealthy chemicals needed for performing 
assay (radioactive material, formaldehyde, 
DEPEC, ethidium bromide, UV light) 

 Difficult to perform using more than one 
probe 

 Low sensitivity 

(Streit et al., 
2009) 

Deep sequencing  Library generation 

 Genome/DNA of interest 

 Fragmentation 

 Adaptor ligation (DNAse, sonification)  

 PCR amplification (in situ polonies, emulsion 
PCR, bridge PCR) 

 Parallel sequencing 

 Potential to discover novel ncRNA 

 High throughput method (simultaneous 
sequencing of many different RNA molecules) 

 Wide range of applications (polymorphism, 
mutation, and methylation detection, 
detection of structure variation, gene 
expression, and miRNA profiles) 

 Absolute quantification of miRNA profiles 

 Expensive (reagents, maintenance, 
bioinformatics software) 

 Loss of miRNA during necessary purification 
steps 

(Mardis, 
2008; 
Shendure 
and Ji, 2008) 

 

(Continued) 
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2.5 CELLULAR POST-TRANSLATIONAL MODIFICATIONS  

Within the last few decades, scientists have discovered that the human proteome is 

vastly more complex than the human genome (International Human Genome 

Sequencing, 2004; Jensen, 2004). This demonstrates that single genes encode multiple 

proteins. Genomic recombination, transcription initiation at alternative promoters, 

differential transcription termination, and alternative splicing of the transcript are 

mechanisms that generate different mRNA transcripts from a single gene (Ayoubi and 

Van De Ven, 1996).  

 

The increase in complexity from the level of the genome to the proteome is facilitated 

by protein post-translational modifications. They are chemical modifications that play a 

key role in functional proteomics, because they regulate activity, localization and 

interaction with other cellular molecules such as proteins, nucleic acids, lipids, and co-

factors. They occur at distinct amino acid side chains or peptide linkages and are most 

often mediated by enzymatic activity. It is estimated that 5% of the proteome comprises 

enzymes that perform more than 200 types of post-translational modifications (Walsh 

and Jefferis, 2006). These enzymes include kinases, phosphatases, transferases and 

ligases, which add or remove functional groups, proteins, lipids or sugars to or from 

amino acid side chains, and proteases, which cleave peptide bonds to remove specific 

sequences or regulatory subunits.  

 

Many proteins are modified shortly after translation is completed to mediate proper 

protein folding, stability or its localization in cell (Figure 8). Other modifications occur 

after folding and localization are completed to activate or inactivate catalytic activity or 

to otherwise influence the biological activity of the protein. Proteins are also covalently 

linked to tags that target a protein for degradation. However, protein post-translational 

modification increases the functional diversity of the proteome by the covalent addition 

of functional groups or proteins, proteolytic cleavage of regulatory subunits or 

degradation of entire proteins. These modifications include phosphorylation, 

glycosylation, ubiquitination, nitrosylation, methylation, acetylation, lipidation and 

proteolysis and influence almost all aspects of normal cell biology and pathogenesis 

(Table 3) (Jensen, 2006). 

 

The analysis of proteins and their post-translational modifications is particularly 

important for the study of heart disease, cancer, neurodegenerative diseases and 

diabetes. The identifying and understanding post-translational modifications is overall 

critical in the study of cell biology and disease treatment and prevention (Walsh and 

Jefferis, 2006). 
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Figure 8: Post-translation modifications present in a cell (Jensen, 2006) 

Slika 8: Potranslacijske spremembe v celici (Jensen, 2006) 

 

Table 3: A selection of the most common post-translational modifications and their biological roles 

(modified from (Jensen, 2006)) 

Tabela 3: Izbor najpogostejših potranslacijskih sprememb in njihova biološka vloga (prirejeno po (Jensen, 

2006)) 

POST-TRANSLATIONAL MODIFICATION* 

 modified residues 

BIOLOGICAL FUNCTIONS  

PHOSPHORYLATION 

 Serine, Threonine, Tyrosine 

Signal transduction, regulation of enzyme activity, 

involved in protein-protein and protein-ligand 

interactions. 

GLYCOSYLATION  

 N-linked (Asparagine) 

 O-linked (Serine, Threonine) (single sugar or a 

chain sugar)  

 glycosylphosphatidylinositol (GPI) anchor 

Protein stability, solubility, secretion signal, regulator 

of interactions, extracellular recognition and 

interactions. 

ACYLATION  

 Palmitoylation  

 Farnesylation  

 Myristoylation 

Protein localization and activity, involved in protein–

protein and protein-membrane interactions. 

SULPHATION 

 Tyrosine 

Signaling and protein localization, involved in protein-

protein interactions. 

(Continued) 
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POST-TRANSLATIONAL MODIFICATION* 

 modified residues 

BIOLOGICAL FUNCTIONS  

UBIQUITYLATION 

 Lysine 

Protein degradation signal, involved in protein-protein 

interactions. 

METHYLATION 

 Lysine (mono-, di- and trimethylation) 

 Arginine (mono- and dimethylation) 

Regulates protein activity, protein-protein and protein-

nucleic acid interactions, chromatin dynamics and 

gene activity (histone modification). 

ACETYLATION 

 N-terminal residue, Lysine 

Protein stability and activity, regulates protein-protein 

and protein-ligand interactions. 

DISULPHIDE-BOND FORMATION 

 Cysteine 

Stabilizes protein structure and activity, involved in 

redox processes. 

OXIDATION 

 Methionine 

 Tryptophan 

Might regulate protein activity. 

DEAMIDATION 

 Asparagine 

 Glutamine 

Associated with ageing, might regulate protein activity 

and interactions; often a chemical artifact. 

HYDROXYLATION 

 Proline 

Structural stability (collagens). 

 

2.5.1 Glycosylation 

Protein glycosylation is acknowledged as one of the major post-translational 

modifications, with significant effects on protein folding, conformation, distribution, 

stability and activity. Glycosylation encompasses a diverse selection of sugar-moiety 

additions to proteins that ranges from simple monosaccharide modifications of nuclear 

transcription factors to highly complex branched polysaccharide changes of cell surface 

receptors. Carbohydrates in the form of aspargine-linked (N-linked) or serine/threonine-

linked (O-linked) oligosaccharides are major structural components of many cell surface 

and secreted proteins (Hang and Bertozzi, 2005). 

 

O-GlcNAcylation is the covalent attachment of β-D-N-acetylglucosamine (GlcNAc) 

sugars to serine or threonine residues of nuclear and cytoplasmic proteins, and it is 

involved in extensive crosstalk with other post-translational modifications, such as 

phosphorylation (Slawson and Hart, 2011). O-GlcNAcylation is becoming realized to 

have important roles in cancer-relevant processes, such as: cell signaling, transcription, 

cell division, metabolism, and cytoskeletal regulation (Slawson and Hart, 2011). Still 

little is known about the specific roles of aberrant O-GlcNAcylation in cancer.  

 

O-GlcNAc-modified proteins have diverse cellular roles in signaling, metabolism, 

transcriptional regulation, cell cycle control, protein trafficking, and the regulation of 

cellular structure (Hart et al., 2011; Slawson et al., 2010). Because many of these 

processes are perturbed during tumorigenesis, alterations in O-GlcNAcylation are likely 

to have role in cancer. 

(Continued) 
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2.5.2 O-GlcNAc and cancer  

O-GlcNAcylation is catalyzed by a single enzyme, termed O-linked N-

acetylglucosamine transferase (OGT). Role of OGT is to transfer N-acetylglucosamine 

from uridine diphosphate N-acetylglucosamine to protein substrates (Haltiwanger et al., 

1990), meanwhile N-acetyl-β-glucosaminidase (OGA or O-GlcNAcase; official name is 

MGEA5) rapidly removes the O-GlcNAc modification from proteins (Dong and Hart, 

1994). These enzymes enable alteration in proteins post-translational state and function 

in response to cellular signals (Slawson and Hart, 2011).  

 

Cellular levels of O-GlcNAc, OGT and OGA have a tight relationship with multiple 

cellular activities. Loss of OGA activities induce changes of genes involved in life-span 

and aging, stress response, carbohydrate metabolism, membrane transport, and 

chromatin remodeling. Meanwhile, loss of OGT activity reflected in alterations of genes 

involved in amino acid metabolism, mitochondrial function, reproduction, stress 

response, and aging (Love et al., 2010). 

 

Therefore, the O-GlcNAc modification is a crucial mechanism for cells to respond to 

various stimuli and allows cells to link nutrient availability and cellular metabolism to 

the regulation of vital cellular processes, such as cell cycle regulation, stress response 

and gene expression (Slawson and Hart, 2011). Many of these processes can become 

corrupted in cancer and despite conflicting data in primary tumor samples increased O-

GlcNAcylation does seem to be a general characteristic of cancer cells. Although no 

human cancer were yet directly linked to mutations in OGT or OGA (Slawson and Hart, 

2011). 

 

However, changes in O-GlcNAcylation may disrupt the flow of information from other 

signaling system, such as phosphorylation, ubiquitilation and acetylation (Slawson and 

Hart, 2011). Transcription factors have predominance to be affected by O-GlcNAc 

modification (Ozcan et al., 2010) and beside that they can be widely regulated by other 

post-transcriptional modification like methylation, phosphorylation, and acetylation 

(Slawson and Hart, 2011). Alterations in transcription factor activity either by mutation 

or by gene expression are a well-known mechanism in the progress of cells from normal 

state to cancerous state (Hanahan and Weinberg, 2011). 

 

2.5.3 OGT  

Gene coding for OGT is highly conserved among eukaryotes, including mouse, rat, and 

humans. In humans its genomic location is on the long arm of the chromosome X (43 kb 

of genomic DNA in Xq13.1). In humans this region, Xq13, was associated with 

neurologic disease (Shafi et al., 2000). Transcripts of OGT are highly conserved in its 3’ 

terminal part; meanwhile 5’ terminal shows variability (Nolte and Muller, 2002). In 
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humans different sizes of OGT transcripts have been reported: 9.3-5 kb, 7.9-8.0 kb, 6.3-

4 kb, 4.4 kb and 4.2 kb (Kreppel et al., 1997; Lubas et al., 1997; Nolte and Muller, 

2002). Studies clearly identified that the largest transcripts (9.5 kb, 8.0 kb and 6.4 kb) 

are concern of alternative splicing. Nolte and Muller (2002) revealed that the alternative 

splicing of exon 2 and intron 4 occurs (later named retained intron), independently to 

each other. To mention retained intron itself does not contain any open reading frame 

(ORF), but does include a “second” start codon (ATG) (Lubas et al., 1997). This second 

start codon is also the only physiological solution for a translation of these two long 

transcripts (Nolte and Muller, 2002). The “fist” start codon is located at exon 1 of OGT 

appears to be used for translation of 6.4 kb long transcript (1036-1046 aa), where intron 

4 is normally spliced out. Smaller transcripts like 4.4.kb and 4.2 kb according to Nolte 

and Miller most likely originate from transcript with retained intron (Nolte and Muller, 

2002). 

 

A complete OGT gene is composed of 22 exons and has two transcription stat codons 

(at exon 1 and retained intron) (Nolte and Muller, 2002). Beside, this protein is reported 

to be a heterodimer of two catalytic 110 kDa subunits and one 78 kDa subunit, which is 

supposed to originate from larger subunits as a result of alternative splicing (Kreppel et 

al., 1997).  
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3 MATERIAL AND METHODS 

3.1 DATABASES  

Locations of miRNA genes were obtained from miRBase (release16.0; 

www.mirbase.org  ). Information for TF ChIP data were obtained from UCSC Genome 

Browser (University of California, Santa Cruz; http://genome.ucsc.edu/index.html). 

Experimentally validated miRNA::HIF1A direct interactions were collected using 

databases: miRWalk (http://www.umm.uni-heidelberg.de/apps/zmf/mirwalk/), 

miRecords (http://mirecords.biolead.org/), and mirTarBase 

(http://mirtarbase.mbc.nctu.edu.tw/). Gene locations and genetic variability were 

obtained using UCSC and Ensembl (http://www.ensembl.org/index.html) Genome 

Browsers. The nomenclature of literature-collected genes was uniformed according to 

the HUGO Gene Nomenclature Committee (HGNC, http://www.genenames.org/). The 

nomenclature for SNPs was unified to reference SNP (rs) according to the Human 

Genome Variation Society (HGVS) guidelines (http://www.hgvs.org/mutnomen/). 

Version of dbSNP build 137 from NCBI was used to obtain information about 

variations. 

3.1.1 Publication databases 

The literature reviews were performed using publication databases: PubMed 

(http://www.ncbi.nlm.nih.gov/pubmed) and Web of Science (WoS; 

http://apps.webofknowledge.com/WOS). Timeframes of the literature reviews depended 

on the time of the first and the lates publication on which these reviews were performed. 

The literature review of HIF1A polymorphisms and associated diseases and phenotypes 

was performed on publications published between 2003 and 3/2013. Relevant 

publications were collected using following keywords: HIF1A, polymorphisms, SNP, 

human, and association studies. The literature review of studies describing profiling of 

miRNA in cancer tissue or cell lines was performed on publications published between 

8/2004 and 10/2009. Relevant publications were collected using following keywords: 

microRNA, expression, profile, cancer, and expression profiles. The literature review of 

epigenetically regulated miRNAs was performed on publications published between 

2006 and 7/2010. Relevant publications were collected using following keywords: 

noncoding RNA, microRNA, oncomiR, epigenetic gene regulation, DNA methylation, 

CpG island, histone modifications, cancer, and oncogene. Literature review of HIF1A 

downstream targets was performed on publications from 1992 to 3/2013 to obtain the 

list of experimentally confirmed HIF1A downstream target genes. Relevant publications 

were collected using following keywords: HIF1A, transcription regulation, direct 

targets, ChIP, luciferase reporter assay, and HRE binding site.  
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3.2 BIOINFORMATICS TOOLS 

3.2.1 Transcription factor binding sites analysis 

The information related to experimentally confirmed TF binding sites (TFBS) was 

obtained using ChIP–seq data from ENCODE project at the UCSC database 

(http://genome.ucsc.edu/index.html) and published literature. Prediction of TFBS was 

performed using TRANSFAC Match tool (accessed through Biobase, MDAnderson 

licence), which uses positional weight matrices (PWMs) from the TRANSFAC matrix 

library to search DNA sequences for potential TFBS. Predictions were performed for 

polymorphisms located within 5’-flanking HIF1A region and a set of two allele-specific 

sequences centered to SNP (51 bp) were used for the analysis. The analysis was limited 

on vertebrate non redundant matrices with minimal false positive results. Locations of 

HIF1A promoter region and transcription start site (TSS) were used as defined by 

Suzuki et al. (2002) (http://genomics.senescence.info).  

3.2.2 MicroRNA target site predictions 

MicroRNA target prediction was performed using RNA22 

(https://cm.jefferson.edu/rna22v1.0-homo_sapiens/) and miRanda algorithms 

(http://www.microrna.org/microrna/home.do) and applied on HIF1A regions flanking 

SNPs, which were included in association analysis and located within exons, upstream 

and downstream gene regions. A set of two allele-specific sequences centered to SNP 

(51 bp) was used for the analysis. Human miRNAs were downloaded from miRBase 

(http://www.mirbase.org/index.shtml) (Kozomara and Griffiths-Jones, 2011). Algorithm 

RNA22 is based on a search for statistically significant miRNA motifs created from 

known mature miRNAs and allows to identify sites targeted by yet undiscovered 

miRNAs, but is not using cross-species conservational filter (Miranda et al., 2006). 

MiRanda algorithm in the analysis takes into consideration the cross-species 

conservation of miRNAs and allows one wobble pairing within the seed region (John et 

al., 2004). For miRNA predictions following parameter settings were used: 1.) the 

minimum number of base pairs between miRNA and mRNA was 14; 2.) the minimum 

number of seed paired bases was six; 3) the maximum folding energy was -14 kcal/mol.  

3.2.3 Pathway enrichment analysis of HIF1A downstream targets 

Enrichment pathway analysis with known HIF1A downstream targets was employed 

using DAVID Bioinformatics Resources 6.7 (Huang da et al., 2009) 

(http://david.abcc.ncifcrf.gov/) as described previously Cannistraci et al. (2013). The 

result of the enrichment analysis was obtained using Bonferroni multiple test correction 

and a P-value significant threshold of 0.01. 
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3.2.4 HIF1A-binding site predictions 

The putative promoter sequence (−5 kb upstream and +10 kb downstream of the 5’end 

of the annotated T-UCR) was scanned for predicted HIF1A-binding sites generated 

using the MATCH program and the V$HIF1_Q3 (gnnkACGTGcggnn), V$HIF1_Q5 

(ngtACGTGcngb), and V$HIF1_Q6 (nRCGTGngn) position weight matrices (PWMs) 

from the TRANSFAC database, version 9.1 (Matys et al., 2003) (http://www.gene-

regulation.com). The position weight matrices describe the position preferences of 

different nucleotides in the HIF-binding site (Kulshreshtha et al., 2007). 

3.2.5 ORF detection 

To find The OGT isoforms 1 and 2, and the retained intron sequence (intron 4) of the 

OGT gene were tested for open reading frame (ORF) using the NCBI ORF finder 

(http://www.ncbi.nlm.nih.gov/gorf/gorf.html).  

 

3.3 MOLECULAR GENETICS METHODS 

3.3.1 Cell cultures and growth conditions  

We used different cancer cell lines for screening and functional studies to determine the 

biological roles of the T-UCRs. Cell lines were selected based on previously made 

associations between HIF1A accumulation and poor patient survival in following cancer 

types. Colon cancer (HCT-116, HT-29 and COLO-205), breast cancer (MCF-7), 

bladder cancer (UC-2), and glioblastoma (U-87) cell line were obtained from ATCC 

(Manassas, VA, USA). Renal cell carcinoma (RCC) cell lines: 786-O VHL-deficient 

(VHL −) and 786-O VHL -restored (VHL +) (Kibel et al., 1995) were obtained from Dr. 

Maria Czyzyk-Krzeska (University of Cincinnati, Cincinnati, OH). The 786-O cell lines 

we used differ in ability to form a functional VHL protein (Kibel et al., 1995), and were 

used since the alteration of the VHL/HIF/VEGF pathway is well characterized in 

carcinogenesis and is the target of the current therapies of the metastatic RCC. Cell lines 

HCT-116 and HT-29 were maintained in McCoy’s 5A (enriched with L-glutamine and 

sodium bicarbonate; Thermo Scientific, Logan, UT, USA); UC-2 was maintained in 

minimum essential Eagle medium (MEM; Cellgro Mediatech, Manassas, VA, USA); 

MCF-7 was cultured in Dulbecco’s modified Eagle’s high-glucose medium (DMEM; 

Cellgro Mediatech); U-87 was cultured in special DMEM supplemented with F12 50/50 

mix (Cellgro Mediatech); COLO-205 was maintained in RPMI 1640 (Cellgro 

Mediatech); and 786-O VHL-deficient (VHL −) and 786-O VHL-restored (VHL +) cell 

lines (Kibel et al., 1995) were cultured in DMEM:Ham’s F12 supplemented with G418 

(200 µg/ml). All cell lines used were Mycoplasma-free, which was confirmed by using 

the MycoAlert mycoplasma detection kit (Lonza, Rockland, ME, USA).  

Before being used, cell lines were validated by STR DNA fingerprinting using the 

AmpFℓSTR Identifier kit, according to the manufacturer’s instructions (Applied 
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Biosystems, cat # 4322288). The STR profiles were compared with known ATCC 

fingerprints (ATCC.org), the Cell Line Integrated Molecular Authentication database 

version 0.1.200808 (http://bioinformatics.istge.it/clima/) (Romano et al., 2009), and the 

University of Texas MD Anderson Cancer Center fingerprint database. The STR 

profiles of all the cell lines matched known DNA fingerprints. 

3.3.2 Clinical samples 

Our starting point in this study was previously published UCR microarray expression 

data for CRC patients and healthy controls. Seventy-eight primary CRC and 21 normal 

colonic mucosa samples that were used for microarray analysis had been collected at the 

University of Bologna (Italy) and were previously reported (Calin et al., 2007). For all 

patients written informed consent was obtained and the patient samples were de-

identified for the molecular study. 

3.3.3 Hypoxia experiments 

Hypoxia experiments were performed to observe the expression levels of T-UCR and to 

determine the role of T-UCR in environment limited with O2. In hypoxia experiments, 

we used different cancer cell lines to represent different cancer types: colon cancer 

(HCT-116), breast cancer (MCF-7), bladder cancer (UC-2), glioblastoma (U-87), and 

renal cell carcinoma (786-O). We plated 6*10
5
 cells/well under normoxic conditions 

and 8*10
5
 cells/well under hypoxic conditions in complete McCoy’s growth medium 

(HCT-116), DMEM (MCF-7), MEM (UC-2) or DMEM/F12 (U-87) growth medium. 

Cell concentrations under normal conditions were lower to avoid cell overgrowth and 

consecutive cell death. Concentrations were measured using the Vi-Cell
TM

 cell viability 

analyzer (Beckman Coulter, Inc, Miami, FL, USA). Experiments were performed in six-

well culture plates (CELLSTAR; Greiner Bio-one, Capital Drive, Monroe, NC, USA). 

Each cell line was plated in duplicate for RNA extraction and protein harvesting. 

Cultivation under normoxic conditions was set on 37 °C at 21% O2 for 24 and 48 h. A 

hypoxic environment was generated in an InVivo2 200 hypoxia workstation (Ruskinn, 

Inc., Cincinnati, OH, USA), where O2 concentration was maintained at 1% or 0.2% (in 

5% CO2 and 95% N2) for 24, 48, 72 and 96 h. RNA was isolated and reverse transcribed 

with random hexamers (Applied Biosystems, Foster City, CA, USA) or gene-specific 

primers to gain total complementary (cDNA) or sense-specific cDNA, respectively. 

Complementary DNA was used in the RT-qPCR analysis to determine gene expression. 

Proteins were collected to confirm the presence of hypoxia-specific proteins under 

hypoxic conditions, especially HIF1A protein and HIF1A-induced proteins such as 

carbonic anhydrase IX (CA9). The 786-O and MCF-7 cell lines were plated in 35-mm 

plastic dishes for 24 h and incubated under normoxic or hypoxic conditions (0.2% O2) 

for 24 or 48 h. After treatment, cells were washed with phosphate-buffered saline 

(PBS), and RNA was extracted using the miRNeasy kit (Qiagen). Chemical induction of 

HIF1A expression under normoxic conditions was performed using 
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dimethyloxalylglycine (DMOG; Frontier Scientific, Logan, UT, USA). A stock solution 

of 100 mM DMOG was prepared in dimethyl sulfoxide (DMSO). The DMOG was 

added to the growth medium to a final concentration of 500 µM; meanwhile, a control 

set of cells was incubated in the presence of 0.5% DMSO. 

3.3.4 T-UCR validation using RT-qPCR  

3.3.4.1 RNA extractions and reverse transcription (RT) 

Extraction of RNA and reverse transcription were performed to prepare samples for T-

UCR expression analysis measured by RT-qPCR method. Total RNA was extracted 

from cultured cells using TRIzol by following manufacturer’s protocol (Invitrogen). 

RNA concentrations were measured with spectrophotometer NanoDrop ND-1000 

instrument (NanoDrop Tachnologies, Termo Scientific, Wilmington, DE, USA) using 1 

µl per sample. Reverse transcription of RNA to total cDNA was performed on 800 ng of 

RNA. Final reaction of 20 µl volume contained 1 µl of random hexamers (50 ng/µl), 1 

µl of 10 mM dNTPs, 8.5 µl RNAse free water, 4 µl of 5 x First Strand Buffer, 1 µl of 

dithiothreitol (DTT; 0.1 M ), and finally 0.5 µl of SuperScript
®

III Reverse Polymerase 

(200 U/µl). All steps were precisely followed by manufacturer’s instructions 

(Invitrogen). Reverse transcription by gene-specific primers was also made in total of 

20 µl, where only 100 ng of RNA was transcribed to strand specific cDNA. Reaction 

mix for gene-specific reverse transcription was composed of 1 µl RNA (100 ng/µl), 1 µl 

of a mix with strand-specific primers (2 µM), 1 µl dNTPs (10 mM), 4 µl of 5 x First 

Strand Buffer, 1 µl of DTT (0.1 M), 1 µl of RNAse OUT (Invitrogen) and finally 0.5 µl 

of SuperScript
®

III Reverse Polymerase (200 U/µl), and then RNAse free H20 was added 

to final volume of 20 µl. Two reverse transcription reaction mix were made for strand 

specific cDNA synthesis: one to detect sense oriented transcripts (using mix of reverse 

primers also reference gene) and one for antisense oriented transcripts (using reverse 

primer of a reference gene together with forward primers of other genes). Reference 

gene was transcribed in sense orientation in both reaction mixes. MicroRNA genes were 

reverse transcribed using specific primers (Applied Biosystems) and following 

manufacturer’s instructions (Applied Biosystems). Reverse transcription mixture was 

further incubated in Dyad® Pettier Thermal Cycler (DNA Engine, Bio-Rad, Hercules, 

CA, USA). Set of temperatures for total cDNA transcription was as followed: 5 min / 65 

°C, 2 min / 4 °C, 12 min / 25 °C, 50 min / 42 °C, and 15 min / 70 °C (Invitrogen). 

Incubation for gene-specific reverse transcription was executed as follows: 5 min / 65 

°C, 60 min / 55 °C, and 15 min / 70 °C to terminate the reaction incubation. Gene-

specific RT and RT-qPCR were performed only for selected UCGs. Specific primers 

were designed by using Primer3Plus (http://www.bioinformatics.nl/cgi-

bin/primer3plus/primer3plus.cgi) and were further tested with OligoAnalyzer for self- 

or hetero-dimers (IDT, Science tools; 

http://www.idtdna.com/analyzer/Applications/OligoAnalyzer/). Before use total cDNA 
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and gene-specific cDNA were diluted with nuclease-free water to final volume of 200 

µl (10-times) and 100 µl (5-times), respectively. All examined samples including 

clinical samples that were screened with RT-qPCR assay were simultaneously reverse 

transcribed without a presence of an enzyme (named RT (-) samples). This was 

necessary to exclude possibility of genomic DNA (gDNA) contamination and only 

samples, which were reported as RT (-) negative, were further incorporated in RT-qPCR 

analysis. 

3.3.4.2 Reverse Transcription Quantitative Polymerase chain reaction (RT-qPCR) 

Quantitative RT-PCR (RT-qPCR) was the first method chosen to confirm microarray 

data in ANNEX A from reference (Calin et al., 2007). This data gave us 61 altered 

expressed UCGs in CRC clinical samples (two down and 59 up) and have been 

normalized with normal colonic mucosa tissue expression data (Calin et al., 2007). 

Reactions for RT-qPCR were performed differently to measure expression of UCGs and 

differently to detect miRNAs. UCGs were detected by iQ
TM

 SYBR
®
Green Super Mix 

(Bio-Rad, Hercules, CA, USA). Final volume for reaction mix was 10 µl and contained 

5 µl of 2 x iQ
TM

 SYBR
®
Green Super Mix, 2.6 µl of DNAse free water, 2 µl of cDNA 

(cca. 40 ng / µl, dilution 1:10), and 0.2 µl of an individual primer (10 µM). MicroRNA 

gene-specific Taq-Man based RT-qPCR for miRNA was performed using miRNA-

specific and labeled hydrolysis probes (20 x, Applied Biosystems). Final volume of 

PCR reaction mix was 10 µl and consisted of 5 µl 2 x TaqMan
 
Universal PCR Master 

Mix (Applied Biosystems), 2.6 µl of DNAse free water, 2 µl of diluted gene-specific 

cDNA (1:5), and finally 0.4 µl of labeled miRNA-specific hydrolysis probe (Applied 

Biosystems). Each cDNA sample was tested in duplicates (two wells per sample) and 

final volume 10 µl. All gene specific primer pairs are presented in ANNEX B, details 

about miRNA-specific products can be found at manufacturer’s homepage 

(https://products.appliedbiosystems.com). Analysis was executed on 384-well white 

well plates using C1000
TM

 TermalCycler with CFX384
TM 

Real-Time System (Bio-Rad). 

Amplification has started with 10 min heating at 95 °C and then followed by 40 

amplification cycles consisted of two steps: 95 °C for 15 sec and 60 °C for 30 sec 

(previously described by Schmittgen et al. (2004)). After completed amplification PCR 

products were validated by melting curve designing step, which started by increment of 

0.5 °C / 5 sec beginning at 65 °C and finished at 95 °C. Melting curve was performed to 

validate specificity of transcripts amplified and detected by Sybr
 
Green, since it non-

specifically incorporates into everything that consists of a double-stranded DNA 

(dsDNA) structure. Amplification condition in miRNA gene-specific Taq-Man based 

RT-qPCR also started with 10 min heating at 95 °C and then followed by 40 

amplification cycles consisted of: 95 °C for 15 sec and 60 °C for 1 min. 
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3.3.4.3 Real time PCR controls, reference genes 

By performing RT-qPCR assay we had to use appropriate reference genes, which do not 

change expression under examined experimental conditions. As the positive control we 

used a gene known to be induced in hypoxia; for longer transcripts we checked HIF1A 

induced expression of CA9 (Wykoff et al., 2000), while in miRNA gene-specific RT-

qPCR (TaqMan) expression of hsa-miR-210 (Huang et al., 2010; Kulshreshtha et al., 

2007) was checked. Several different reference genes were tested in hypoxia and 

normoxia conditions, to identify which of them is not influenced by conditions we are 

studying. In the choice of the reference gene even a size of a transcript that we were 

amplifying was taken into account. MicroRNA expression analysis and T-UCR 

transcripts expression analysis were normalized with U6 snRNA (RNU6-1; RNA, U6 

small nuclear 1) and PPIA (peptidylprolyl isomerase A (cyclophilin A)), GAPDH 

(glyceraldehyde-3-phosphate dehydrogenase) or RPLP0 (ribosomal protein, large, P0), 

respectively. To avoid contamination we included the negative control, which was 

without any DNA template (no-template control, NTC), to check for potential intra-

assay contaminations. 

3.3.4.4 Data analysis for RT-qPCR 

Data analysis was performed using the Bio-Rad CFX Manager software (Bio-Rad, 

Hercules, CA, USA). Only samples with a single clear peak in melting temperature and 

no expression in nontargeted control cells were considered as positive and specific to be 

further analyzed. All RT-qPCR data of expressed genes were represented as 

quantification cycle (Cq) values for each sample of duplicates. Relative expression, as 

the fold change or difference (Safdar et al., 2009), was calculated using the 2
(-ΔΔCq)

 

formula, in which Δ Cq represents the difference in Cq values between the target gene 

and the mean Cq of the reference gene (Livak and Schmittgen, 2001).  

3.3.5 Western blot 

This method was used to observe protein expression levels in colorectal and breast 

cancer cell lines under induced conditions. Detection of HIF1A protein in environment 

with lower O2 concentrations was performed using western blot assay after incubation in 

hypoxia/normoxia for several experiments. Whole cell proteins were harvested from 

cells after washing with PBS. Proteins were collected by lysation with pre-prepared 

lysation mix (depend on cell density) composed of 1 x Lysis buffer (0.5% NP40 (nonyl 

phenoxypolyethoxylethanol), 250 mM NaCl, 50 mM Hepes, 5 mM EDTA 

(ethylenedinitrilo-tetraacetic acid), 0.5 mM EGTA (ethylene glycol tetraacetic acid)), 1 

x Proteinase Inhibitor Cocktail 2 (100 x; SIGMA), 1 x Protease Inhibitor Cocktail (25 x; 

Roche, Mannheim, Germany), and 1 mM DTT (1 M; Invitrogen). Protein samples were 

further homogenized by vortex-ing, kept on ice for 30 min, vortexed again, and then 

centrifuged for 10 min at 4 °C. Supernatant was transferred into fresh clean tube and 
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stored at -80 °C until use. Protein concentrations were measured with Smart Spec
TM

 

Plus spectrophotometer (Bio-Rad). Standard curve was made with BSA (1 µg/µl bovine 

serum albumin; SIGMA). One µl of proteins was diluted in 1 ml 1 x Bio-Rad Protein 

assay dye reagent (5 x, Bio-Rad) prior measurement. If possible 40 µg, but not less than 

20 µg of proteins per sample (amount of proteins on the same precast gel was the same) 

were separated on 4-20% Tris-HCl Criterion
TM 

Precast Gel (Bio-Rad) and transferred 

onto 0.2 µm nitrocellulose membrane (Bio-Rad). The membrane was hybridized with 

specific antibodies detecting proteins of interest. Primary antibodies were detected by 

species specific secondary antibodies linked with Horseradish peroxidase (HRP) 

(ECL
TM

, GE Healthcare, UK) and then detected using enhanced Chemiluminescence 

detection kit (GE Healthcare UK Limited, Little Chalfont Buckinghamshire, UK). For 

reference proteins in hypoxic/normoxic environment we use Vinculin (Santa Cruz 

Biotechnology Inc., cat # sc-7649), Beta-actin (SIGMA,cat #A5316) or Lamin B1 

(Abcam, cat # 16048), which expressions are not effected by hypoxic conditions. 

HIF1A was a protein to confirm hypoxic conditions (BD Biosciences, San Jose, cat # 

610958 or Nouvus Biologicals, cat # NB100-134) and due to its fast decomposition 

under short time of normoxic condition, CA9 was used as a control (Novus Biologicals, 

cat # NB100-417) whereas it is directly induced by HIF1A. Detecting the presence of 

HIF proteins in VHL-deficient cells we used HIF2A antibody (R&D Systems, cat # 

AF2886). Target protein to associate the presence/absence of apoptosis was of 

cleaved/uncleaved PARP protein (Cell Signaling, cat #9542). Antibody to detect OGT 

was purchased from SIGMA (cat # O 6264) meanwhile primary and secondary mouse 

specific antibodies to detect addition of O-GlcNAc on proteins were previously reported 

by Caldwell et al. (2010).  

3.3.6 RNA interference with siRNA transfection 

To determine the biological significance of UCR we performed knockdown 

experiments for selected T-UCRs using custom-designed siRNAs. Transfection with 

three different siRNA against selected gene targets was performed in 24-well plate 

using transfection reagent Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA). 

Transfection for each siRNA was made in six replicates. Two wells were used for cell 

counting (to detect proliferation effect), one well for RNA expression analysis to 

confirm efficient siRNA knockdown, and the rest for protein collection (western blot). 

Cell lines COLO-205 and HT-29 were used in siRNA interference experiment based on 

their highest expression of target T-UCR (COLO-205: uc.63; HT-29: uc.475) among a 

panel of five cell lines (Figure 24). Only siRNA with at least 60% target repression 

were used for further functional analysis. Sequences of used siRNAs are presented in 

ANNEX C. Cells (0.3*10
5
/well) were plated together with transfection mix and were 

considered as time zero hour concentration. Transfection mix (500 µl) was composed of 

1µl Lipofectamine 2000 (Invitrogen), 1 µl of siRNA (50 µM; SIGMA), 98 µl 

OPTIMEM® (GIBCO 35050, Invitrogen™, Grand Island, NY, USA), and 400 µl of an 
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appropriate cell growth media without antibiotics. Transfection was performed 

following manufacturer’s protocol. Cells transfected with siRNA were maintained 

under hypoxic (1% O2) and normoxic (21% O2) condition. After 4-6 h media was 

substituted with growth media containing antibiotics. Cells were incubated for 

24/48/72/96/120 h post-transfection to determine whether T-UCR downregulation 

exhibited an effect on cell proliferation. Cell counting at each time point was performed 

with Vi-Cell
TM

 cell viability analyzer (Beckman Coulter), while RNA samples were 

collected to confirm knockdown efficiency and proteins extraction to quantify the gene 

product of interest by western blot analysis. 

3.3.7  Fluorescence-activated cell sorting (FACS) 

Fluorescence-activated cell sorting was used to determine percentage of cells in cell 

cycle phases after silencing with siRNAs. Cells were plated in duplicates in a 6-well 

plate and a final 100 nM siRNA concentration was used for siRNA transfection 

(SIGMA). Cells were plated in concentration 3*10
5
 cells/well. After 48/72/96 h post-

transfection cells were collected by trypsinization and centrifuged so the media could be 

properly removed. Cell pellet was washed with 700 µl PBS and then fixed by 1400 µl of 

freezing cold ethanol (100%) added drop wise during gentle vortex-ing. Following cells 

were stored for minimum 1 h at -20 °C before adding 10 ml of PBS (without Ca
2+

/Mg
2+

) 

and mixed by tube inverting. After maximum speed (3500 rpm) centrifugation for 10 

min supernatant was separated from the cell pallet. One ml of staining solution was 

added on top of a cell pallet, mixed, and left in the dark for 30 min at 37 °C. Used cell 

staining solution was composed of 50 µl propidium iodide (1 mg/ml; PI, SIGMA), 50 µl 

RNase A (2 mg/ml; Roche Applied Science), and 900 µl of PBS. After incubation cells 

were stored at +4 °C till the time when flow cytometric measurement on FACS Calibur 

machine (Beckman Coulter, Irving, TX; www.coulterflow.com) in program for cell 

cycle analysis were implemented. Cell cycle analysis was made based on fluorescence-

activated cell sorting (FACS) described above. Cells were sorted by cycle stage and 

were presented in percentages.  

3.3.8 Chromatin immunoprecipitation (ChIP) 

Chromatin immunoprecipitation (ChIP) was used to validate predicted HIF1A-binding 

sites. The ChIP assay was performed using the Millipore chromatin-

immunoprecipitation kit (Millipore, Billerica, MA; cat # 17-295) following the 

recommendations from manufacturer, with slight modification. In brief, MCF-7 cells 

were exposed to DMOG (1 mM) for 24 h. Cells were fixed in the presence of 1% 

formaldehyde for 10 min at room temperature. For DNA shearing, 1*10
6
 cells were 

sonicated (6-times 10-second pulses) to achieve DNA fragmentation of 200-1000 base 

pairs length. Immunoprecipitation was carried out using rabbit polyclonal antibody 

against HIF1A (Novus Biologicals, cat # NB100-134) overnight at +4 °C. For DNA 

extraction, the immunoprecipitates were incubated with 10 μl of 0.5 M EDTA, 20 μl of 
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1 M Tris-HCl, pH 6.5 and 2 μl of 10 mg/mL Proteinase K (Roche) for one hour at +45 

°C. The DNA was purified by QIAquick PCR Purification Kit (Qiagen, cat # 28104) 

and eluted in 50 μl of water. Five μL of this DNA was used as a template for 

conventional PCR. All primers were designed with Primer3 software available online 

(http://frodo.wi.mit.edu/primer3/). PCR amplifications were carried out in Eppendorf 

Mastercycler Gradient with HotStartTaq Master Mix Kit (Qiagen). PCR cycling 

conditions were as follows: 95 °C for 15 min, 32 × (30 sec at 94 °C, 45 sec (56-60 °C) 

then 60 sec at 72 °C), followed by a final 10-minutes extension at 72 °C.  

3.3.9 Promoter reporter assay 

This assay using promoter fragments was used to confirm the transcriptional activation 

of T-UCR by hypoxia and HIF1A. The uc.475 promoter fragment containing predicted 

HIF1A motif (ANNEX D) was amplified and cloned into basic pGL4 vector 

(pGL4.10(luc2)) (Promega) with Forward 5’-

GAAGATCTGCTCTCAGAGATCCAACTTGTAGCCTCC-3’ and Reverse 5’-

GAAGATCTAGCTTTTGATCGTCCTCGGGTGATG-3’ (marked as wild type, WT, 

promoter variants). Plasmid construct without HIF1A-motifs were amplified on WT 

promoter variant later named as truncated promoter 1 (PT1) and truncated promoter 2 

(PT2). Primer pair used to amplified 5’-promoter region before HIF motifs (PT1 region) 

was Forward 5’- GAAGATCTGCTCTCAGAGATCCAACTTGTAG -3’ and Reverse 

5’- GAAGATCTTACTTAGCAGGTGGTGTCGTTT -3’, meanwhile primer pair used 

to amplified 3’-promoter region after HIF1A-motifs (PT2 region) was Forward 5’-

GAAGATCTTTAGAATGTCGTGGAATGGACT-3’ and Reverse 5’-

GAAGATCTTTAGAATGTCGTGGAATGGACT-3’. Amplified products were 

directly cloned into basic pGL4-empty vector with BglII restriction sites, upstream of 

luciferase reporter, and later all three of them were used for Dual-Luciferase assay to 

test inserted promoter region for transcription activation by HIF1A transcription factor. 

Each construct plasmid, as showed in Figure 22 (pGL4-empty, pGL4-uc.475-promoter, 

pcDNA 3.1-empty, pcDNA 3.1-HIF1A (P/A or 3M), were introduced into HCT-116 

and HT-29 cells separately using Lipofectamine 2000 (Invitrogen). The pRL-TK Vector 

(Promega) was used as an internal control reporter vector in each of transfection mix. 

Luciferase assays were performed 48 h post-transfection following the manufacturer’s 

protocol (Promega). Luciferase activity (measured as Relative Light Units, RLU) was 

scored using a Veritas microplate Luminometer (Turner Biosystems, Sunnyvale, CA, 

USA). As controls we produced two truncated inserts lacking both interaction sites, one 

containing only the 5’-part and the second only the 3’-part of the WT construct (Figure 

23, bottom).  

3.3.10 Detection of global O-GlcNAc cellular-protein modifications 

To detect O-GlcNAc-modified proteins, we chemically (PUGNAc as a 1,5-

hydroximolactone is an inhibitor of various N-acetylhexosaminidases) prevented the 
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removal of O-GlcNAc modifications by the glycosidase MGEA5 (meningioma-

expressed antigen 5 (hyaluronidase)) (Gao et al., 2001). Treatment with PUGNAc was 

initiated 24 h after siRNA transfection. Fresh complete media containing PUGNAc was 

added to final concentrations of 0, 40, and 80 μM, respectively, and in duplicate wells. 

The stock PUGNAc solution (SIGMA; cat # 132489-69-1) was prepared following 

manufacturer’s instructions and stored at -20 °C. After 72 h under normoxic or hypoxic 

conditions, cells were washed with PBS and later harvested for RNA and protein 

extraction to determine siRNA knockdown efficiency and to detect changes in O-

GlcNAc, respectively. Primary and mouse-specific secondary antibodies for detecting 

O-GlcNAc were reported by Caldwell et al. (2010).  

3.3.11 Northern blot 

Northern blot using gene specific probes was performed to identify transcript present in 

normoxia and altered in hypoxia. Total RNA isolation was performed using the TRIzol 

reagent (Invitrogen) according to the manufacturer’s instructions. The RNA samples (10 

µg each) were size-fractionated on pre-made 1% formaldehyde agarose gel and then 

transferred onto a Hybond-N+ membrane (Amersham Pharmacia Biotech, cat # 

RPN303B). Probes were radiolabeled with dCTP [α
-32

P] (stock 10 mCi/ml; 

PerkinElmer, cat # 102783-51-7) by using Prime-it II Random Primer labeling kit 

(Stratagene-Agilent Technologies, cat # 300385). The hybridization with [α
-32

P] was 

performed at 42 °C in Modified Church’s buffer (7% sodium dodecyl sulfate (SDS)–0.2 

M Na2PO4 (pH 7.0)) overnight. Membranes were washed at room temperature, twice 

with 2 x saline-sodium citrate (SSC)–0.1% SDS and once with 0.1 x SSC–0.1% SDS. 

Blots were stripped by boiling in 0.1% aqueous SDS–0.1 x SSC for 10 min and later re-

probed several times. As a loading control we used probing for PPIA. Before labeling 

DNA template for northern blot, probes were amplified using following primers for 

OGT (5’-TTAGCTGAGTTGGCACATCG-3’ (Forward), 5’-

TTGTACTGCCCCTTCCATGT-3’ (Reverse)), for uc.475 (5’-

TTACAGACTTGAGACTGTCCTCATT-3’ (Forward), 5’-

AAGCTGTTTCTGAAGCCACAA-3’ (Reverse)) and reference gene PPIA (5’-

CAGAC AAGGTCCCAAAGACAG-3’ (Forward), 5’-

TTGCCATCCAACCACTCAGTC-3’ (Reverse)).  

3.3.12 Cell fractionation 

In order to identify whether the location of T-UCR transcript is nuclear or cytoplasmic 

cell fractionation was performed. Cells (HCT-116, 2*10
6
) were pelleted, and 

cytoplasmic and nuclear fractions were obtained using the PARIS kit, following the 

manufacturer’s protocol (Ambion RNA, Life Technologies, Carlsbad, CA, USA).  
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3.3.13 Oxygen and glucose deprivation (OGD) assay  

This method was used to identify glucose- and O2-deprivation effect on the mRNA 

expression level of T-UCR and its host gene. Cells (HT-29, 0.3*10
6
) were seeded with 

DMEM media containing 4.5 g/L D-glucose concentrations supplemented with 10% 

fetal bovine serum (FBS) without antibiotics in 6-well tissue culture plate. Cells were 

plated one-day prior experiment to reach 50% confluence. On the day of the experiment 

cells were washed three times with PBS to remove the excess of glucose from the 

culture. One set of cells was cultured in normoxic while the other was cultured in 

parallel under hypoxic conditions for 12, 24, and 48 h. For each time point and 

conditions (hypoxia or normoxia) parallel plates with D-glucose (4.5 g/L) or without 

glucose (DMEM, Cellgro Mediatech, cat # 17-207-CV) were set up. Protein and RNA 

were collected to be further analyzed for coding and noncoding gene expression regions 

of the genome.  

3.3.14 Enhancer activity of DNA region 

To test T-UCR-containing region for enhancer activity, at first the pGL3 basic vector 

had to be transformed by the thymidine kinase (TK) promoter insertion as described in 

(Orom et al., 2010). Using primer walking, we confirmed the cDNA transcript (Figure 

35) for the retained intron (2694 bp) containing uc.475 (365 bp) (pGL3-TK-2.7 kb); 

their genomic regions were directly cloned into empty BamHI-restricted pGL3-TK 

promoter vector. The primer pair used to amplify the retained intron of OGT gene (2694 

bp) was 5’-AGCGGATCCGGTCAGAAGGACAAAGCTGGT-3’ (forward) and 5’-

AGCGGATCCAGCCAAATTTCCCCTTGTG-3’ (reverse). The insert was cloned 

downstream of Firefly luciferase, driven by the TK-promoter. A dual-luciferase assay 

was used to test and enhancer-like function and a vector containing Renilla luciferase 

(pRL-TK) was used as a control for transfection efficiency. Two independent biological 

repetitions under normoxic and hypoxic conditions were performed. All samples were 

treated in quadruplicates and dual-luciferase assay measurements were run in two wells 

for each sample. 

3.3.15 Noncoding RNA microarray data analyses 

For T-UCR expression analysis microarray chips were developed with a total of 481 

human UCR sequences as in http://www.soe.ucsc.edu/~jill/ultra.html. For each UCR 

two 40-mer probes were designed, one corresponding to the sense genomic sequence 

(named “+”) and the other to the complementary sequence (named “A+”). The design 

criteria were as described (Liu et al., 2004) and the detailed microarray description is in 

(Calin et al., 2007). Images were quantified using the GenePix Pro 6.0 (Axon 

Instruments). Raw data were normalized and analyzed in GeneSpring GX 7.3 (Agilent 

Technologies, Santa Clara, CA, USA). Tumors were normalized using the on-chip and 

on-gene median normalization of the GeneSpring software (Agilent Technologies). 
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Hierarchical cluster analysis was done using average linkage and Pearson correlation as 

measures of similarity. Statistical comparisons of tumors and normal tissues were 

performed by filtering on fold change and then using the the Welch t-test with 

Benjamini-Hochberg correction for reduction of false positives and as previously 

published (Calin et al., 2005; Cimmino et al., 2005; Iorio et al., 2005). All data were 

submitted to ArrayExpress database (accession number E-TABM-184). 

3.3.16 Statistics 

All results are based on at least two independent experimental replicates, with error bars 

representing the standard error of the mean unless stated otherwise. Unpaired two-tailed 

Student t-tests were used to address differences between groups.  
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4 RESULTS 

We developed an Atlas of HIF1A gene regulatory network, integrating genomic 

information related to HIF1A obtained from publications, databases, and bioinformatics 

predictions. We also confirmed a new functional link between hypoxia and the 

expression of long ncRNA, T-UCRs. One member of T-UCRs, uc.475, and its host gene 

OGT, were validated as novel HIF1A targets. 

 

4.1 ATLAS OF HIF1A GENE REGULATORY NETWORK  

We developed an Atlas of HIF1A gene regulatory network integrating: 1.) functional 

HIF1A SNPs from genotype-phenotype association studies, 2.) experimentally validated 

and predicted TF and miRNA binding sites, and 3.) HIF1A downstream targets and 

their involvement in biological pathways. An overview of an Atlas of HIF1A gene 

regulatory network consisting of transcriptional and post-transcriptional regulation and 

downstream targets is presented in Figure 9.  

 

On the Atlas of HIF1A gene regulatory network following HIF1A domains are 

presented: at the 5’-terminus of HIF1A is basic helix-loop-helix domain (bHLH; 17-71 

aa), essential for DNA binding. In the central region of the protein are Per-ARNT-Sim 

domain (PAS; 85-298 aa), involved in HRE binding and heterodimerization with ARNT 

(HIF1B), and an O2-dependent degradation domain (ODD, 401-603 aa), with proline 

residues (p.Pro402 and p.Pro564) hydroxylated for VHL/proteasome degradation (Ivan 

et al., 2001). At the 3’-terminus of the protein are two transacting domains (N-TAD and 

C-TAD), that mediate transcriptional activation and interact with co-activators, and a 

nuclear localization signal (NLS, 718-721 aa), which labels a protein for import into the 

cell nucleus by nuclear transport (Heino et al., 2008; Pugh and Ratcliffe, 2003; Shieh et 

al., 2010; Tanimoto et al., 2003). Variation presented in CDS regions were collected 

from numerous genotype-phenotype association studies performed on HIF1A (Figure 

10). Protein domains are evidently very important for interactions with other proteins 

(TFs (Figure 11) and miRNAs (Figure 12, Figure 13 and Figure 14)) and HRE binding 

sites within or nearby target genes promoters (experimentally validated HIF1A target 

genes; Figure 15). When the HIF1A protein stability is achieved then its role is 

observed in various cell processes.  

 



Ferdin J. Influence of hypoxia on expression of ultraconserved genomic regions in tumor tissue.  

  Doctoral dissertation. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, 2013 

 

 

47 

 

 

Figure legend: HIF1, HIF2, HIF3: hypoxia induced factors 1, 2, 3; HIF1 transcription co-factors: EP300, 

E1A binding protein p300; JUN, jun proto-oncogene; CREB1, cAMP responsive element binding protein 

1; CBP, CREB binding protein. HRE, hypoxia response element; SNP, single nucleotide polymorphism; 

TF, transcription factor, aa, amino acid; UTR, untranslated region; CDS, coding sequence; miRNA, 

microRNA. 

Figure 9: Atlas of HIF1A gene regulatory network 

Slika 9: Atlas regulatorne mreže gena HIF1A 
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4.1.1 Literature review of HIF1A association studies 

Literature review of 70 association studies in human revealed that to date 30 HIF1A 

SNPs were tested for an association to 43 phenotypes and among them 15 SNPs showed 

associations with 32 phenotypes including 16 cancer types (Figure 10A, ANNEX F, and 

ANNEX G). Ensembl nucleotide sequence of HIF1A is presented in ANNEX E and 

includes all known SNPs including 30 SNPs from association studies, which are 

highlighted. Studied HIF1A SNPs reside within all genomic regions: 5’-flanking, 

introns, exons, 3’-UTR, and 3’-flanking region (Figure 10B). Tested HIF1A genotype-

phenotype associations were visualized in Figure 10C and D. Among 30 studied 

variations, eight SNPs showed variable associations with phenotypes (observed 

association, no association or opposing results) (ANNEX F), seven SNPs showed only 

associations with tested phenotypes, while for 15 SNPs no association with tested 

phenotype has been reported (ANNEX G). Among all SNPs, non-synonymous SNPs 

(nsSNPs) rs11549465 and rs11549467 within ODD domain were most frequently 

studied and for which in publications a various nomenclature was used (alternative 

SNPs names are presented in ANNEX F and ANNEX G). Moreover, several studies 

that tested associations of these two SNPs with phenotypes, showed conflicting results 

for the same cancer type (ANNEX F). For example, opposing results were reported for 

rs11549465 in prostate cancer susceptibility studies (with association (Chau et al., 2005; 

Foley et al., 2009; Fu et al., 2005; Jacobs et al., 2008; Orr-Urtreger et al., 2007) and no 

association (Li et al., 2007; Li et al., 2012)) and for rs11549467 in breast cancer risk 

studies (association (Zhao et al., 2009) and no association (Apaydin et al., 2008; Kim et 

al., 2008; Naidu et al., 2009)). 
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Figure legend: CAD for coronary artery disease with stable exertional angina; CRC, colorectal cancer; 

T1DM, diabetes mellitus type 1; T2DM, diabetes mellitus type 2; COPD, chronic obstructive pulmonary 

disease. Performance is a parental term for: adaptation to living at high altitude, endurance status, 

maximal oxygen consumption, power-oriented athletes, symptom-limited exercise test duration over time, 

and response to acute hypoxia. * Meta-analysis is including female specific cancers: breast, endometrial, 

ovarian and cervical. 

Figure 10: HIF1A genotype-phenotype association studies in human 

Slika 10: Analize povezav genotipa HIF1A s fenotipom pri človeku 

 

Among 15 HIF1A SNPs associated with 32 different phenotypes five SNPs were 

associated with 16 cancer types: rs10654014 (Koukourakis et al., 2006), rs11549465 

(Chau et al., 2005; Chen et al., 2009; Foley et al., 2009; Fransen et al., 2006; Fu et al., 

2005; Hong et al., 2007; Jacobs et al., 2008; Kang et al., 2011; Kim et al., 2008; Konac 

et al., 2007; Koukourakis et al., 2006; Kuwai et al., 2004; Lee et al., 2008; Ling et al., 

2005; Naidu et al., 2009; Ollerenshaw et al., 2004; Orr-Urtreger et al., 2007; Ruiz-Tovar 

et al., 2012; Tanimoto et al., 2003; Xu et al., 2011; Zhao et al., 2009), rs11549467 

(Chen et al., 2009; Fransen et al., 2006; Hsiao et al., 2010; Li et al., 2009; Li et al., 

2012; Munoz-Guerra et al., 2009; Ollerenshaw et al., 2004; Ruiz-Tovar et al., 2012; 

Tanimoto et al., 2003; Zhao et al., 2009), p.Val116Glu (Morris et al., 2009) and 

rs199775054 (Park et al., 2009) (ANNEX F and ANNEX G). Those five SNPs were 

most frequently associated with breast, lung, CRC, gastric, prostate, oral cancer, and 

No association between HIF1A SNPs 

and studied phenotypes 

(D) 
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RCC. Genetic variability of HIF1A was also found to be associated with cardiovascular 

system diseases like: ischemic heart disease, coronary artery disease (CAD) with stable 

exertional angina, acute myocardial infarction and frequent intradialytic hypotension 

(ANNEX F and ANNEX G). Polymorphisms associated with cardiovascular system 

were: rs10873142 (Hlatky et al., 2007), rs11549465 (Hlatky et al., 2007; Resar et al., 

2005), rs2783778 (Zheng et al., 2009), rs41508050 (Hlatky et al., 2007), and rs7148720 

(Gaudio et al., 2012). Since cardiovascular system subsequently influences human body 

performance, variations associated with one or more of the following performance 

related phenotypes: maximal oxygen consumption, adaptation to living at high altitude, 

idiopathic osteonecrosis of the femoral head, power-oriented athlete performance and 

muscle activity, endurance status, and symptom-limited exercise test duration over time; 

were: rs10645014 (Suzuki et al., 2003), rs10873142 (Hong et al., 2007), rs11549465 

(Ahmetov et al., 2008; Cieszczyk et al., 2011; Doring et al., 2010; Gabbasov et al., 

2012; Hong et al., 2007; McPhee et al., 2011; Prior et al., 2003), rs1535679 (Hong et 

al., 2007), rs1957757 (Sarzynski et al., 2010), rs2057482 (Hong et al., 2007), and 

rs28708675 (Prior et al., 2003) (ANNEX F and ANNEX G). Some polymorphisms were 

also associated with other non-cancerous phenotypes such as systemic sclerosis 

(rs12434438 (Wipff et al., 2009)), acute kidney injury (rs11549465 (Kolyada et al., 

2009)), cellulite (rs11549465 (Emanuele et al., 2010)), and chronic obstructive 

pulmonary disease (COPD) (rs11549465 (Putra et al., 2011a; Putra et al., 2011b)). 

Moreover, HIF1A SNPs were shown to be involved in metabolic disorders such as: 

diabetic nephropathy (rs11549465 (Gu et al., 2012)), which is a result of longstanding 

diabetes mellitus type 1 (T1DM) (rs11549465 (Nagy et al., 2009)), and type 2 (T2DM) 

(rs11549465 (Nagy et al., 2009; Yamada et al., 2005), rs12434438 (Yamada et al., 

2005), and rs1319462 (Yamada et al., 2005)). About half of HIF1A SNPs genotyped to 

date are intronic (13/30), however according to the Ensembl none of them is defined as 

a splice region variant. Our predictions also showed that coding genotyped HIF1A SNPs 

(9/30) may affect the HIF1A stability or its function as TF. 

 

4.1.1.1 Re-opposing results observed in HIF1A association studies  

In the group of SNPs for which variable associations were observed, rs1957757 showed 

an association with limited exercise duration in adults (Sarzynski et al., 2010), but no 

involvement with prostate cancer or systematic sclerosis (Jacobs et al., 2008; Wipff et 

al., 2009). Likewise, rs41508050 was associated with CAD with stable exertional 

angina (Hlatky et al., 2007), but not with lung cancer (Konac et al., 2009), and 

rs199775054 involvement was confirmed in hepatocellular cancer occurrence, while no 

such association was seen in other cancers like: CRC, gastric, breast, lung cancer or 

acute leukemia (Park et al., 2009).  

Meta-analysis nsSNP within ODD domain concluded that rs11549465 has its role in 

appearance of female specific cancers (Zhao et al., 2009). Most often rs11549465 was 
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tested to determine potential functional role in cancers like: prostate, oral, breast cancer, 

and CRC. Moreover, many studies, where they were testing rs11549465, presented 

opposing results of association with prostate (+ (Chau et al., 2005; Foley et al., 2009; Fu 

et al., 2005; Jacobs et al., 2008; Orr-Urtreger et al., 2007) vs. − (Li et al., 2007)), oral (+ 

(Chen et al., 2009) vs. − (Munoz-Guerra et al., 2009; Shieh et al., 2010)), endometrial (+ 

(Konac et al., 2007) vs. − (Horree et al., 2008)), breast (+ (Kim et al., 2008; Lee et al., 

2008; Naidu et al., 2009) vs. − (Apaydin et al., 2008; Vleugel et al., 2005; Zagouri et al., 

2012)), lung (+ (Koukourakis et al., 2006) vs. − (Konac et al., 2009; Kuo et al., 2012)), 

renal (+ (Ollerenshaw et al., 2004) vs. − (Morris et al., 2009; Qin et al., 2011)), and 

CRC (+ (Fransen et al., 2006; Kang et al., 2011; Kuwai et al., 2004) vs. − (Knechtel et 

al., 2010; Szkandera et al., 2010)). Associations were confirmed for glioma cancer (Xu 

et al., 2011), pancreatic cancer (Ruiz-Tovar et al., 2012), esophageal (Ling et al., 2005) 

and head & neck squamous cell carcinoma (Tanimoto et al., 2003). Other non-

cancerous phenotypes were also tested with rs11549465 effect on athlete performance 

capability (grater gains in endurance training, muscle activity effect, O2-consumption), 

diabetes (T1DM and T2DM), CAD with stable exertional angina, erythrocytosis, pre-

eclampsia, and also an effect on cellulite appearance etc. Similarly, opposing 

associations were observed with the second nsSNP within ODD domain, rs11549467 

(G>A), and breast cancer (+ (Zhao et al., 2009) vs. − (Apaydin et al., 2008; Kim et al., 

2008; Naidu et al., 2009)), CRC (+ (Fransen et al., 2006) vs. − (Knechtel et al., 2010; 

Szkandera et al., 2010), oral squamous cell carcinoma (OSCC) (+ (Chen et al., 2009; 

Munoz-Guerra et al., 2009) vs. − (Shieh et al., 2010)) and renal cell carcinoma (RCC) 

(+ (Ollerenshaw et al., 2004) vs. − (Morris et al., 2009; Qin et al., 2011)). Lung, 

prostate, ovarian and bladder cancer tested showed no relationship with rs11549467, 

while head & neck squamous cell carcinoma, gastric, pancreatic, hepatocellular cancer 

and susceptibility to COPD were apparently related with analyzed rs11549467. Other 

SNPs were associated as following: rs2057482 within 3’-UTR was associated with 

idiopathic osteonecrosis of the femoral head in men (Hong et al., 2007), intronic SNP 

rs10873142 (intron 8) was linked to CAD (Hlatky et al., 2007) and idiopathic 

osteonecrosis of the femoral head (Hong et al., 2007), while rs10645014 (intron 13) was 

associated with non-small cell lung carcinomas (Koukourakis et al., 2006) and possible 

adaptation to living at high altitude (Suzuki et al., 2003).  

  



Ferdin J. Influence of hypoxia on expression of ultraconserved genomic regions in tumor tissue.  

  Doctoral dissertation. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, 2013 

 

 

54 

 

4.1.2 Transcription factor and miRNA binding site analysis 

We investigated if HIF1A SNPs either create new or delete existing TF and miRNA 

binding sites, through which the stability or transcription of mRNA could be affected. 

Therefore, in addition to previously published TF and miRNA interactions with HIF1A, 

we performed predictions if TF and miRNA binding sites overlap with HIF1A SNPs 

tested in human genotype-phenotype association studies. 

 

4.1.2.1 Transcription factor binding site analysis  

To elucidate HIF1A regulation by TF, we integrated an existing knowledge of TFBS 

upstream or nearby HIF1A TSS and also performed bioinformatics predictions if 5’-

flanking HIF1A SNPs affect gain/loss of TFBSs. Literature search related to TFs 

regulating HIF1A mRNA (SP1 (Minet et al., 1999), NFKB1/RELA (Belaiba et al., 

2007) and EGR1 (Sperandio et al., 2009)) and extraction of validated TFBS from the 

ENCODE project ChIP-seq data showed that 62 TFBSs locate nearby HIF1A TSS (-654 

bp and +1073 bp) (ANNEX H). Four out of five SNPs located within 5’ upstream 

HIF1A region were previously associated with phenotypes tested in association studies. 

However, polymorphism rs41362550, whose functional effect is not known, was the 

only one overlapping with TFBSs (42/62). Additionally, bioinformatics prediction 

showed that four of five SNPs were predicted to be accountable for gain/loss of six 

TFBSs: rs2783778 (for TAL1 and TCF3), rs1535679 (for FOXC1), rs25708675 (for 

FOXA1 and FOXI1), and rs41362550 (for HNF4A) (Figure 11 and ANNEX I).  
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Figure legend: FOXA1, forkhead box A1; FOXC1, forkhead box C1; FOXI1 (forkhead box I1); HNF4A, 

hepatocyte nuclear factor 4, alpha; TCF3, transcription factor 3 (E2A immunoglobulin enhancer binding 

factors E12/E47); TAL1, T-cell acute lymphocytic leukemia 1; kb, kilobase; bp, base pair; TSS, 

transcription start site. 

Figure 11: HIF1A SNPs within 5’-region affecting gain/loss of transcription factor binding sites. Overlap 

between experimentally confirmed (UCSC) and in silico predicted TFBS (TRANSFAC) 

Slika 11: Vpliv HIF1A SNP-jev v 5’-regiji gena na pridobitev/izgubo vezavnih mest za transkripcijske 

dejavnike. Prekrivanje eksperimentalno potrjenih (UCSC) in računalniško predvidenih (TRANSFAC) 

vezavnih mest za transkripcijske dejavnike 

 

4.1.2.2 MicroRNA target site analysis 

Our literature review revealed that HIF1A expression was previously validated to be 

regulated by miRNAs and by now miR-20b (Cascio et al., 2010; Lei et al., 2009), miR-

199a (Rane et al., 2009; Rane et al., 2010), miR-519c (Cha et al., 2010), miR-155 

(Bruning et al., 2011), and cluster miR-17-92 (Taguchi et al., 2008; Yan et al., 2009) 

were experimentally confirmed to target HIF1A and regulate its expression using 

various assays including luciferase reporter assay, western blot, ELISA, ChIP, 

microarray, RT-qPCR, or northern blot, but however, some miRNAs were also 

validated to be regulated by HIF1A; miR-17 (He et al., 2013), miR-20a (He et al., 
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2013), miR-210 (Crosby et al., 2009b; Kelly et al., 2011; Kulshreshtha et al., 2007), 

miR-372 (Loayza-Puch et al., 2010) and miR-373 (Crosby et al., 2009b; Loayza-Puch et 

al., 2010)) (Figure 12A). In previous studies, 3’-UTR of HIF1A was tested for miRNA 

interactions and none of to date validated miRNAs target sites overlapped with tested 

HIF1A SNPs within 3’-UTR. However, the standard ‘‘dogma’’ that miRNAs bind to a 

site in the 3'-UTR of a gene has been extended with observations that in addition to 3’-

UTR, miRNAs also bind to promoter region, 5’-UTR, and coding regions (reviewed in 

(Kunej et al., 2012)). Thus, we examined if putative miRNA binding sites overlap with 

17 non-intronic HIF1A SNPs genotyped in human association studies: five SNPs within 

5’-flanking region, nine exonic SNPs, and three SNPs in 3’-flanking region. The 

prediction analysis resulted in gain/loss of miRNA-target sites, which belonged to 150 

unique human mature miRNAs. In the Figure 12B SNP location complementary to 

miRNA seed region (left) and complementary to mature miRNA region outside of seed 

(miRNA mature ∆ seed) (right) is presented. Effects of 17 HIF1A SNPs on gain/loss 

(miRNA names in red/blue) of putative miRNAs target sites are presented in (Figure 

12C). Each graph is presenting alteration of putative miRNA binding sites due to 

miRNA overlapping SNP with seed region (white box) or mature region excluding seed 

(grey box). Allele variant of a SNP within seed region is predicted to effect binding of 

miRNAs written under each graph. Due to SNPs located within HIF1A target region 

complementary to miRNA seed region (first 2-7 nt of mature miRNA) 28/35 miRNA-

target sites were gained/lost (Figure 12C). Our prediction analysis suggested that HIF1A 

SNPs are involved in gain/loss of miRNA-target sites located within exonic, 3’-, and 5’-

UTR regions (Figure 12C and Figure 12D). In the Figure 12D a detailed presentation of 

three examples from the Figure 12C is presented. Among miRNAs with gained/lost 

binding sites miR-23a and -23b were previously described as HRMs (Figure 12C) 

(Kulshreshtha et al., 2007). Our prediction analysis showed that these two miRNAs 

were predicted to lose binding site due to SNP p.Val116Glu within ARNT (PAS) 

binding domain in exon 3. This HIF1A SNP is of interest for further investigations, 

since HIF1A is functional as transcriptional regulator only when dimerized with ARNT.  

 

 

(A) 
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Figure legend: “e”, exon; UTR, untranslated region; CDS, coding DNA sequence; ODD domain, O2-

dependent degradation domain; broken line, location of SNPs within noncoding region; continual line, 

location within of SNPs within coding region; miRNA target gain/loss due to SNP within coding-

sequence (blue frame) and 3’-UTR (violet frame) of a gene. 

Figure 12: Known and putative miRNAs::HIF1A interactions involved in HIF1A regulatory network 

Slike 12: Znane in predvidene interakcije miRNA::HIF1A vpletene v regulatorno mrežo HIF1A 

  

(D) 



Ferdin J. Influence of hypoxia on expression of ultraconserved genomic regions in tumor tissue.  

  Doctoral dissertation. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, 2013 

 

 

59 

 

4.1.2.3 Prioritization of miRNAs predicted to target HIF1A for further studies 

MicroRNAs were proved to be involved in cancer development and progression (Calin 

and Croce, 2006; Esquela-Kerscher and Slack, 2006). Their profiling in various cancer 

tissues is used to characterize diversified solid tumors. A plethora of published studies 

have reported differences in miRNA profiles of cancer cells. In the review, Ferdin et al. 

(2010), we discussed a general mechanism of miRNA function and how their function 

is affected by cytogenetic alterations. We identified genomic regions containing 

deregulated or epigenetically regulated miRNAs in cancer, since regions frequently 

deleted or amplified in cancer often code for miRNA. A PubMed database search for 

expression studies linking miRNA genes with cancer development (ANNEX J) revealed 

clusters of as few as three miRNAs that had been previously associated with cancer in 

several expression studies (ANNEX M with a list of studies in ANNEX N) (Ferdin et 

al., 2011). The genomic locations most frequently associated with cancer were 

distributed among all chromosomes but more often among seven separate chromosomes 

presented in ANNEX M (some with two locations per chromosome: 4q25, 7q32.2, 

9q22.32, 13q31.3, 14q32.2 and 14q32.13, 19p13.13 and 19q13.42, Xq26.2 and Xq27.3). 

Besides we identified that many epigenetically regulated miRNAs genes were located 

on the long arms of chromosomes 1, 7, 11, 14, and 19 (Kunej et al., 2011).  

 

In order to identify which miRNAs can potentially be upstream regulators of HIF1A, in 

addition to validated ones (Figure 13), we prioritized the list of 150 miRNA obtained 

from the prediction analysis of miRNA::HIF1A interactions according to ours and 

others publication overviews about miRNA deregulated in cancer and hypoxia 

environment. Therefore, we used the list of miRNAs that were previously reported as 

up- or downregulated in different types of cancer tissue or cells (ANNEX J, ANNEX K 

and ANNEX L) (Ferdin et al., 2010), the list of miRNAs proved to be epigenetically 

regulated in cancer (Kunej et al., 2011), and the list of miRNAs that are currently 

known as hypoxia regulated (Kulshreshtha et al., 2007; Nallamshetty et al., 2013).  

 

 
Figure 13: Involvement of miRNAs in HIF1A regulatory network in cancer 

Slika 13: Vpletenost miRNA v regulatorno mrežo HIF1A pri raku 
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The prioritization of 150 miRNAs predicted to target HIF1A using information obtained 

from the literature reviews revealed four miRNAs (miR-23b, miR-130a, miR-135a, and 

miR-200b), which were previously already identified as cancer deregulated, 

epigenetically regulated and deregulated in hypoxia (Figure 14). 

 

 
 

Figure 14: MicroRNAs predicted to be HIF1A-upstream regulators 

Slika 14: Mikro RNA, za katere je predvideno, da uravnavajo izražanje gena HIF1A 

 

4.1.3 Pathway enrichment analysis of HIF1A downstream targets  

Literature mining revealed 274 experimentally validated direct HIF1A targets including 

268 protein-coding genes, five miRNA genes (miR-17 (He et al., 2013), miR-20a (He et 

al., 2013), miR-210 (Crosby et al., 2009b; Kelly et al., 2011; Kulshreshtha et al., 2007), 

miR-372 (Loayza-Puch et al., 2010), miR-373 (Crosby et al., 2009b; Loayza-Puch et al., 

2010)) and one T-UCR (uc.475 (Ferdin et al., 2013)). Pathway enrichment analysis, 

conducted by applying very stringent criteria (Bonferroni multiple test correction and P-

value significant threshold of 0.01), yielded the presence of 21 significant pathways 

associated with HIF1A targets (ANNEX O). The highest number of HIF1A targets was 

found in: diabetes pathways (N=27), metabolism of carbohydrates (N=25), and 

integration of energy metabolism (N=19). Pathway diagrams of glycolysis and of renal 

cell carcinoma with marked HIF1A targets are visualized in Figure 15. In Figure 15A 

modified BioCarta diagram of glycolysis in human is showing that all 10 pathway 

components are HIF1A targets, while in Figure 15B modified KEGG diagram of renal 

cell carcinoma in human is showing that out of 51 pathway components 13 are HIF1A 

targets. The rest of the genes from those pathways not yet shown to be HIF1A targets, 

present novel candidates to be regulated by HIF1 within promoter region or in protein-

protein interactions.  
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Figure 15: Two pathway diagrams containing known HIF1A targets 

Figure 15: Shema dveh bioloških poti, ki vsebujeta znane HIF1A tarče 

  

(B) 
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4.2 VALIDATION OF A NOVEL HIF1A TARGET 

In cancer environment level of O2 gets decreased by the depth and distance of blood 

flow in vessels. Previously studies showed that miRNA are among ncRNA already 

known to be regulated by low O2 levels. Kulshreshtha et al. (2007) performed study on 

cancer cell lines, breast and colon, and confirmed that a group of miRNAs (HRM, 

hypoxia regulated miRNAs) can be influenced by variety of hypoxic factors and were 

proved to decrease pro-apoptotic signaling in a hypoxic environment, suggesting an 

impact of these transcripts even on tumor formation (Kulshreshtha et al., 2007). 

Nevertheless, it has been suggested that HIF1A gives a big contribution to cancer cell 

line adaptation in hypoxia. Microarray assays on clinical CRC samples revealed altered 

expression not only for miRNAs but also for T-UCRs (Calin et al., 2007; Ferdin et al., 

2013). Consecutively our idea was to analyze if hypoxia and their factors influence on 

expression of T-UCRs.  

 

Whereas ultraconserved sequences appear to act as tissue-specific regulators of gene 

expression during development (Bejerano et al., 2004b; Mattick, 2009; Pennacchio et 

al., 2006), very little, if anything, is currently understood about the mechanisms 

underlying the cancer-associated profile alterations of the T-UCR. To address this 

limitation, we hypothesized that decreased oxygenation contributes to the deregulation 

of specific T-UCRs in cancer, pursuing a similar rationale to the original work of 

Kulshreshtha et al. on hypoxia-regulated miRNAs (Kulshreshtha et al., 2007). They 

initiated the search by exposing several cancer cell lines to low O2 followed by 

quantification of changes in miRNA expressions versus normoxic controls using a 

genome-wide microarray profiling, while we initiated our study from the genome wide 

expression profiles of T-UCRs obtained from CRC samples. Subsequently, we 

interrogated the contribution of HIF activity to the upregulation of a set of hypoxia-

induced noncoding ultraconserved transcripts (HINCUTs). Finally, the leading 

candidate of this group was functionally dissected in detail. 

 

4.2.1 T-UCR-expression changes under hypoxic conditions in malignant cells 

We re-interrogated previous microarray data (Array Expression accession: E-TABM-

184) obtained from CRC samples (78 CRCs compared with 21 normal colonic 

mucosas) (Calin et al., 2007) to identify overexpressed T-UCRs in CRC that could be 

potentially induced by hypoxia (for a detailed workflow, see Figure 16). The same type 

of microarrays was used for the discovery of hypoxia-induced miRNAs (Kulshreshtha 

et al., 2007). We identified 61 T-UCRs that had a significantly (P-value < 0.05 Welch t-

test with Benjamini-Hochberg correction) altered expression in CRC when compared 

with normal colon tissue (59 overexpressed and two with lower expression). Twenty-
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seven T-UCRs were upregulated compared with normal colonic mucosa at a more 

stringent P-value < 0.005 and further analyzed (ANNEX A). 

 

 

Figure 16: Workflow of the molecular genetic part of the study 

Slika 16: Potek molekularno-genetskega dela raziskave 

 

In order to validate the microarray data, we exposed two cancer cell lines (HCT-116 

CRC and MCF-7 breast cancer cells) to 1% O2 or 500 µM DMOG - a widely used 

hypoxia mimetic - for 24 and 48 h and measured T-UCR expressions using RT-qPCR. 

Comparisons were performed with normoxic controls (21% O2) or 0.5% DMSO, 

respectively. We identified a set of T-UCRs (uc.63, uc.73, uc.106, uc.134, and uc.475) 

that was induced more than two-fold (P-value < 0.05 by Student’s t-test) after 48 h both 
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of hypoxia and DMOG exposures (Table 4 and Figure 17A). The RT-qPCR was used 

for confirmation of the T-UCR-expression induction in HCT-116 colon cancer cells and 

hypoxia-simulation conditions by DMOG in the MCF-7 breast cancer cell line. The T-

UCR expression was normalized versus normal conditions, which was normoxia in 

HCT-116 and DMSO in MCF-7.  

 

Table 4: Genomic information for the five HINCUTs identified in the present study and their differential 

expression in two cancer cell lines 

Tabela 4: Genomske informacije petih prepisov HINCUT identificiranih v raziskavi in njihovo 

spremenjeno izražanje v dveh celičnih linijah raka 

T-UCR 
Genomic 

location 
Symbol of the host gene 

Gene 

location 

Host gene 

orientation* 

Length 

(nt) 

HCT-116 

HYP/NORM 

(48 h) ** 

MCF-7 

DMOG/DMSO 

(48 h) ** 

uc.475+ Xq13.1 

OGT  

(O-linked N-

acetylglucosamine 

(GlcNAc) transferase) 

intron 4 S 397 2.02 2.30 

uc.63+/+A 2p15 
XPO1  

(Exportin 1) 
intron 3 AS  278 2.51 2.11 

uc.73+A 2q22.3 

GTDC1 

(Glycosyltransferase-like 

domain containing 1) 

intron 6 AS  201 2.56 2.05 

uc.106+ 2q31.1 
OLA1 

(Obg-like ATPase 1) 
intron 4 AS  206 2.07 2.51 

uc.134+A 3q25.32 

RSRC1  

(Arginine/serine-rich coiled-

coil 1) 

intron 7 S  211 2.01 2.28 

* Host gene orientation is reported versus HINCUT orientation considered as reference. Location data are 

according to the UCSC genome browser (assembly GRCh37/hg19). Host gene names are according to the 

HUGO nomenclature. AS or +A = antisense; S or + = sense; nt - nucleotide; we used the same names for 

the T-UCRs as for the microarray probes found in E-TABM-184.  

** Fold change of T-UCR expressions in hypoxia/hypoxia mimics compared to normoxia/normal 

conditions. 

 

All of these transcripts were predominantly present in the nucleus, as identified by 

nuclear and cytoplasmic fractionation experiments performed on HCT-116 cell lines 

(Figure 18). Robust activation of hypoxia signaling was confirmed by HIF1A (or 

HIF2A) protein overexpression with HIF1A (or HIF2A) specific antibodies (Figure 17A 

and B) and CA9 (data not shown) or hsa-miR-210 (Figure 19) gene expression levels, 

which are all well-established coding and noncoding HIF targets, respectively 

(Kulshreshtha et al., 2007). Henceforth, these T-UCRs will be referred to as HINCUTs; 

their functional dissection under low O2 conditions is described below. 
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Figure legends: Error bars on the graphs indicate the standard deviation from two sample duplicates. * P-

value < 0.05, ** P-value < 0.01, *** P-value < 0.001.  

Figure 17: T-UCR expression induction by hypoxia 

Slika 17: S hipoksijo inducirano izražanje T-UCR 
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Figure legend: mean + SD (standard deviation). * P-value < 0.05, ** P-value < 0.01, *** P-value < 

0.001. T-UCR expression in nuclear compared to cytoplasmic fractions was normalized with U6 snRNA 

(nuclear) or PPIA (cytoplasmic) for expression in nuclear or cytoplasmic fractions, respectively. 

Figure 18: Comparison of T-UCR expression in the nucleus and in the cytoplasm 

Slika 18: Primerjava izražanja T-UCR v jedru in v citoplazmi 

 

hsa-miR-210 expression at 48 h
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Figure legend: miR, microRNA; U6 snRNA as a reference gene.*** P-value < 0.001; ** P-value < 0.01;* 

P-value < 0.05; # P-value = 0.05. Expression was normalized to baseline conditions (normoxia or 

DMSO) 

Figure 19: Expression of hsa-miR-210 in cancer cell lines after 48 h of exposure to hypoxia or hypoxia 

mimics 

Slika 19: Izražanje hsa-miR-210 v različnih celičnih linijah raka po 48-urni izpostavljenosti hipoksiji ali 

posnemovalcu hipoksije, DMOG 
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4.2.2 Evidence for HIF as HINCUT’s regulator 

The effect of DMOG on the expression of HINCUTs suggests a central role for HIFs as 

an upstream regulator. To further address the role of HIF, we used the RCC cell line 

786-O, which exhibits homozygous inactivation of the tumor suppressor gene VHL, the 

well-established E3 ubiquitin ligase for all HIF family members. Cells 786-O exhibit 

constitutive activation of the HIF pathway (Xu et al., 2012) including normoxic 

overexpression of classic hypoxia-inducible genes, such as CA9 or hsa-miR-210. We 

hypothesized that HIF2A-induced T-UCR expression would have a similar pattern. To 

this end, when we compared normoxic 786-O cells expressing an empty vector with 

cells expressing wild type VHL to restore the defects, and consistent with being bona 

fide HIF2A targets, all HINCUTs were upregulated at least 1.5-fold in the VHL-

deficient cell line (VHL −) compared with VHL-restored (VHL +) cells (Figure 17B). 

Furthermore, time course experiments in hypoxic models revealed that uc.475 was the 

most consistently induced at two different time points (Figure 20).  
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Figure legend: * P-value < 0.05, ** P-value < 0.01, *** P-value < 0.001. 

Figure 20: Expression of uc.475 after exposure to hypoxia or hypoxia mimics, DMOG, compare to 

exposure to normoxia or DMSO 

Slika 20: Izražanje uc.475 po izpostavitvi hipoksiji ali posnemovalcu hipoksije, DMOG, v primerjavi z 

izpostavitvijo normoksiji ali DMSO 

 

As no T-UCR promoter has been characterized to date, we performed an in silico search 

for HIF-binding sites within the 15-kb genomic region surrounding HINCUTs. For 

uc.63, uc.73, uc.134, and uc.475, we found multiple putative HIF-binding sites per UCR 
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(ANNEX D). However, only T-UCRs with yet unknown functional role and more than 

one binding sites identified were further included in these studies. Thus, in the uc.63 

promoter region, we identified three candidate HIF-binding sites: Q3_uc.63A 5’-

GGCAACGTGCATG-3’ (63A.1), Q3_uc.63A 5’-GAGTGCGTGCTCCT-3’ (63A.2), 

and Q6_uc.63A 5’-CGCGTGTGC-3’ (63A.3); whereas for uc.475 the following three 

candidate sites were found: Q3_uc.475 5’-GCTCGCATGCGCGG-3’ (475.1) and two in 

close proximity to each other, Q5_uc.475 5’-CACACGTGCGCG-3’ and Q6_uc.475 5’-

CACGTGCGC-3’ (475.2) (Figure 21). 

 

To further substantiate the role of HIF in the regulation of uc.475 and uc.63, we 

performed ChIP of HIF1A in MCF-7 cells under normoxic conditions or following 

treatment with the hypoxia mimetic, DMOG. We amplified genomic regions with HIF-

interacting sites (HRE) presented on the genome graphic, using specific primers for 

pointed locations. We confirmed direct recruitment of endogenous HIF1A at the 

promoters of uc.63 (data not shown) and uc.475, which was more evident during 

hypoxic conditions (Figure 21; genomic regions from UCSC Genome Browser; 

NCBI36/hg18). For each ChIP reaction, we used the promoter of CA9, a well-

characterized HIF target, as the positive control and hemoglobin beta (HBB) as the 

negative control. The ChIP figures are inverted for a better view of expression 

induction. 

 

 

Figure legend: NC, negative control; HBB, hemoglobin beta, which is supposed to be transcriptional 

inactive; and carbonic anhydrase IX (CA9), which was used as a positive control in the ChIP experiment. 

Figure 21: Confirmation of a direct association between HIF and T-UCR using ChIP assay 

Slika 21: Potrditev neposredne povezave med proteinom HIF in T-UCR z uporabo metode ChIP 

 

We further confirmed the transcriptional activation of uc.475 by hypoxia and HIF1A 

using promoter fragments subcloned into the pGL4-10 (luc2) basic expression vector. 

These constructs were co-expressed with pRL-TK (Renilla) control vector and 

constitutively active HIF1A constructs (pcDNA 3.1-HIF1A P/A (proline/alanine 

mutant) and pcDNA 3.1-HIF1A 3M (proline/alanine/asparagine mutant) (Ivan et al., 

2001)) in two CRC cell lines, HCT-116 and HT-29 cells (Figure 22). We found that 
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hypoxia and the active HIF1As induced an increase (up to five-fold) in luciferase 

activity (Figure 22), which was correlated with the uc.475 expression in these cells 

(Figure 24). In contrast, luciferase activity of the mutant clones that lack the HIF1A-

binding sites (PT1 and PT2) was significantly reduced (Figure 23) (P-value < 0.005), 

suggesting that the two predicted binding sites are functional HIF-recognition sites that 

mediate hypoxia effects on uc.475 transcription.  

 

 

Figure legend: The error bars represent the standard deviation from two independent experiments; each 

performed in triplicate and measured in duplicate with a luciferase assay. WT, wild type; HYP, hypoxia; 

*** P-value < 0.001 compared with luciferase activity of an empty vector. 

Figure 22: The direct effect of HIF on the uc.475 promoter reporter construct 

Slika 22: Neposreden vpliv HIF na reporterski konstrukt s promotorjem uc.475 
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Figure legend: WT, wild type; PT1, truncated promoter 1; PT2, truncated promoter 2. Filled circles show 

the position of the HIF-A-predicted binding site. *** P-value < 0.001 compared with luciferase activity 

of an empty vector. 

Figure 23: Luciferase activity in HCT-116 and HT-29 cells measured after transfection with truncated 

promoter reporter constructs (PT1 and PT2). These constructs had a complete deletion of the HIF1A-

binding sites that were present in the originally designed uc.475 promoter reporter construct (WT) 

Slika 23: Luciferazna aktivnost v HCT-116 in HT-29 celicah izmerjena po transfekciji s spremenjenima 

promoter-reporterskima konstruktoma (PT1 in PT 2). Konstrukti so imeli popolno delecijo vezavnih mest 

za HIF1A, ki so bili prisotni v prvotno izdelanemu uc.475 promotor-reporteskemu konstruktu (WT) 

 

4.2.3 Biological effects of uc.475 downregulation 

To determine the biological significance of HINCUTs, we performed knockdown 

experiments for uc.63 and uc.475 using custom-designed siRNAs and found that these 

effected cell proliferation using the general strategy described initially for uc.73 (Calin 

et al., 2007). Small interfering RNA (siRNA)-specific oligonucleotides for HINCUTs 

were designed after evaluating by strand-specific RT-qPCR if the sense or antisense 

transcript was transcribed at higher levels (Figure 24 and Figure 25). The uc.63 was 

identified to be expressed in genomic antisense orientation (the antisense transcript 

being expressed at 26.46 to 27.97 Cq, while the sense transcript was practically absent, 

Cq values of 33.08 to 36.15) in both 786-O cells and MCF-7 cells. The uc.475 was 16-

times more expressed in the genomic sense orientation (Cq of 24.64 to 27.09 cycles) 

than antisense orientation (Cq of 30.92 to 33.08) in 786-O and MCF-7 cells. Therefore, 

the siRNAs we designed targeted the predominant form of each T-UCR. 
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The cell lines with the highest expressions of selected T-UCR were used for gene 

silencing experiments with siRNA; COLO-205 for uc.63 and HT-29 for uc.475. No 

major biological effect on the dynamic of COLO-205 culture was identified for uc.63 

(Figure 26B), where cell line proliferation transfected with siRNA-uc.63A (2) was 

compared with siRNA-NEG as negative control or untransfected cell line. Henceforth, 

we focused our efforts on uc.475, which primary transcript has the same orientation as 

its host gene, O-linked N-acetylglucosamine (GlcNAc) transferase (OGT) (Figure 25).  
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Figure legend: * P-value < 0.05. 

Figure 24: Uc.475 and uc.63 expression in colon cancer cell lines 

Slika 24: Izražanje uc.475 in uc.63 v celičnih linijah raka debelega črevesja 

Figure legend: RFU, relative fluorescence units. 

Figure 25: Strand-specific RT-qPCR expression profile of uc.63 and uc.475 transcripts 

Slika 25: Verižno specifičen RT-qPCR profil izražanja prepisov uc.63 in uc.475 
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The effect of uc.475 downregulation on cell survival was tested in HT-29 cells under 

hypoxic and normoxic conditions. Again these cells were chosen based on their high 

endogenous uc.475 expression level, where the average of five normal colonic mucosa 

samples was used as a reference of normal T-UCR expressions (Figure 24). We 

employed a custom-designed pool of siRNAs to knockdown uc.475; each of the three 

siRNAs tested to be efficient to reduce a basal expression of uc.475 by more than 65% 

as confirmed by RT-qPCR (Figure 26A, Figure 27 and ANNEX C). Gene expressions 

were normalized against siRNA-NEG samples. T-UCR (uc.475) specific location to 

human genome (UCSC; GRCh/hg19) is presented in Figure 27 and is including 

visualization of siRNAs targeting host gene and T-UCR, respectively.  
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Figure legend: GAPDH, reference gene; COLO-205 and HT-29, colorectal cancer cell lines. 

Figure 26: SiRNA-uc.475 and siRNA-uc.63A testing for silencing effect (Figure 26A) and cell 

proliferation effects of siRNA-uc.63A (Figure 26B) 

Figure 26: Testiranje siRNA-uc.475 in siRNA-uc.63A na učinkovitost utišanja (Slika 26A) in vpliv 

siRNA-63A na proliferacijo celic (Slika 26B) 

(A) 

(B) 
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siRNA-OGT 

 
siRNA-uc.475 

 
 

Figure legend: *- control siRNA for OGT silencing experiments was designed on intron 12. 

Figure 27: SiRNA-uc.475 and siRNA-OGT overlaying human OGT 

Slika 27: Prileganje siRNA-uc.475 in siRNA-OGT regijam gena OGT pri človeku 

 

Under normoxic conditions, downregulation of uc.475 by using a pool of three siRNAs 

against uc.475 (siRNA-uc.475) had no significant impact on the total cell number 

versus control (siRNA-NEG) cells for up to 120 h (Figure 28A). In contrast, under 

hypoxic conditions (1% O2), uc.475 knockdown significantly decreased cell 

proliferation (Figure 28B). Three independent experiments were performed and as 

control scrambled siRNA sequence, siRNA-NEG, was used. This effect was not the 

result of increased apoptosis, as poly ADP-ribose polymerase (PARP), a critical 

component of programmed cell death, remained uncleaved (data not shown). Instead, 

through the analysis of the cell cycle, by fluorescence-activated cell sorting (FACS), we 

observed that uc.475 knockdown under hypoxic condition enriched the G2/M fraction 

greater than two-fold at 72 and 96 h (from 10.3 and 8.2% with the negative control to 

21.7 and 18.8% with siRNA, respectively), suggesting a G2/M blockade (Figure 29).  

 

* 
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Figure legend: * P-value < 0.05, ** P-value < 0.01, *** P-value < 0.001. 

Figure 28: Uc.475 biological significance under normoxia and hypoxia 

Slike 28: Biološki pomen uc.475 v normoksiji in hipoksiji 

 

On the contrary, no similar consistent variations in the percentage of cells in the various 

phases of the cell cycle under normoxic conditions were identified (Figure 29). 

Percentage on graphs presents average of two independent biological experiments. 

Effects of siRNA-uc.475 were compared to cell line transfected with siRNA-NEG as 

the negative control. The OGT protein expression in HT-29 cell line was measured after 

transfection with either siRNA-NEG or siRNA-uc.475 and 72 and 96 h incubation in 

normoxia and hypoxia. Protein specific bands were normalized to beta-actin or vinculin. 

The induction of the hypoxic marker, CA9, was evaluated as hypoxia specific marker 

(Figure 30).  
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Figure legend: Error bars on graphs present the percentage of cells in different stages of the cell cycle. * 

P-value < 0.05, ** P-value < 0.01. 

Figure 29: Cell cycle analysis by flow cytometry (FACS) of cells after uc.475 silencing in normoxia (left) 

and hypoxia (right) 

Slika 29: Analiza celičnega cikla s pretočno citometrijo (FACS) po utišanju regije uc.475 v okolju 

normoksije (na sliki levo) in hipoksije (na sliki desno) 
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Figure 30: Expression analysis of OGT and CA9 proteins after silencing with siRNAs-uc.475 

Slika 30: Analiza izražanja proteinov OGT in CA9 po utišanju s siRNAs-uc.475 

 

Cell cycle distribution was also checked after treatment with siRNA against OGT 

(ANNEX C and Figure 27) under normoxia and hypoxia, and only minimal effects on 

cell cycle progression were observed (Figure 31). Small interfering RNA (siRNA) 

silencing OGT transcripts as a host gene of uc.475 were designed on the opposite site of 

uc.475 location within OGT (Figure 27). 
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Figure legend: Error bars on graphs present the percentage of cells in different stages of the cell cycle. 

Figure 31: Cell cycle analysis by flow cytometry (FACS) of cells after OGT silencing in normoxia (left) 

and hypoxia (right) 

Figure 31: Analiza celičnega cikla s pretočno citometrijo (FACS) po utišanju gena OGT v normoksiji (na 

sliki levo) in hipoksiji (na sliki desno) 

HT-29 
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To exclude the possibility that siRNA against uc.475 downregulates pre-mRNA of OGT 

and leads to a phenotypic effects, we designed another siRNA targeting another intron 

of OGT. We selected intron 12 to knockdown the pre-mRNA, as this siRNA exhibited 

the highest efficiency among several siRNAs we have designed. As a result, although 

OGT protein expression was moderately downregulated by OGT-intron 12 knockdown, 

more significant reduction was observed with uc.475 knockdown (Figure 32), and no 

proliferation inhibition or altered cell cycle distribution was observed after knockdown 

of OGT-intron 12 (Figure 33).  

 

 

Figure 32: Differences in OGT protein expression after treatment with different siRNAs 

Slika 32: Razlike v izražanju proteina OGT po tretiranju z različnimi siRNA 

 

RT-qPCR confirmations of a successful OGT pre-mRNA silencing (> 50%) in hypoxia 

by a single custom designed siRNA and the effect of uc.475 silencing on OGT pre-

mRNA expression is presented in Figure 33A. In Figure 33 (B and C) the effect of an 

OGT-intron 12 siRNA silencing in hypoxia and cell cycle analysis by flow cytometry 

(FACS) of cells after OGT pre-mRNA silencing in hypoxia is presented. These results 

indicate that the alteration of OGT expression and proliferation inhibition by uc.475 

knockdown is a distinct effect of the OGT pre-mRNA knockdown. 

 



Ferdin J. Influence of hypoxia on expression of ultraconserved genomic regions in tumor tissue.  

  Doctoral dissertation. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, 2013 

 

 

79 

 

Proliferation (HT-29, HYP)

G
ro

w
th

 c
u

rv
e
 (

1
0
E

6
 c

e
ll
s
 /

 m
l)

24 h 48 h 72 h 96 h 120 h
0.0

0.1

0.2

0.3

0.4

0.5

siRNA-NEG

siRNA-OGT-intron 12

Cell cycle (HT-29, HYP, 96 h)

P
e
rc

e
n

ta
g

e
 o

f 
c
e
ll
s

G1 S G2/M
0

20

40

60

80 siRNA-NEG

siRNA-OGT-intron 12

a

b

RT-qPCR siRNA
(HYP, 96 h)

R
a
ti

o
 t

o
 P

P
IA

(n
o

rm
a

liz
e

d
 t
o

 s
iR

N
A

-N
E

G
)

OGT pre-mRNA

0.00

0.25

0.50

0.75

1.00

1.25

1.50
siRNA-NEG

siRNA-OGT-intron 12

siRNA-uc.475

0.26

1.00
0.89

c

 

Figure 33: Biological effect of OGT silencing with siRNA-OGT-intron 12 

Slika 33: Biološki vpliv utišanja OGT s siRNA-OGT-intron 12 

 

4.2.4 OGT locus: a mix of OGT and HINCUT-1 transcripts 

As mentioned previously, and in line with earlier reports (Kreppel et al., 1997; Lubas et 

al., 1997; Nolte and Muller, 2002) the uc.475 sequence (396 bp in length) is found 

inside the fourth intron of the OGT gene (UCSC Genome browser; GRCh/hg19, Figure 

34). The OGT has two known isoforms (OGT-1 of 5497 bp and OGT-2 of 5467 bp) 

because of a splice site variant, which is known to encode proteins of 1046 or 1036 aa 

(116 and 103 kDa) respectively, and that catalyze polypeptide glycosylation by the 

addition of N-acetylglucosamine (O-GlcNAc) to serine and threonine residues (O-

GlcNAcylation) on many nuclear and cytosolic proteins (Nolte and Muller, 2002). 

Recently, this modification was proposed to be a new link between glucose metabolism 

and cancer growth and invasion in breast (Caldwell et al., 2010), colon and lung cancer 

types (Mi et al., 2011). In addition, OGT was found to be highly expressed in prostate 

cancer compared to the normal epithelium (Lynch et al., 2012). Taking into account the 

link between OGT and cancer, we hypothesized that this, at least in part, could be 

explained by the associated uc.475 transcript with a potential role as the regulator of its 

host gene expression during hypoxia.  
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Figure legend: The rounded rectangle represents region containing uc.475. Northern blot probes locations 

are indicated. The intron 4 region where uc.475 is located is zoomed in for better view of region of 

conservation in mammals. 

Figure 34: The genomic region of OGT from the UCSC Genome Browser with the known transcripts of 

OGT isoforms 1 and 2 

Slika 34: Genomska regija gena OGT iz genomskega brskalnika UCSC z znanimi prepisi OGT izooblik 1 

in 2 

 

By using a multiple-primer amplifications approach, we cloned a transcript of ~2.7 kb 

that included the uc.475 region but excluded the flanking OGT exons (Figure 35). In 

Figure 35A a scheme of cloning using the multiple primers amplification approach to 

define the length of T-UCRs is presented. Each column on a gel electrophoresis figure 

(Figure 35B and C) presents an approximate sum of primer “walking” distances 

subtracted from originally reported UCR length. Transcripts containing tested T-UCRs 

are indicated by arrows including with PCR products sizes. Complementary DNA on 

which we performed primer “walking” cloning was transcribed from RNA of MCF-7 

cell line exposed to 0.2% hypoxic conditions for 24 h. The same cDNA was used in RT-

qPCR analysis.  
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Figure legends: Primers for selected T-UCRs were designed on 3’ and 5’ side of each T-UCR at specific 

distances. “0 bp” represents the amplification of the originally reported UCR length: uc.63 = 278 bp (B) 

and uc.475 = 397 bp (C) (Bejerano et al., 2004b). The red arrow shows the presence of a weak band seen 

with UV-camera (Bio-Rad). 

Figure 35: Complementary DNA (cDNA) “walking” to identify uc.63 and uc.475 transcript lengths 

Slika 35: Pristop pomikanja začetnih oligonukleotidov po cDNA za določanje dolžine prepisov uc.63 in 

uc.475 

 

In contrast, amplification levels were much lower when primers in the “flanking” OGT 

exons (exons 4 and 5) and intron region containing uc.475 were used in combination; 

the OGT and uc.475 transcripts were 2-10 times more abundant than the amplicons 

obtained with the mixed combinations of primers between flanking sequences of uc.475 

and exons of OGT (Figure 36). However, RT-qPCR data are showing that the uc.475 

noncoding transcript and the coding OGT transcript are expressed at a similar level, 

whereas the “hybrid” amplicons between the intron and the two adjacent exons are 

barely expressed. Therefore, these data support two possibilities: a) the existence of an 

OGT-independent transcript that contains the fourth intron, or b) the existence of a 

primary transcript that contains both OGT and uc.475 but is further spliced into two 

transcripts, one noncoding (the intronic uc.475) and one coding (the OGT isoforms). 

(A) 

(B) C) 
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Figure 36: Transcripts produced at uc.475 genomic locus in an environment deprived of O2 and/or 

glucose 

Slika 36: Nastali prepisi genomskega lokusa uc.475 v okolju z znižano vsebnostjo O2 in/ali glukoze 

 

To further substantiate the tight link between OGT and uc.475, we performed 

experiments under stress conditions for which OGT function is relevant (Taylor et al., 

2008). As OGT-mediated O-GlcNAcylation is proportional to substrate (glucose) 

availability (Robinson et al., 1995), we performed experiments under glucose- as well 

as oxygen-deprivation (OGD experiments) − two tightly associated characteristics of 

the tumor microenvironment. In HT-29 cells, the expression of uc.475 and OGT mRNA 

significantly increased during 12 and 24 h of normoxia in glucose-free media. After 48-

h exposure under these conditions, the expression of both decreased dramatically to the 

same or lower level observed in hypoxia in the presence or absence of glucose (Figure 

37). These data show that the responses of uc.475 and OGT mRNA expression to O2 and 

glucose deprivation are similar.  

 

 

Figure 37: Glucose- and O2-deprivation effect on mRNA expression level of uc.475 and OGT 

Slika 37: Učinek pomanjkanja glukoze in O2 na raven izražanja uc.475 in OGT 
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In parallel, we attempted to visualize the sizes of the transcripts from this locus by using 

the northern blot analysis. This would allow us to determine whether uc.475 exists as an 

independent transcript, as only part of a hybrid transcript with OGT, or as both. We 

used RNA isolated from MCF-7 cells after exposure to hypoxia or normoxia for 24 h. 

Using a probe specific to uc.475 we identified two transcripts (~8 and ~9.5 kb) with 

higher expression under hypoxia in MCF-7 cells, whereas the OGT-coding region 

transcripts (4.2 kb long) had barely detectable signal (Figure 38, left). Hybridization 

with an OGT-specific probe detected two transcripts (1.7 and 4.2 kb) with similar 

intensity under both normoxia and hypoxia conditions (Figure 38, right). Transcript 

variants signals identified by northern blot assay in MCF-7 cells under normoxia and 

hypoxia are marked by arrows and visualized by a drawing (Figure 38, middle). The 

panel PPIA was used as a loading control. Therefore, we believe that uc.475 is the part 

of a larger OGT primary transcript, which retains intron four and which is expressed in 

a hypoxia-dependent manner. 

 

 

Figure 38: Uc.475-transcripts induction by hypoxia. Northern blot analysis of MCF-7 RNA identified 

transcripts of different sizes detected with uc.475 (left) or OGT probes (right) 

Slika 38: Indukcija prepisov uc.475 v hipoksiji. Analiza prenosa northern RNA MCF-7 je pokazala 

prepise različne velikosti določene s sondo za uc.475 (na sliki levo) ali sondo za OGT (na sliki desno) 

 

When we screened for potential open reading frames (ORFs) for OGT isoform 1 

(NM_181672.2) and isoform 2 (NM_181673.3), both isoforms are showing one single 

ORF in the length of 1046 and 1036 aa, respectively (Figure 39A). When we screened 

for potential ORFs in the “retained intron”, we detected no ORF > 100 bp (Figure 39B). 
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In addition, the 9-kb transcript was not predicted to encode for either of the two OGT 

isoforms, as the predicted ORF corresponds to 665 aa, potentially representing the 

smaller 78-kDa version of OGT reported recently (Butkinaree et al., 2010; Kreppel et 

al., 1997; Nolte and Muller, 2002) (Figure 39C). Moreover, we have searched for 

miRNAs and other putative ncRNAs in uc.475 region using UCSC database, in which 

current integrated RNA deep-sequencing experiment data (RNA-seq and miRNA-seq) 

are available, and found no annotated miRNAs or other ncRNAs to be located within 

the uc.475 region.  

 

Figure 39: Search for open reading frames (ORFs) within different OGT transcripts 

Slika 39: Iskanje odprtih bralnih okvirjev (ORF) v različnih prepisih OGT 

(A) 

(B) 

(C) 
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4.2.5 Uc.475 inhibition has an impact on OGT expression and function 

We first investigated whether OGT expression at RNA and protein level was affected 

by uc.475 knockdown in HT-29 cells. Expression of OGT mRNA levels was decreased 

by knocking down uc.475 in normoxia and hypoxia (Figure 40A), as well as of OGT 

protein levels, which was more evident in hypoxia (Figure 30). Silencing OGT with 

siRNAs (siRNA-OGT) resulted in decreased levels of uc.475 and OGT mRNA (Figure 

40B), and OGT protein expression (Figure 40C).  

 

 
 

 

Figure legend: Primers were designed to detect both OGT-1 and OGT-2 isoforms. A bar indicates 

standard deviation. UCR or uc, ultraconserved gene; OGT, O-linked N-acetylglucosamine (GlcNAc) 

transferase; siRNA, small interfering RNA; HT-29, colon cancer cell line; NOR, normoxia; HYP, 

hypoxia; PPIA, reference gene cyclophilin A; * P-value < 0.05, *** P-value < 0.001. Hypoxic conditions 

were confirmed by CA9 induction. Protein specific bands were normalized to beta-actin as a reference 

protein. 

Figure 40: Impacts of siRNA-uc.475 or siRNA-OGT on uc.475 or OGT mRNA level and OGT protein 

expression 

Slika 40: Vpliv siRNA-uc.475 ali siRNA-OGT na raven izražanja uc.475 ali OGT mRNA in proteina 

OGT 

(A) 

(B) (C) 
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Interestingly, and contrary to the mRNA, the OGT protein level does not increase in 

hypoxia, as evidenced by measurements performed in three different cell lines − HCT-

116 colon cancer, MCF-7 breast cancer and U-87 glioblastoma cells after 48 h exposure 

to hypoxia (1%) and normoxia (Figure 41). Moreover, OGT even decreases during 

prolonged (72 - 96 h) 1% O2 treatment (data not shown).  

 

 
Figure legend: CA9 and HIF1A were used as confirmation of hypoxic condition. Protein loading and 

expression was compared to Vinculin. 

Figure 41: OGT protein expression level is similar in normoxia and hypoxia 

Slika 41: Raven izražanja proteina OGT v normoksiji in hipoksiji je podobna 

 

To provide functional support for the impact of uc.475 downregulation on OGT 

function, we quantitated the O-GlcNAcylation rate following siRNA-mediated 

knockdown of the transcript containing the ultraconserved sequence. This was 

performed in HT-29 cells treated with different concentration of PUGNAc, an inhibitor 

of the N-acetylhexosaminidases (OGA or MGEA5) added in cell media (40 and 80 µM) 

in order to prevent the removal of O-GlcNAc from proteins (Dong and Hart, 1994). The 

O-GlcNAc protein levels were detected in samples exposed to normoxic or hypoxic 

conditions for 72 h or simultaneously transfected with siRNA targeting, either uc.475, 

OGT pre-mRNA or OGT. Downregulation of uc.475 led to a significant decrease in the 

global O-GlcNAcylation rate, an effect similar to treatment with siRNA-OGT (Figure 

42), whereas the inhibition of OGT protein and global O-GlcNAcylation was relatively 

modest after treatment with siRNA against OGT-intron 12, which targets OGT pre-

mRNA (Figure 43). All levels were compared with sample transfected with siRNA-

NEG.  
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Figure legend: siRNA against OGT pre-mRNA was designed to target OGT-intron 12. 

Figure 42: O-GlcNAcylation change after knocking down uc.475 or OGT gene 

Slika 42: Sprememba O-GlcNAcilacije po utišanju uc.475 ali gena OGT 
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Figure 43: Expression analysis by RT-qPCR after treatment of HT-29 cancer cell line with an inhibitor of 

N-acetylhexosaminidases, PUGNAc 

Slika 43: Analiza izražanja z RT-qPCR po tretiranju celične linije HT-29 z inhibitorjem N-

acetilheksominidaz, PUGNAc 
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4.2.6 The enhancer-like function of the DNA region containing uc.475 ncRNA 

It has been previously reported that ultraconserved regions can act as developmental 

enhancers; so we determined whether, in addition to having a transcriptional activity, 

the uc.475 could also have an enhancer function (Visel et al., 2008). For doing this, we 

used sequence-transcription stimulation by an adjacent heterologous promoter region as 

described in (Orom et al., 2010). The 2.7-kb long region (−1 kb upstream and +1.3 kb 

downstream of uc.475) (Figure 35) was subcloned into the pGL3 basic vector, primarily 

transformed by the thymidine kinase (TK) promoter insertion (pGL3-TK empty) 

(Figure 44A). This cloned insert revealed a 2-3-fold luciferase activity enhancement 

under normoxia and hypoxia, in U-87 cells (Figure 44B). These findings demonstrate 

that the uc.475 DNA region has also an enhancer activity both under hypoxic and 

normoxic conditions. 

 

 

Figure legend: Axis x represents the relative Firefly to Renilla luciferase activity, whereas y axis presents 

the plasmids. All measurements generated were normalized to the pGL3-TK empty vector. All data 

shown are the mean of two biological repetitions (at least eight luciferase measurements per experiment). 

*** P-value < 0.001. 

Figure 44: Testing cloned uc.475-containing region for enhancer activity 

Slika 44: Testiranje klonirane regije, ki vsebuje uc.475, za aktivnost ojačevalca 

(A) 

(B) 
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5 DISCUSSION 

5.1 ATLAS OF HIF1A GENE REGULATORY NETWORK 

Complete identification of HIF1A gene regulatory network is essential for 

understanding its regulation and its downstream target effects. Therefore, we developed 

an Atlas of HIF1A gene regulatory network to expand the understanding of cellular and 

systemic response to hypoxia. Previously analyzed HIF1A SNPs were associated with 

various phenotypes in human. Further, HIF1A SNPs were predicted to be involved in 

gain/loss of TF and miRNA binding sites, which could be a possible explanation for 

functional effect of analyzed HIF1A polymorphisms on HIF1A expression. 

Additionally, various biological pathways were found to be enriched with HIF1A target 

genes and potentially essential for cells to adapt and survive in hypoxia. In this study we 

developed an Atlas of HIF1A gene regulatory network, and additionally presented a 

general scheme to design an Atlas of regulatory network for any TF of interest (Figure 

45). Schematic presentation is showing bioinformatics tools and databases that can be 

used to obtain validated and predicted information about TF regulatory network. 
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Figure legend: TF, transcription factor; TSS, transcription start site, SNP, single nucleotide 

polymorphism; miRNA, microRNA; WoS, Web of Science; KEGG, Kyoto Encyclopedia of Genes and 

Genomes; PANTHER, Protein ANalysis THrough Evolutionary Relationships; TRANSFAC, 

TRANScription FACtor database; ChIP-seq, chromatin immunoprecipitation (ChIP) with massively 

parallel DNA sequencing. 

Figure 45: Atlas of TF regulatory network 

Slika 45: Atlas regulatorne mreže za TF 

 

5.1.1 HIF1A association with cancerous and non-cancerous phenotypes 

HIF1A was previously associated with various phenotypes and our literature review 

revealed that HIF1A variations were often associated with cancer, cardiovascular 

diseases, and performance. The review revealed that SNPs tested in association studies 

were in half of the cases associated with cancer (16/32 phenotypes). It is known that 

solid tumors frequently have low levels of O2. This can be a result of high cancer cell 

proliferation capability, which cause they outgrow their vascular network and 

consequentially limiting O2 diffusion within the tumor. Hypoxic stress might also be 

caused by perfusion defect as a result of abnormal tumor blood vessel structure and 

function (Majmundar et al., 2010). Consequentially, these events cause HIF1A to 

increase in solid tumors (Bertout et al., 2008), but its levels can additionally be 
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increased by HIF-independent pathways (Majmundar et al., 2010). HIF1A has a 

capability to directly reprogram the metabolic state in cells, which is important in 

hypoxic settings such as vascular disease and cancer (Majmundar et al., 2010). Thus, 

HIF1 in hypoxic cells regulates the transcription of many genes involved in key aspects 

of cancer biology, including immortalization, maintenance of stem cell pools, cellular 

differentiation, genetic instability, vascularization, metabolic reprogramming, autocrine 

growth factor signaling, invasion/metastasis, and treatment failure (Semenza, 2007a). In 

cancer HIF1A also often associates with poor clinical prognosis in many cancer types 

(Semenza, 2007a).  

 

An association of HIF1A with cardiovascular diseases is additional confirmation of 

HIF1A systemic effect. Cardiovascular diseases like atherosclerosis of tissues, such as 

heart, brain, and limb muscle, are known to be susceptible to ischemic injury (Beckman 

et al., 2002; Kett-White et al., 2002). Besides, myocardial ischemia is the most common 

cause of cardiac hypoxia in clinical medicine and it occurs when O2 delivery cannot 

meet myocardial metabolic requirements in the heart (Shohet and Garcia, 2007). The 

HIF1A expression is essential and sufficient to promote reperfusion in ischemic skeletal 

muscle (Majmundar et al., 2010). Moreover, reduced HIF1A activation was also found 

in hypoxic skin wounds of aged diabetic mice (Liu et al., 2008b), which emphasize the 

role of age in ischemic response. This is important since peripheral arterial disease is 

associated with age (Beckman et al., 2002). Pro-angiogenic roles of HIF1A were also 

associated with hypertrophic cardiomyopathy, myocardial infarction, skin wound 

healing, and retinal neovascularization (reviewed in (Majmundar et al., 2010)). 

 

Many studies suggested that the occurrence of local hypoxia in the muscle causes a drop 

in O2 pressure within the myocyte during exercise. Consequentially this cause an 

induction of HIF1A-mediated signaling pathways in human skeletal and thereby 

provoking a shift towards increased use of oxidative pathways for energy production 

(Doring et al., 2010), which effects human performance. Besides, cardiovascular system 

subsequently influences human body performance, these genotype-phenotype 

associations are just additional confirmation of an extensive HIF1A effect. 

 

The review of genotype-phenotype studies revealed that HIF1A association studies 

were most often focused on two nsSNPs located within ODD domain: rs11549465 

(p.Pro582Ser), and rs11549467 (p.Ala588Thr). For these two SNPs also opposing 

associations with phenotype were found, most probably due to being an object of 

numerous studies. In addition, both rs11549465 and rs11549467 are germline SNPs 

within the ODD/pVHL interaction domain (Clifford et al., 2001). However, rs11549465 

is also known to have an ability to enhance transactivation (Huang et al., 1998; 

Tanimoto et al., 2003), but was not identified as a site for HIF1A hydroxylation and is 

not mediating VHL binding (Yamada et al., 2005). Moreover, these results are in 
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agreement with previous study of Percy et al. (2003), who showed that the substitution 

p.Pro582Ser in vitro does not prevent VHL binding to a fragment of HIF1A after 

hydroxylation at p.Pro564. 

 

As in most association studies, also HIF1A association studies focused on nsSNPs and 

much less attention was given to synonymous (sSNP) and other noncoding SNPs. This 

could reflect a long-term assumption that sSNPs are inconsequential, since the primary 

amino-acid sequence of the protein stays unchanged. Even though, HIF1A association 

studies mostly focused on nsSNPs within ODD domain and O2-dependent proteolysis is 

the primary means of regulating HIF family of transcription factors, our anticipation 

was that genetic variability within different HIF1A domains, beside ODD region, have a 

potential to affect HIF1A activity. Here we present few possible scenarios that may 

disrupt the role of HIF1A functional domains and therefore influence on HIF1A 

stability and role as a main TF in hypoxia (Figure 9): i) variations within bHLH domain 

may prevent binding of HIF1A to HRE-recognition sites within promoter region of 

target genes, and likewise variations within HRE may influence on creation or 

destruction of HRE-binding sites for HIF1A to influence on downstream targets; ii) 

variations within PAS domain could theoretically affect dimerization with ARNT 

(HIF1B), which would result in HIF1A inability to function as transcriptional regulator; 

iii) variations within ODD domain could influence on stability of a protein in normoxia, 

since conserved proline residues (p.Pro402 and p.Pro564) are usually targeted for 

VHL/proteasome degradation; iv) variations within NLS may influence on translocation 

of HIF1A into the cell nucleus by nuclear transport; and v) variations within N-TAD 

and C-TAD could influence on transcriptional activation of HIF1A and interaction with 

its co-activators. Results of our literature review showed that HIF1A variations outside 

of ODD domain also have functional effect and were associated with diseases and 

phenotypes. For the following HIF1A regions genotype-phenotype associations were 

found: TF binding (four SNPs within 5-flanking region; rs7148720, rs2783778, 

rs1535679, rs28708675), ARNT binding (p.Val116Glu within PAS domain), ODD 

region (four SNPs: rs41508050, rs199775054, rs11549467, and rs11549465, which is 

located in N-TAD within ODD domain), 3’-UTR (rs2057482) or downstream 

(rs1319462), and four within introns (rs12434438, rs1957757, rs10873142, and 

rs10645014). 

 

Moreover, as mentioned HIF1A variations could potentially affect binding with other 

co-activators (EP300/CBP) or degradation complexes (nuclear transporter, 

VHL/proteasome, PHD1-3). However, in association studies seven SNPs within ODD 

domain, recognized by VHL/proteasome, were tested. This region is also overlapping 

with N-TAD domain; important for co-factor binding, where 3/7 SNPs were tested for 

phenotype association and only for rs15549465 association with phenotypes were 

confirmed. Although many SNPs (13/30) from HIF1A association studies were intronic, 
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none of them was previously classified as a splice region variant. According to Ensembl 

five HIF1A variations are classified as splice-region variants (either located within 1-3 

bases of the exon or 3-8 bases of the intron): TMP_ESP_14_62188452, rs200037213, 

COSM193393, rs200439820, TMP_ESP_14_6221364, however none of these 

variations was previously tested in association studies. These SNPs are of interest for 

future experiments since they could affect alternative splicing. Additionally, other 

HIF1A gene regions like upstream and downstream are important for binding other TFs 

and functional noncoding RNA molecules like miRNAs. 

 

5.1.2 Analysis of TF and miRNAs binding sites 

Existence of HIF1A gene polymorphisms within promoter, 5'- and 3'-UTR regions were 

recognized to alter gene transcription or stability of a transcript, and potentially 

influence on expression of downstream targets (Hong et al., 2007). In addition to 

previously published experimental data related to TF and miRNA interactions with 

HIF1A, our predictions suggested that HIF1A SNPs either create new or delete existing 

TF and miRNA binding sites, through which the stability or transcription of mRNA 

could be affected. Integration of an existing knowledge related to TFBS revealed that 

SP1 (Minet et al., 1999), NFKB1/RELA (Belaiba et al., 2007) and EGR1 (Sperandio et 

al., 2009) were already published to regulate transcription of HIF1A and 62 TFBSs 

from ChIP-seq were fund to be present nearby HIF1A TSS. Additionally, TFBS 

predictions showed that upstream SNPs could affect alteration of binding sites for six 

TFs (Figure 11). Analysis showed that three different forkhead/winged helix 

transcription factors (FOXs) binding sites (FOXA1, FOXC1 and FOXI1) were affected 

due to two HIF1A SNPs: rs1535679 and rs28708675. The FOX family of transcription 

factors is known to regulate differentiation, metabolism, and development. Moreover, 

FOXA1 plays a suppressive role in the early phase of adipogenesis, acting under the 

control of CEBPB (Fujimori and Amano, 2011). The putative transcription factor 

binding motifs for TAL1 and TCF3 were altered due to a SNP, rs2783778, which is the 

most distal HIF1A SNP tested in association studies. Transcription factor TAL1 plays a 

role in anti-apoptosis, cell proliferation and megakaryocyte differentiation (Palii et al., 

2011; Reynaud et al., 2005). Meanwhile, TCF3 regulates B- and T-cell development 

(Bain et al., 1994; Bradney et al., 2003), apoptosis, cell cycle (Chiaro et al., 2012; Zhao 

et al., 2001), and somatic recombination of immunoglobulin gene segments (Lazorchak 

et al., 2006; Sakamoto et al., 2012). Additionally, sequence variation rs41362550 

altered the predicted transcription factor binding sites of HNF4, which has a role in 

hepatocyte differentiation (Khurana et al., 2010), blood coagulation (Inoue et al., 2006), 

and its expression is upregulated in hepatocellular cancer to block carcinogenesis and 

metastasis (Ning et al., 2010). The appearance of type 2 diabetes was also associated 

with mutation of HNF4 (Lu et al., 2008; Yamagata et al., 1996). Interestingly, 

polymorphism rs41362550, whose functional effect is not known and is most proximal 
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to TSS, was the only one overlapping with TFBSs (42/62) from ENCODE project and is 

also predicted to be involved in gain/loss of HNF4A TFBS. This SNP is therefore of 

interest for future functional studies.  

 

Additionally, studies have shown that HIF1 regulates a panel of miRNAs, whereas 

some of miRNAs have also been shown to target HIF1A (Bruning et al., 2011; Cascio et 

al., 2010; Cha et al., 2010; Lei et al., 2009; Rane et al., 2009; Rane et al., 2010; Taguchi 

et al., 2008) (Figure 12A). Therefore, when low O2 level induces expression of HRMs, 

genes targeted by these miRNAs stabilize HIF1A by forming positive-feedback loops 

(Ghosh et al., 2010; Kelly et al., 2011; Liu et al., 2010; Shen et al., 2013). However, 

some HRMs destabilize HIF1A by direct targeting of 3’-UTR region and these miRNAs 

are: miR-20b (Cascio et al., 2010; Lei et al., 2009), miR-199a (Rane et al., 2009; Rane 

et al., 2010), cluster miR-17-92 (Taguchi et al., 2008; Yan et al., 2009), miR-519c (Cha 

et al., 2010), and miR-155 (Bruning et al., 2011). Recently, some reports revealed that 

miRNAs are associated with several key signaling pathways that respond to hypoxia 

and played important roles in hypoxic adaptation (Chan et al., 2009; Chen et al., 2010; 

Favaro et al., 2010; Puissegur et al., 2011). To investigate if miRNA binding sites are 

affected by HIF1A SNPs we performed prediction analysis for miRNA binding sites on 

sequences flanking previously tested HIF1A SNPs. Our predictions revealed that HIF1A 

SNPs could be involved in gain/loss of miRNA target sites located within exons, 3’- and 

5’-UTR. Therefore, predicted miRNA binding sites are distributed through whole gene 

regions and not only within 3’-UTR. Further experiments can now be performed to 

analyze if HIF1A SNPs are associated with gain/loss of TF binding or miRNA target 

sites, which are possible explanations for functional effect of HIF1A polymorphisms. 

Variations within HIF1A ODD domain (exon 12) and its promoter region are interesting 

for future analysis, since these might be involved in HIF1A stability or could distract 

binding of its transcriptional activators within HIF1A promoter, respectively. Since 

HIF1A together with ARNT (HIF1B) functions as master transcription regulator of 

various genes involved in hypoxia pathway, this would be a great contribution to a 

known regulatory network, where TFs and miRNA can reciprocally regulate one 

another. While HIF1A might be responsible for transcription of others TFs and miRNA 

host genes, in contrast specific TF and miRNA profiles might be responsible for HIF1A 

transcription activity, degradation or mRNA stability. However, it remains an open 

question if miRNAs that potentially target HIF1A promoter region affect the 

transcriptional regulation with TF and vice versa. 
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5.1.3 Cancer deregulated and epigenetically controlled miRNAs in HIF1A 

regulatory network 

MicroRNAs have been proven to be involved in cancer development and progression 

(Calin and Croce, 2006; Esquela-Kerscher and Slack, 2006). Therefore, miRNA profiles 

can be very useful in tumor classification, prognosis, and prediction of the therapeutic 

outcome. Examples of miRNA used as diagnostic tools, as prognostic tools or as 

predictors of response to therapy were reviewed by Ferdin et al. (2010). Besides, some 

miRNA expressions were proved to be epigenetically regulated in different types of 

cancers and cell lines. Since hypoxia is a common characteristic of solid tumors we 

were prone to identify if among miRNAs predicted to gain/loss their target site due to 

HIF1A polymorphisms, have been previously associated with cancer and potentially 

regulated by epigenetic mechanisms. We discovered that out of 150 miRNAs predicted 

to target HIF1A 25 were previously associated with cancer, out of which 12 were found 

to be epigenetically regulated and among them four associated to hypoxia response. 

 

Besides, we identified common regions of cancer deregulated and epigenetically 

regulated miRNAs compared to location of a gene that code for HIF1A, which is a 

master regulator of hundreds of genes, including miRNAs. In conclusion, some 

miRNAs previously associated with cancer are located near chromosome/gene 

alterations, which clearly suggest that some miRNA gene clusters with as few as three 

miRNAs may have a greater influence on cancer development, progression, and overall 

survival than previously thought. MicroRNAs most likely work together, where each 

miRNA, either alone or as a group, has a specific role in response to stress, 

development and progression of complex diseases such as cancer.  

 

5.1.4 Pathways associated with HIF1A target genes  

Pathway enrichment analysis using known HIF1A targets revealed that pathways 

metabolism of carbohydrates, diabetes pathways, and integration of energy metabolism 

were most significantly associated to HIF1A targets. Pathway enrichment analysis is 

important for further investigation to focus on HIF1A targets with significant roles for 

cells to survive in environment with low O2 level. Therefore genes involved within 

these enriched pathways are more likely to be suitable as a therapeutic targets for 

instance in a cancer research or performance endurance improvement studies. To date, 

functional HREs within promoters of HIF1A targets have been identified as far as 12 kb 

downstream (Pescador et al., 2005) or 5 kb upstream of a target TSS (Coulet et al., 

2003). 

 

Results of the study by Benita et al. (2009) using 21 validated and 60 predicted HIF1A 

targets and KEGG pathway analysis tool revealed eleven associated pathways. Twelve 
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of these 60 predicted HIF1A targets were already experimentally validated by now and 

therefore also included in our pathway analysis. We performed pathway analysis of 274 

validated HIF1A targets using DAVID bioinformatics tool, which enables a discovery 

of enriched functional-related gene groups from four different pathway databases 

(KEEG, PANTHER, Reactome, and BioCarta) with very stringent criteria (Bonferroni 

and P-value < 0.01). Our results confirmed six enriched pathways previously identified 

by Benita et al (2009) (marked with stars in ANNEX O) and revealed 15 additional 

associated enriched pathways.  

 

When O2 levels are insufficient, cell’s metabolism shifts from mitochondrial oxidative 

phosphorylation to glycolysis (Zhang et al., 2007). Increased glycolysis and decreased 

respiration, even under aerobic conditions is characterized in many cancer cells. 

However, HIF1 may be involved in induction of genes necessary for this adaptation 

(Zhang et al., 2007). Therefore, cell proliferation and survival depend on nutrient 

availability and a tight link between nutrient and hormone signaling pathways 

(Marshall, 2006). Nutrient signaling pathways are interconnected coupled to insulin 

pathways and linked to release of metabolic hormones from adipose tissue (reviewed in 

(Marshall, 2006)). Moreover, hypoxia actually stimulates lipids storage and inhibits 

lipid catabolism through β-oxidation (Bostrom et al., 2006).  

 

Pathway based systems biology approach may prove to be significant for discovery of 

novel HIF1A targets within these enriched pathways, including potentially novel HIF1A 

targets with HRE-binding sites already identified within its promoter region. It is likely 

that in the future novel HIF1A target genes will be identified since several HRE-binding 

sites have been predicted within HIF1A targets and remain to be validated (Benita et al., 

2009). These potentially novel HIF1A targets could now be tested with additional 

functional analysis. 
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5.2 VALIDATION OF A NOVEL HIF1A TARGET  

We aimed to investigate whether hypoxia induces the expression of noncoding 

ultraconserved transcripts in a similar manner to the conventional hypoxia-regulated 

genes or more recently studied miRNAs. To this end, we employed a strategy that 

integrates tumor data with a microarray-based screen (Kulshreshtha et al., 2007). We 

identified in multiple cell types the following hypoxia-induced, noncoding 

ultraconserved transcripts: uc.63, uc.73, uc.106, uc.134, and uc.475, and termed these 

HINCUTs. Similar to the earlier work on miRNAs (Kulshreshtha et al., 2007) we are 

providing evidence that HIF has a critical role for their hypoxic regulation, based on 

induction with chemical inactivators of the HIF prolyl hydroxylases, effect of the VHL 

tumor-suppressor inactivation and effect of exogenous HIF1As on luciferase reporters 

containing fragments from the candidate promoters of HINCUTs. We identified HIF1A-

binding sites upstream of uc.475. This region in fact overlaps OGT gene promoter 

region; therefore, the transcriptional control of uc.475 is not considered to be 

completely distinct from OGT transcription. Our in silico prediction detects no putative 

binding site for HIF1A in close proximity to OGT intron 4, where uc.475 is located. 

Recent reports have demonstrated that many intronic miRNAs possess their own 

promoter, which is independent to the host gene transcription (Ozsolak et al., 2008). 

Further investigation is required to reveal whether there are additional TF-binding sites 

closer to the uc.475 region. 

 

Our data suggest that uc.475 is part of a primary (potentially retained intron) transcript 

that also includes the coding sequences of its “host gene” OGT. The role of OGT is to 

catalyze the addition of O-GlcNAc on proteins, which are involved in transcription, 

cellular signaling pathways and processes, and the cell cycle (are viewed in (Butkinaree 

et al., 2010; Love et al., 2010)). The OGT was also recently reported to be 

overexpressed in breast cancer and primary and metastatic prostate cancer (Caldwell et 

al., 2010; Lynch et al., 2012), further supporting OGT as a therapeutic target in solid 

malignancies.  

 

This 9-kb hybrid OGT-uc.475 transcript is mostly nuclear and leads to the generation of 

a significant percentage, if not most, of the mature OGT mRNA and functional OGT 

protein(s) that perform most of the detectable O-GlcNAcylation in the cells. 

Additionally, this transcript contains a significant proportion, if not the majority, of the 

uc.475-containing RNA pool in the cell, since OGT-specific siRNA dramatically 

decreased the amount of uc.475. Consistently, a siRNA specifically directed against 

uc.475 sequences, can efficiently inactivated both the ultraconserved transcript and 

OGT. Based on the northern blot pattern of bands, uc.475 may also exist as a separate 

transcript; however this may be generated from the primary mRNA and it is not feasible 

to be selectively inactivated independently from OGT using siRNA based approaches. 
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Our results may expand the understanding of the complexity of the OGT genomic locus, 

as it reveals the presence of a noncoding ultraconserved sequence, part of a retained 

intron, at the core of a hybrid nuclear transcript. We provide evidence that OGT locus 

generates multiple coding and noncoding transcripts. The retained intron that contains 

uc.475, does not possess a coding ORF but does include a second start codon (ATG) or 

it could be part of a long 5’-untranslated region (3.27 kb) (Lubas et al., 1997). 

 

Inhibition of uc.475 by siRNA lead to an increase in the number of cells in the G2/M 

fraction specifically in hypoxia, which may in fact be related to the inability of cells to 

maintain adequate O-GlcNAcylation during hypoxic stress. We suggest that at least 

some of the biochemical effects of uc.475-inhibition are in fact due to the interference 

with OGT. Based on the northern blotting results, the amount of uc.475 that exists 

outside the hybrid nuclear transcript is relatively modest. We also noticed a contrast 

between the hypoxia-inducible nature of OGT/uc.475 at RNA and at protein level. 

Indeed, measurements in multiple cell lines indicate that OGT is either unchanged 

(Figure 41) or even decreased during O2-deprivation (data not shown). This is likely 

part of the wide translational suppression consistently reported under hypoxia. Higher 

transcript levels may serve to compensate this decrease, and it is entirely conceivable 

that in the absence of mRNA induction the level of O-GlcNAcylation would be 

compromised below the level compatible with survival. 

 

What is therefore the role of uc.475-containing noncoding region in the context of 

OGT-hypoxic regulation? The luciferase experiments (Figure 44) suggest that on one 

hand this sequence may serve as an enhancer, which could cooperate with HIF for 

elevated transcription. The predominant nuclear localization of the hypoxia-inducible 

hybrid transcript may point also to a role in RNA stability. To date retained introns 

within several genes were found to enhance almost every step of gene expression and 

also affects the mRNA stability. However, some studies showed that intron retention 

has little or no effects on mRNA half-life (Chang et al., 2006; Nott et al., 2003; Ryu and 

Mertz, 1989), whereas others confirmed that it is important for mRNA stability and had 

an effect on prolonged mRNA half-life (Gencheva et al., 2010; Wang et al., 2007; Zhao 

and Hamilton, 2007). In addition, cells in hypoxia were even found to inhibit nonsense-

mediated RNA decay (NMD) mechanisms to enable the expression of genes critical for 

cell adaptation and response to a cellular stress (Gardner, 2008). Moreover, many 

studies found that constitutively spliced introns are required for optimal gene expression 

(Buchman and Berg, 1988; Le Hir et al., 2003; Nott et al., 2003), and one possible way 

through which introns can affect transcription is by acting as repositories for 

transcriptional regulatory elements such as enhancers and repressors (Le Hir et al., 

2003). Although further mechanistic studies as well as an understanding of the specific 

roles of the many transcripts at the OGT locus are needed, this is the first study that 

purposely investigates T-UCRs as a part of the hypoxic response and extends the 
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knowledge of the interplay between coding and noncoding transcripts under stress 

conditions.  

 

5.3 FUTURE PERSPECTIVES 

• HIF1A polymorphisms associated with phenotypes were found within different 

regions and domains: including: 5’-upstream region (TFs and miRNAs binding), 

PAS domain (ARNT binding), N-TAD region within ODD domain 

(transactivation and O2 dependent regulation of a gene), 3’-UTR region (miRNA 

binding; in addition to binding sites within exons and promoter), and introns 

(alternative splicing). All these SNPs are suitable for future functional analysis 

to determine if they disrupt the role of HIF1A functional domains and therefore 

influence HIF1A stability and its role as master TF in hypoxia.  

• Additional functional studies are needed at least for four prioritized miRNAs 

(miR-23b, miR-130a, miR-135a, and miR-200b), whose expression was 

previously shown to change by hypoxia environment and were found 

deregulated and epigenetically regulated in cancer. These studies should verify 

whether the presence of SNPs within miRNA binding sites influence their 

regulation of HIF1A. 

• Further functional studies are also needed to verify if four SNPs within upstream 

HIF1A region, predicted to alter binding sites for six TFs, influence the 

transcription activity of HIF1A. Polymorphism rs41362550 is particularly 

interesting, since it is the most proximal to the TSS of a gene, it is overlapping 

with 42 previously validated TF binding sites from ChIP-seq data, and since its 

functional role is yet unknown.  

• Pathways based systems biology approach using validated HIF1A targets may 

prove to be significant for discovery of novel HIF1A targets within enriched 

pathways.  

• In addition to uc.475 and its host gene, the role of other HINCUTs should be 

identified. In our opinion uc.63 and its host gene exportin 1 (XPO1) are very 

promising for the future analysis. 
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6 CONCLUSIONS (SKLEPI) 

6.1 CONCLUSIONS 

• We constructed a central Atlas of HIF1A gene regulatory network, consisting of: 

1.) functional HIF1A polymorphisms from 70 association studies; 2.) validated 

and predicted HIF1A interactions with TFs and miRNAs; 3.) HIF1A 

downstream targets and pathways. The developed Atlas presents a central 

location for genomic information related to HIF1A, which will accelerate the 

research of this field. 

• Our systematic review of HIF1A association studies revealed that 15/30 tested 

HIF1A variations were associated with 32 phenotypes including 16 cancer types.  

• Five miRNAs were previously identified as upstream regulators of HIF1A and 

additional 150 miRNAs were predicted to target polymorphic regions residing 

within HIF1A exons, 5’- and 3’-UTR regions. Out of 150 miRNAs predicted to 

target regions of HIF1A, 25 were previously found to be deregulated in cancer 

and 12 of those epigenetically regulated in cancer, including four miRNAs 

whose expression is already known to be changed by hypoxia environment. 

Further experiments can now be performed to analyze if HIF1A SNPs are 

associated with gain/loss of miRNA target sites. This would also partly explain 

the functional effect of HIF1A polymorphisms. 

• Out of 62 TFBSs identified within upstream HIF1A region from ChIP-seq data 

(UCSC, ENCODE project), 42 overlapped with polymorphism rs41362550. Six 

additional TFBS were predicted to be gained/lost due to four SNPs. Further 

experiments can now be performed to analyze if HIF1A SNPs are associated 

with gain/loss of TF binding sites, which is another possible explanation for 

functional effect of HIF1A polymorphisms.  

• Pathway enriched analysis revealed that HIF1A targets are involved in 

significant pathways including: diabetes pathways, metabolism of 

carbohydrates, and integration of energy metabolism. The proposed pathways 

have potential for development of new generation of pathway based hypoxia and 

cancer biomarkers. 

• We confirmed the hypothesis that in hypoxia the expression of transcribed 

ultraconserved regions (T-UCR) alters, since in multiple cell types hypoxia-

induced noncoding ultraconserved transcripts, which we termed HINCUTs, were 

identified. This conclusion refers to hypothesis 1. 
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• HIF1A was confirmed to play a critical role for hypoxic regulation of HINCUTs 

based on induction with: 1.) chemical inactivators of the HIF prolyl 

hydroxylases, 2.) effect of the VHL tumor-suppressor inactivation and 3.) effect 

of exogenous HIF1As on luciferase reporters containing fragments from the 

candidate promoters of HINCUTs. This conclusion refers to hypothesis 2. 

• We showed that studied T-UCRs were predominantly nuclear and that HIF1A is 

partly responsible for the induction of several members of this group. The 

transcript uc.475 or HINCUT-1, analyzed in this study, is part of a retained 

intron of the host protein-coding gene, OGT (O-linked N-acetylglucosamine 

transferase), which is overexpressed in epithelial cancer types. This conclusion 

refers to hypothesis 3.  

• Based on the northern blot, we suggest uc.475 may also exist as a separate 

transcript; however this may be generated from the primary mRNA transcript 

that also includes the coding sequences of its host gene OGT. Therefore uc.475 

transcript is not feasible to be selectively inactivated independently from OGT 

using siRNA based approaches.  

• Inhibition of uc.475 by siRNA lead to an increase in the G2/M fraction 

specifically in hypoxia, which may in fact be related to the inability of cells to 

maintain adequate O-GlcNAcylation during hypoxic stress. With that we also 

confirmed that silencing of overexpressed T-UCR in hypoxia represses cancer 

cell line proliferation. This conclusion refers to hypothesis 3 and 4. 

• The luciferase experiments suggested that tested sequence containing uc.475 

may serve as an enhancer, which could cooperate with HIF for elevated 

transcription of OGT.  
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6.2 SKLEPI 

• Izdelali smo centralni Atlas regulatorne mreže gena HIF1A, ki obsega: 1.) 

funkcijske polimorfizme gena HIF1A zbranih iz 70-ih analiz povezav genotipa s 

fenotipom; 2.) znane in predvidene interakcije HIF1A z drugimi 

transkripcijskimi dejavnki (TF) in miRNA; 3.) tarčne gene HIF1A in njihovo 

vpletenost v biološke poti. Izdelani Atlas predstavlja centralno mesto genomskih 

informacij v povezavi s HIF1A, kar bo omogočilo pospešitev raziskav na tem 

področju. 

• Naš sistematski pregled analiz povezav genotipa s fenotipom je pokazal, da je 

bilo 15 od 30 testiranih HIF1A SNP-jev povezanih z 32 fenotipi in boleznimi, 

vključno s 16 tipi raka.  

• Za pet miRNA je bilo že dokazano, da uravnavajo izražanje HIF1A. 

Bioinformacijska analiza je pokazala, da se na mestih preučevanih 

polimorfizmov znotraj eksonov, 5’- in 3’-neprevedenih regijah gena HIF1A 

nahajajo predpostavljena vezavna mesta za dodatnih 150 miRNA. Med temi 150 

miRNA, ki predvideno prepoznavajo območja HIF1A, je bilo za 25 že dokazano 

spremenjeno izražanje pri raku, za 12 med njimi, da so epigenetsko uravnavane 

pri raku, in za štiri izmed teh je bilo dokazano spremenjeno izražanje v okolju 

hipoksije. Potrebne so nadaljnje raziskave za potrditev vpletenosti HIF1A SNP-

jev v pridobitev izgubo tarčnih mest za miRNA. S tem bi deloma razložili vlogo 

polimorfizmov gena HIF1A.  

• Ugotovili smo, da se izmed 62 identificiranih vezavnih mest za TF-je iz ChIP-

seq (UCSC, projekt ENCODE) v območju navzgor od gena HIF1A, 42 prekriva 

s polimorfizmom rs41362550. Dodatnih šest TF-jev je bilo predvidenih, da 

pridobijo/izgubijo svoje vezavno mesto zaradi prisotnosti štirih SNP-jev gena 

HIF1A. Potrebne so nadaljne raziskave za preverjanje ali so HIF1A SNP-ji 

znotraj odgovorni za pridobitev/izgubo vezavnih mest TF-jev. To bi bila dodatna 

obrazložitev vloge polimorfizmov gena HIF1A na njegovo delovanje. 

• Analiza bioloških poti, v katere so uvrščene tarče HIF1A, je pokazala, da je 

večina teh vključena v poti: diabetes pathways, metabolism of carbohydrates, in 

integration of energy metabolism. Predlagane biološke poti imajo potencial za 

razvoj nove generacije biooznačevalcev za hipoksijo in raka. 

• Potrdili smo hipotezo, da se s hipoksijo spremeni tudi izražanje prepisov T-

UTR, saj smo v številnih tipih celic določili povišano izražanje prepisov teh ne-

kodirajočih regij, ki smo jih poimenovali HINCUTs (angl. hypoxia induced 

noncoding ultraconserved transcripts). Ta zaključek se nanaša na hipotezo 1. 
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• HIF1A je bil v hipoksiji potrjen kot regulator izražanja HINCUT-ov, na podlagi 

njegove indukcije: 1.) s kemikalijami, ki inaktivirajo HIF prolil hidroksilaze, 2.) 

z inaktivacijo tumor-supresorskega gena VHL ter 3.) z vnosom ekspresijskih 

vektorjev z zapisom za HIF1A in njihov vpliv na poročevalce luciferaze, ki so 

vsebovali promotor pručevanega HINCUT-a. Ta zaključek se nanaša na 

hipotezo 2. 

• Dokazali smo, da se preučevani T-UCR-ji nahajajo pretežno v jedru celice in da 

je HIF vsaj deloma odgovoren za indukcijo izražanja nekaterih izmed njih. 

Prepis uc.475 ali HINCUT-1 preučevan v tej študiji, je del neizrezanega introna 

gostiteljskega gena OGT (O-linked N-acetylglucosamine (GlcNAc) transferase), 

ki je čezmerno izražen pri raku epitelijskih celic. Ta zaključek se nanaša na 

hipotezo 3.  

• Na podlagi rezultatov prenosa northern sklepamo, da lahko regija uc.475 obstaja 

tudi kot samostojen prepis ali pa predstavlja del primarnega transkripta, ki 

vsebuje tudi kodirajoče regije gostiteljskega gena OGT. Zato torej s siRNA ni 

mogoče samostojno utišati regije uc.475, da s tem ne bi vplivali tudi na raven 

gena OGT.  

• Inhibicija regije uc.475 s siRNA je predvsem v hipoksiji povzročila povišanje 

deleža celic v G2 M fazi celičnega cikla. To bi lahko bila tudi razlaga, da je 

celica po inhibiciji uc.475 v hipoksiji neuspešna vzdrževati ustrezno raven O-

GlcNAcilacije. To pomeni tudi, da ima utišanje prekomernega izražanja T-UCR 

v hipoksiji vpliv na zmanjšano pomnoževanje celic rakavih linij. Ta zaključek se 

nanaša na hipotezo 3 in 4. 

• Na podlagi rezultatov luciferaznih eksperimentov predlagamo, da ima 

preučevana regija uc.475 vlogo ojačevalca, ki lahko skupaj s HIF vpliva na 

povišano raven prepisovanja gena OGT.  
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7 SUMMARY (POVZETEK) 

7.1 SUMMARY 

In cancer environment level of O2 gets decreased by the depth and distance of blood 

flow in vessels. In mammal cells primary response to low O2 conditions (hypoxia) is 

made rapidly through adaptation to conditions they are being captured. In hypoxic cells 

important responses are activated for metabolic, bioenergetics, and redox demands and 

primary transcriptional response to hypoxia is mediated by the hypoxia-inducible 

factors (HIFs).  

 

HIF heterodimer belongs to a family of transcription factors (TF) responsive to a low O2 

availability, which is often a characteristic of solid tumors. Alpha subunit of HIF 

heterodimer is O2-sensitive, and once stabilized in hypoxia, it functions as master 

regulator of various genes involved in hypoxia pathway. Identification of upstream 

HIF1A regulators and its downstream targets are essential for understanding the cellular 

and systemic response to hypoxia. Despite its importance as transcriptional regulator, 

HIF1A regulatory network is still not yet completely understood and data is scattered 

among publications and databases. Therefore, we created a central Atlas of HIF1A gene 

regulatory network integrating both the existing knowledge and results of 

bioinformatics analyses. 

 

Previously studies showed that microRNA (miRNA) are among ncRNA already known 

to be regulated by low O2 levels. Study on cancer cell lines, breast and colon, confirmed 

that a group of hypoxia regulated miRNAs can be influenced by variety of hypoxic 

factors and were proved to decrease pro-apoptotic signaling in a hypoxic environment, 

suggesting an impact of these transcripts even on tumor formation. However, it has been 

suggested that HIF gives a big contribution to cancer cell line adaptation in hypoxia. 

Even though that recent data linked hypoxia, a classic feature of the tumor 

microenvironment, to the function of specific miRNAs, very little is known how 

hypoxia affects other types of noncoding transcripts. Moreover, microarray assays on 

clinical colorectal cancer (CRC) samples revealed altered expression not only for 

miRNAs but also for “transcribed ultraconserved regions” (T-UCRs). Therefore we 

analyze if hypoxia and their factors influence on expression of T-UCRs, since to date 

the association between T-UCRs and HIF1A has not been confirmed yet. By now 

altered T-UCRs expression was described in colorectal cancer and hepatocellular 

carcinomas, hematologic malignancies, and neuroblastoma. 

 

To create an Atlas of HIF1A gene regulatory network we used PubMed and WoS to 

collect functional HIF1A polymorphisms from HIF1A association studies, to collect 



Ferdin J. Influence of hypoxia on expression of ultraconserved genomic regions in tumor tissue.  

  Doctoral dissertation. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, 2013 

 

 

105 

 

cancer deregulated and epigenetically regulated miRNAs, and all downstream targets of 

HIF1A. Experimentally confirmed HIF1A TF binding sites (TFBS) were extracted from 

publications and ENCODE ChIP-Seq data and TFBS predictions were performed using 

TRANFAC Match tool. Validated HIF1A-miRNA interactions were extracted from 

miRWalk, miRecords, and mirTarBase databases and miRNA binding was predicted 

using RNA22 and miRanda algorithms. Pathway enrichment analysis was applied using 

DAVID Bioinformatics Resources 6.7.  

 

To find a functional link between hypoxia, HIF1A and T-UCR we re-interrogated 

previously published microarray data of CRC samples. On the selected T-UCR a 

hypoxia screening (1% O2 level and exposure to DMOG) was performed and their 

expression was also tested in a cell model with proficient/deficient VHL protein. T-

UCR expression was measured using RT-qPCR method. Protein levels altered by 

hypoxia and gene silencing experiments were detected using western blot analysis. T-

UCR promoters with HIF1A-binding sites were predicted using TFRANSFAC tool. 

Chromatin immunoprecipitation (ChIP) was used to validate predicted HIF1A-binding 

sites. Promoter fragments with or without HIF1A-binding sites were cloned upstream of 

luciferase reporter, while T-UCR sequence that was tested for enhancer activity was 

cloned downstream of luciferase reporter gene. Dual-Luciferase reporter assays were 

performed to measure effect of cloned sequences into reporter vectors. Knock down 

experiments using specific siRNA sequences were used to measure biological 

significance of tested T-UCRs; cell counting for effect on proliferation and FACS 

analysis to determine cell cycle affects. Northern blot using gene specific probes was 

performed to identify transcript present in normoxia and altered in hypoxia. Open-

reading frame (ORF) finder was used for detection of ORF within tested T-UCR 

sequences. 

 

An Atlas of HIF1A gene regulatory network that we constructed comprises of: 1.) 

functional HIF1A polymorphisms from 70 association studies; 2.) validated and 

predicted TF and miRNA binding sites; 3.) HIF1A downstream targets and pathways. 

To date, 30 HIF1A single nucleotide polymorphisms (SNPs) were genotyped and 15 of 

them were found to be associated with 32 phenotypes including 16 cancer types. Out of 

62 TFBSs identified within upstream HIF1A region, 42 overlapped polymorphism 

rs41362550 and six were predicted to be gained/lost due to four SNPs. Five miRNAs 

were previously identified to regulate HIF1A and 150 miRNAs were predicted to target 

polymorphic regions residing within exons, 5’- and 3’-UTR regions. Out of 150 

miRNAs targeting regions of HIF1A, 25 were previously found deregulated and 12 of 

those epigenetically regulated in cancer, including four miRNAs whose expression was 

already reported to be deregulated in hypoxia environment. Downstream HIF1A targets 

were suggested to be involved in 21 enriched pathways.  
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To validate a novel target of HIF1A, we started with a genome-wide expression 

profiling and we demonstrated for the first time a functional link between O2 

deprivation and long noncoding transcripts of ultraconserved regions, termed 

transcribed-ultraconserved regions (T-UCRs). Interestingly, several hypoxia-

upregulated T-UCRs, named “hypoxia-induced noncoding ultraconserved transcripts” 

(HINCUTs), are also overexpressed in clinical samples from colon cancer patients. We 

show that these T-UCRs are predominantly nuclear and that the hypoxia-inducible 

factor is partly responsible for the induction of several members of this group. One 

specific HINCUT, uc.475 (or HINCUT-1) is part of a retained intron of the host 

protein-coding gene, OGT (O-linked N-acetylglucosamine transferase), which is 

overexpressed in epithelial cancers and important for post-translational modifications of 

many proteins in the cell. 

 

Our results suggest that HIF1A variations might be involved in gain/loss of TF and 

miRNA binding sites, which could be a possible explanation for functional effect of 

HIF1A polymorphisms. The developed genetic regulatory Atlas of HIF1A gene 

regulatory network presents a starting point for further research related to HIF1A and an 

example of an Atlas of regulatory network for any TF of interest.  

 

In addition, we validated a novel target of HIF1A and consistent with the hypothesis 

that T-UCRs have important function in tumor formation, HINCUT-1 supports cell 

proliferation specifically under hypoxic conditions and may be critical for optimal O-

GlcNAcylation of proteins when O2 tension is limiting. Our data gives a first glimpse of 

a novel functional hypoxic networks composing of protein-coding transcripts and 

noncoding RNAs from the T-UCRs category. 
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7.2 POVZETEK 

V celicah sesalcev je primaren odziv na nizko vsebnost O2 hiter, saj se morajo le-te 

čimhitreje prilagoditi danim pogojem. V hipoksičnih celicah so zato aktivirani signali, 

potrebni za zagotovitev metabolnih, bioenergetskih in redoks potreb celice (pregled v 

Majmundar in sod., 2010). Primarni odzivi se sprožijo tudi s transkripcijskimi dejavniki 

HIF, ki šele v okolju z znižano vsebnostjo O2 postanejo aktivni. Proteini HIF so znani 

osrednji regulatorji hipoksije in imajo poleg vpliva na odziv ter prilagoditev celice 

okolju tudi vlogo pri različnih fizioloških in patoloških procesih celice (Majmundar in 

sod., 2010; Semenza, 2003). Protein HIF je heterodimer sestavljen iz na O2-občutljive 

(alfa, A) in -neobčutljive enote (beta, B) (Wang in Semenza, 1993). V celicah sesalcev 

so znane tri izooblike proteina HIF-A, med katerimi je HIF1A izražen konstantno, 

medtem ko je prisotnost proteinov HIF2A in HIF3A odvisna od vrste tkivnih celic 

(Bertout in sod., 2008). V zadnjih nekaj letih je bilo na področju uravnavanja in 

delovanja proteinov HIF narejenih že veliko raziskav (Wang in sod., 1995), saj le-ta v 

hipoksiji uravnava prepisovanje velikega števila genov, ki omogočajo nadzor zaloge O2 

v celici in njeno preživetje v okolju z nizko vsebnostjo O2 (Keith in sod., 2012; Vilela in 

sod., 2008; Wang in sod., 1995; Wenger in sod., 2005). Prav tako je veliko znanega tudi 

o vlogi HIF1A pri nastanku bolezni in številnih fenotipov (Majmundar in sod., 2010; 

Semenza, 2003), vendar je znanje o HIF1A precej razpršeno med publikacijami. Atlas 

regulatorne mreže HIF1A smo izdelali z namenom, da bi zbrali vse genomske 

informacije o HIF1A na enem mestu, jih uredili ter na tej podlagi razkrili nove smernice 

za raziskave uravnavanja izražanja HIF1A in njegovega vpliva.  

 

Za izdelavo Atlasa regulatorne mreže HIF1A smo iz literarnih zbirk PubMed in WoS 

zbrali publikacije, povezane z znanimi regulatorji izražanja gena HIF1A. Določitev 

regulatorjev izražanja HIF1A in njegovih tarčnih genov je ključno za razumevanje 

celičnega in sistemskega odziva na hipoksijo. Kljub temu da je bila hipoksija kot 

običajna lastnost mikrookolja tumorjev že povezana s funkcijo miRNA, je trenutno 

malo znanega, kako le-ta vpliva na druge skupine ne-kodirajočih prepisov (Ferdin in 

sod, 2013). Atlas regulatorne mreže gena HIF1A tako sestavljajo: 1) funkcionalni 

polimorfizmi HIF1A iz 70-ih analiz povezav genotipa s fenotipom; 2) potrjena in 

predvidena vezavna mesta za transkripcijske dejavnike (TF) in miRNA; 3) HIF1A tarče 

in biološke poti, v katere so uvrščene. Eksperimentalno potrjene transkripcijske 

dejavnike, ki se vežejo v promotorsko območje gena HIF1A, smo pridobili iz 

podatkovne zbirke UCSC (ChiP-sequencing projekt ENCODE). Predvidena vezavna 

mesta za TF-je v promotorju gena HIF1A smo določili z uporabo bioinformacijskega 

orodja TRANFAC Match. Že znane interakcije miRNA-HIF1A so bile zbrane iz 

podatkovnih zbirk (miRWalk, miRecords, in mirTarBase), analiza predvidenih vezavnih 

mest za miRNA pa je bila izvedena z uporabo algoritmov RNA22 in miRanda. Iz 

literature smo zbrali tudi miRNA s spremenjenim izražanjem pri raku, vključno s 
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tistimi, ki so epigenetsko uravnavane, in miRNA, katerih spremenjeno izražanje je bilo 

dokazano v hipoksiji. Protein HIF1 je dokazan regulator več sto tarčnih genov, med 

katerimi so prisotne tako protein-kodirajoči kot tudi ne-kodirajoči zapisi (miRNA). Da 

bi dobili čimboljši vpogled v regulatorno mrežo gena HIF1A, je potrebno poleg tarč 

določiti tudi regulatorje, ki lahko vplivajo na njegovo izražanje. 

 

Do danes je bilo genotipiziranih že 30 polimorfizmov posameznega nukleotida (SNP) 

gena HIF1A in 15 izmed njih povezanih z 32 fenotipi in boleznimi. Pregled literature je 

pokazal, da so bili polimorfizmi gena HIF1A pogosto povezani z rakom, srčno-žilnimi 

boleznimi in aktivnostjo. Preučevani SNP-ji so bili v analizah povezav genotipa s 

fenotipom kar v polovici primerov povezani z rakom (16/32 fenotipov). Do sedaj je bilo 

sicer že veliko tumorjev povezanih z nizko vsebnostjo O2, kar je lahko posledica 

prekomernega pomnoževanja rakavih celic, saj le-te povzročijo prerast žilnega sistema 

tumorja in posledično omejijo difuzijo O2 v njegovo notranjost. Hipoksični stres v 

celicah je lahko tudi posledica motnje pretoka krvi zaradi spremenjene strukture in 

delovanja ožilja tumorjev (Majmundar in sod., 2010). Posledično to privede do 

povišane ravni HIF1A v celicah (Bertout in sod., 2008), katerega raven je lahko dodatno 

zvišana tudi neodvisno od poti gena HIF (Majmundar in sod., 2010). Protein HIF1A 

ima sposobnost reprogramirati metabolični stadij celic, kar je nujno za hipoksično 

okolje tudi v primeru bolezni ožilja in pri raku (Majmundar in sod., 2010). Na ta način 

HIF1 v hipoksičnih celicah uravnava prepisovanje mnogih genov, ki so vpleteni v 

ključne vidike biologije raka kot so: imortalizacija celic, vzdrževanje zarodnih celic, 

diferenciacija celic, genetska nestabilnost, vaskularizacija, metabolno reprogramiranje 

celic, avtokrina signalizacija rastnega dejavnika, invazija in metastaziranje celic ter 

odpornost na zdravljenje (Semenza, 2007a). Poleg tega je HIF1A pogosto dejavnik 

slabe klinične napovedi za številne tipe raka (Semenza, 2007a).  

 

Povezava HIF1A s srčno-žilnimi boleznimi je le dodatni pokazatelj sistemskega vpliva 

HIF1A. Srčno-žilne bolezni, kot so arteroskleroza tkiv srca, možgan in mišic okončin, 

so pogosto dovzetne za poškodbe, ki so posledica pomanjkanja pretoka krvi (ishemija) 

(Beckman in sod., 2002; Kett-White in sod., 2002). Poleg tega je ishemija srčne mišice 

najpogostejši vzrok za nastanek srčne hipoksije oz. kapi v kliniki in je posledica okolja, 

kadar količina dovedenega O2 ne zagotovi metabolnih potreb srčnih celic (Shohet in 

Garcia, 2007). Izražanje HIF1A je ključno, da se ponovno vzpostavi pretok krvi v 

ishemične predele skeletnih mišic (Majmundar in sod., 2010). Zmanjšana aktivacija 

HIF1A je bila ugotovljena tudi v hipoksičnih ranah na koži ostarelih mišk z diabetesom 

(Liu in sod., 2008b), kar izpostavi tudi pomen starosti pri odzivu na ishemijo. Pri 

človeku so periferna arterijska obolenja prav tako povezali s starostjo (Beckman in sod., 

2002). Vloga HIF1A pri angiogenezi je tako znana tudi s hipertrofno kardiomiopatijo, 

odpovedjo srčne mišice, celjenjem kožnih ran in neovaskularizacijo retine (pregled v 

Majmundar in sod., 2010). 
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Veliko študij je predvidevalo, da do pojava lokalne hipoksije v mišicah med telovadbo 

pride zaradi padca pritiska O2 v mišičnih celicah (miocite). To naj bi v mišicah 

povzročilo indukcijo signalne poti, povezane s HIF1A, in tako pospešilo uporabo 

oksidacijskih poti za proizvajanje energije (Doring in sod., 2010), kar se posledično 

odraža v aktivnosti človeka. Srčno-žilni sistem je ključen za telesno aktivnost pri 

človeku, zato so analize povezav genotipa s fenotipom le dodatna potrditev sistemskega 

vpliva HIF1A. 

 

Pregled objavljenih analiz povezav genotipa s fenotipom je pokazal, da se je večina teh 

osredotočila na dva nesinonimna HIF1A SNP-ja (nsSNP-ja) znotraj domene ODD: 

rs11549465 (p.Pro582Ser) in rs11549467 (p.Ala588Thr). Preučevanje teh dveh SNP-jev 

je pokazalo kar nekaj nasprotujočih povezav, kar je lahko odraz tega, da sta bila 

predmet proučevanja v številnih študijah. Oba SNP-ja, rs11549465 in rs11549467, 

imata lokacijo znotraj domene interakcij med ODD/pVHL (Clifford in sod., 2001). 

Polimorfizem rs11549465 je bil povezan tudi s pospešitvijo transaktivacije tarčnih 

genov proteina HIF1A (Huang in sod., 1998; Tanimoto in sod., 2003), kljub temu da ni 

bil identificiran za mesto na HIF1A, ki je hidroksilirano in vključeno v interakcijo z 

VHL (Yamada in sod., 2005). Ti rezultati so v skladu s predhodnjimi raziskavami Percy 

in sod. (2003), ki so dokazali, da zamenjava p.Pro582Ser in vitro ne prepreči vezave 

VHL na HIF1A po hidroksilaciji na mestu p.Pro564. 

 

Tako kot večina analiz povezav genotipa s fenotipom, so se tudi študije, ki so 

preučevale vpliv polimorfizmov gena HIF1A, osredotočile predvsem na nsSNP-je in 

veliko manj pozornosti namenile sinonimnim (sSNP-ji) ter drugim tipom ne-kodirajočih 

SNP-jev. To bi bila lahko posledica dolgoletnega prepričanja, da sSNP-ji nimajo 

velikega vpliva na fenotip glede na to, da ne vplivajo na spremembo zaporedja amino-

kislin. Četudi se je večina analiz povezav genotipa s fenotipom osredotočila na 

preučevanje nsSNP-jev domene ODD gena HIF1A in ima od O2-odvisna razgradnja 

primaren pomen pri uravnavanju transkripcijskih dejavnikov HIF, je možno, da imajo 

poleg domene ODD tudi polimorfizmi znotraj različnih domen HIF vpliv na aktivnost 

proteina HIF1A. Predvidevamo, da na vlogo domen HIF1A in posledično na njegovo 

stabilnost in delovanje kot glavnega transkripcijskega dejavnika hipoksije, lahko 

vplivajo: i) polimorfizmi znotraj domene bHLH, ki lahko preprečijo vezavo HIF1A na 

vezavna mesta HRE znotraj promotorja tarčnih genov. Poleg tega lahko tudi 

polimorfizmi znotraj HRE povzročijo nastanek ali izgubo vezavnega mesta za HIF1A in 

posledično vpliv na njegove tarče; ii) polimorfizmi znotraj domene PAS bi lahko ovirali 

dimerizacijo z ARNT (HIF1B), kar bi povzročilo nesposobnost proteina HIF1A v vlogi 

regulatorja transkripcije; iii) polimorfizmi v domeni ODD lahko vplivajo na obstoj 

proteina v normoksiji, saj so ostanki prolina (p.Pro402 in p.Pro564) običajno označeni 

za razgradnjo s kompleksom VHL/proteasom; iv) polimorfizmi znotraj regije NLS 
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(angl. nuclear location signal), ki je odgovorna za oznako proteina in prenos v jedro 

celice, lahko vplivajo na prenos proteina v jedro; in v) polimorfizmi znotraj domen N-

TAD in C-TAD imajo možnost vpliva na sposobnost transkripcijske aktivacije proteina 

HIF1A in interakcijo s svojimi koaktivatorji. Naš sistematičen pregled analiz povezav 

genotipa s fenotipom je pokazal, da imajo tudi polimorfizmi HIF1A izven domene ODD 

funkcionalen vpliv, saj so bili le-ti povezani z različnimi boleznimi in fenotipi. 

Povezave genotipa s fenotipom so bile dokazane za sledeča območja HIF1A in SNP-je: 

območje vezave TF-jev (štirje SNP-ji znotraj 5' območja navzgor od gena HIF: 

rs7148720, rs2783778, rs1535679 in rs28708675), območje vezave z ARNT 

(p.Val116Glu znotraj domene PAS), domena ODD (štirje SNP-ji: rs41508050, 

rs199775054, rs11549467 in rs11549465, katerega lokacija je znotraj N-TAD domene 

ODD), 3’-UTR (rs2057482), območje navzdol od gena (rs1319462), in znotraj intronov 

(štirje SNP-ji: rs12434438, rs1957757, rs10873142 in rs10645014). 

 

Kot že omenjeno, lahko polimorfizmi HIF1A predvideno vplivajo na vezavo z drugimi 

kofaktorji (EP300 CBP) ali kompleksi (jedrni prenašalci, VHL proteasom, PHD1-3). V 

analizah povezav genotipa s fenotipom je bilo preučevanih sedem SNP-jev znotraj 

domene ODD, ki jo za razgradnjo prepozna VHL/proteasom. Ta regija se prekriva z 

domeno N-TAD, odgovorno za vezavo s kofaktorji, znotraj katere so bili 3/7 SNP-jev 

analizirani za povezavo s fenotipom in le za rs15549465 je bila ta povezava potrjena. 

Kljub temu da je veliko preučevanih SNP-jev gena HIF1A tudi intronskih (13/30), do 

danes za še nobenega ni bil dokazan vpliv na proces izrezovanja intronov. V podatkovni 

zbirki Ensembl je navedenih pet polimorfizmov HIF1A, ki se nahajajo na območju 

prvih treh nukleotidov eksonov ali 3-8 nukleotidov intronov: TMP_ESP_14_62188452, 

rs200037213, COSM193393, rs200439820, TMP_ESP_14_6221364, vendar nobeden 

izmed njih še ni bil preučevan v analizah povezav genotipa HIF1A s fenotipom.  

 

Območja navzgor in navzdol od gena HIF1A so pomembna za vezavo transkripcijskih 

dejavnikov in funkcionalnih ne-kodirajočih RNA, kot so miRNA. Tako polimorfizmi v 

promotorju, 5'- in 3'-UTR regijah gena HIF1A predstavljajo mesta, ki lahko spremenijo 

njegovo prepisovanje ali stabilnost prepisov ter posledično vplivajo na izražanje 

njegovih tarč (Hong in sod., 2007). Predhodno objavljene študije so že eksperimentalno 

potrdile interakcije med HIF1A in TF ter miRNA, naša analiza zaporedij HIF1A za TF 

in miRNA vezavna mesta pa je pokazala, da tudi polimorfizmi v HIF1A lahko vplivajo 

na nastnek/izgubo vezavnih mest za TF-je in miRNA.  

 

Povezava med okoljem hipoksije in miRNA (HRM; angl. hypoxia-regulated miRNA) je 

bila do danes opisana že večkrat, za nekatere so celo ugotovili, da imajo pomembno 

vlogo pri preživetju celic v hipoksičnem okolju (Crosby in sod., 2009; Devlin in sod., 

2011; Kulshreshtha in sod., 2008; Kulshreshtha in sod., 2007). Kljub temu da je HIF1A 

dokazan regulator nekaterih miRNA, je bilo tudi za določene miRNA ugotovljeno, da 
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kot svojo tarčo prepoznajo gen HIF1A. Poznanih je pet miRNA, ki z vezavo v območje 

3’-UTR gena HIF1A, povzročijo njegovo destabilizacijo in razgradnjo: miR-20b 

(Cascio in sod., 2010; Lei in sod., 2009), miR-199a (Rane in sod., 2009; Rane in sod., 

2010), gruča miR-17-92 (Taguchi in sod., 2008; Yan in sod., 2009), miR-519c (Cha in 

sod., 2010) in miR-155 (Bruning in sod., 2011). Nedavne študije so celo ugotovile, da 

so miRNA povezane s ključnimi signalinimi potmi, ki se aktivirajo v hipoksiji in imajo 

posledično pomembno vlogo pri prilagajanju celic na takšno okolje (Chan in sod., 2009; 

Chen in sod., 2010; Favaro in sod., 2010; Puissegur in sod., 2011). V naši raziskavi smo 

želeli preveriti, ali se s prisotnostjo HIF1A SNP-jev lahko spremenijo tudi vezavna 

mesta za miRNA. Zato smo analizirali, če se v območjih polimorfizmov HIF1A z 

vplivom na fenotip nahajajo predvidena vezavna mesta za miRNA. Rezultati so 

pokazali pridobitev izgubo tarčnih mest za 150 miRNA, katerih vezavna mesta so bila 

razporejena preko celotnega gena (v eksonih, 3’- in 5’-UTR območjih) in ne samo v 

območju 3’-UTR. Ker je bilo za miRNA že dokazano, da so vpletene v nastanek in 

razvoj raka (Calin in Croce, 2006; Esquela-Kerscher in Slack, 2006) in da so vzorci 

njihovega izražanja lahko uporabljeni pri klasifikaciji tumorjev, prognozi in uspešnosti 

zdravljenja tumorjev, smo za teh 150 predvidenih miRNA želeli ugotoviti, koliko med 

njimi jih je že bilo spremenjeno izraženih pri raku, vključno z epigenetsko 

uravnavanimi, ter za katere med njimi je bilo ugotovljeno spremenjeno izražanje tudi v 

okolju hipoksije. Rezultati povezovanja treh različnih seznamov miRNA so pokazali, da 

je bilo med 150 predvidenih miRNA, 25 miRNA že povezanih z rakom, od teh 12 

miRNA tudi epigenetsko uravnavanih. Med temi miRNA je bilo za štiri (miR-23b, miR-

130a, miR-135a in miR-200b) dokazano, da so spremenjeno izražene tudi v hipoksiji in 

zato predstavljajo nove potencialne regulatorje gena HIF1A. Običajno se zapisi za 

miRNA, ki so že bile povezane z rakom, nahajajo blizu kromosomskih genskih 

sprememb, zato se predvideva, da imajo lahko skupine več miRNA obsežnejši vpliv na 

razvoj, napredovanje raka in preživetje. Vsaka miRNA, posamično ali v skupini, ima 

specifično vlogo pri odzivu na stres, razvoj in napredovanje kompleksnih bolezni.  

 

Poleg genov za miRNA protein HIF1A dokazano uravnava izražanje tudi nekaterih 

transkripcijskih dejavnikov (TF), kot sta TWIST1 (Yang in sod., 2008) in GATA1 

(Zhang in sod., 2012). Poznani so tudi regulatorji, ki uravnavajo prepisovanje HIF1A, in 

to so SP1 (Minet in sod., 1999), NFKB1/RELA (Belaiba in sod., 2007) in EGR1 

(Sperandio in sod., 2009). V območju navzgor od gena HIF1A (od TSS; angl. 

transcription start site) je bilo v okviru projekta ENCODE (UCSC) z metodo Chip-

sequencing določenih 62 vezavnih mest za različne TF-je. Rezultati naše analize 

vezavnih mest za TF-je na zaporedjih petih SNP-jev navzgor od gena HIF1A iz analiz 

povezav so pokazali, da se zaradi štirih SNP-jev spremenijo vezavna mesta za šest TF-

jev. Vezavna mesta za tri predstavnike družine FOX (angl. forkhead/winged helix 

transcription factors; FOXA1, FOXC1 in FOXI1) so bila spremenjena s rs1535679 in 

rs28708675. Predvideno je bilo tudi, da se zaradi SNP-ja, rs2783778 spremenita 
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vezavni mesti za transkripcijska dejavnika TAL1 in TCF3. Za polimorfizem 

rs41362550 je bilo predvideno, da naj bi v HIF1A zaporedju spremenil vezavno mesto 

za transkripcijski dejavnik HNF4A. Zanimivo je tudi, da se je edino polimorfizem 

najbližje TSS gena HIF1A, rs41362550, katerega vpliv še ni poznan, prekrival z 

znanimi vezavnimi mesti TF-jev (42 62) določenih z metodo ChIP-sequencing projekta 

ENCODE (UCSC). 

 

Polimorfizmi HIF1A znotraj domene ODD (exon 12) in njegovega promotorja so še 

posebno zanimivi za nadaljnje raziskave, s katerimi bi lahko preverili, ali preučevani 

polimorfizmi vplivajo na prepisovanje/stabilnost HIF1A oziroma preprečijo vezavo 

njegovih regulatorjev prepisovanja v območju promotorja. Te raziskave bi pojasnile, ali 

so SNP-ji res vzrok za pridobitev/izgubo vezavnih mest za TF-je in miRNA, to pa bi 

bila tudi dodatna razlaga vpliva polimorfizmov na delovanje HIF1A. Kljub temu ostaja 

odprto vprašanje, ali miRNA, ki prepoznavajo promotor HIF1A, lahko tekmujejo za 

vezavna mesta TF-jev in obratno. 

 

Po pregledu vpliva polimorfizmov na vezavna mesta miRNA in TF-jev smo iz literature 

zbrali vse do sedaj eksperimentalno dokazane tarče HIF1A, od tega 268 protein 

kodirajočih in šest ne-kodirajočih (pet miRNA in en UCR). Za analizo obogatenosti 

bioloških poti s HIF1A tarčami smo uporabili bioinformacijsko orodje DAVID, ki 

omogoča odkritje funkcionalno povezanih skupin genov iz štirih različnih baz bioloških 

poti (KEGG, PANTHER, Reactome, in BioCarta). Rezultati analize so pokazali, da so 

tarče proteina HIF1A uvrščene v 21 različnih bioloških poti, največ theh pa v sledeče 

biološke poti: metabolism of carbohydrates, diabetes pathways, in integration of energy 

metabolism. V številnih študijah so nove tarče HIF1A določili na podlagi izražanja 

genov v hipoksiji in iskanju ohranjenih vezavnih mest za HIF1A (HRE; angl. hypoxia-

response element) znotraj promotorjev teh genov. Eksperimentalno dokazana vezavna 

mesta za HIF1A so bila od začetka prepisovanja tarč oddaljena tudi do 12 kb navzdol 

(Pescador in sod., 2005) ali 5 kb navzgor od začetka tarčnega gena (Coulet in sod., 

2003). Rezultati študije Benita in sod. (2009), kjer so uporabili 21 preverjenih in 60 

predvidenih tarč HIF1A ter KEGG-ovo orodje za analizo poti, so pokazali povezavo 

tarč z enajstimi biološkimi potmi. Dvanajst od 60 predvidenih tarč HIF1A je bilo do 

danes že eksperimentalno potrjenih in vključenih tudi v našo analizo obogatenosti 

bioloških poti. Z upoštevanjem potrjenih HIF1A tarč iz študije Benita in sod (2009) smo 

z našo analizo potrdili šest bioloških poti njihove študije ter določili dodatnih 15 poti, 

kamor so bile uvrščene ostale tarče HIF1A zbrane za izdelavo Atlasa regulatorne mreže 

HIF1A. Sistemska biologija se je izkazala kot pomemben pristop določanja bioloških 

poti, v katere so uvršćene znane tarče transkripcijskega dejavnika HIF1A. Med 

potencialne nove tarče HIF1A spadajo tudi geni, ki imajo v svojih promotorjih že 

identificirana vezavna mesta za HIF1A (Benita in sod., 2009), vendar so za to potrebne 

dodatne raziskave. Pristop sistemske biologije je pomemben tudi pri identifikaciji nove 
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generacije biooznačevalcev hipoksije in z njo povezanimi boleznimi kot je rak pri 

človeku. 

 

Metabolizem celice se ob nezadostni ravni O2 preklopi iz mitohondrijsko oksidativne 

fosforilacije na proces glikolize (Zhang in sod., 2007). Povišana raven glikolize in 

znižano dihanje je bilo tudi v aerobnih pogojih opaženo pri številnih celicah raka in 

domneva se, da je ravno HIF1 vpleten v indukcijo genov, nujnih za prilagoditev celice 

(Zhang in sod., 2007). Razmnoževanje celic in preživetje je odvisno tudi od dostopnosti 

hranil, obstaja pa celo povezava med hranili in signalizacijo hormonskih poti (Marshall, 

2006). Signalne poti hranil so povezane tudi s potjo inzulina in s sproščanjem 

metabolnih hormonov iz maščobnega tkiva (Marshall, 2006). Hipoksija dejansko 

pospešuje shranjevanje lipidov in inhibira razgradnjo le-teh z β-oksidacijo (Bostrom in 

sod., 2006).  

 

V preteklih letih je postalo vse bolj jasno, da h kompleksnim genetskim procesom 

evkariotov poleg miRNA prispevajo tudi daljše (več kot 200 bp) nekodirajoče molekule 

RNA (nkRNA; angl. noncoding RNA, ncRNA) (pregled Mattick, 2009). Medtem ko je 

bil pri raziskovanju vloge in mehanizma uravnavanja izražanja z miRNA narejen velik 

napredek, je poznavanje vloge in mehanizma vpliva drugih nkRNA še precej omejeno. 

Do sedaj še ni poznana natančna vloga drugih nkRNA v procesih celice, potrebno pa je 

tudi dognati, kateri okoljski dejavniki imajo vpliv na njihovo izražanje. 

 

Zanimiva skupina daljših nkRNA molekul so regije, ki so 100% identične med 

ortolognimi regijami genoma človeka, podgane in miši (Bejerano in sod., 2004a; 

Bejerano in sod., 2004b, Calin in sod., 2007). Gre za 481 zelo ohranjenih elementov 

genoma variabilnih dolžin (od 200 do 779 nukleotidov), po katerih se imenujejo prepisi 

zelo ohranjenih regij (T-UCR; angl. transcribed-ultraconserved regions) ali zelo 

ohranjeni geni (UCGs; angl. ultraconserved genes) (Calin in sod., 2007). Njihova 

presenetljivo visoka raven ohranjenosti nakazuje na pomembno biološko vlogo pri 

različnih odzivih celice. Spremenjeno izražanje T-UCR je bilo do sedaj že povezano s 

specifičnimi fenotipi tumorjev predvsem vpletenostjo v razvoj raka. Vloga 

spremenjenega izražanja T-UCR je bila do sedaj opisana pri kronični limfocitni 

levkemiji, raku debelega črevesja in danke (CRC; angl. colorectal cancer) (Calin in 

sod., 2007), pri hepatocelularnem karcinomu (raku jeter) (Braconi in sod., 2011; Calin 

in sod., 2007) in neuroblastomu (Mestdagh in sod., 2010; Scaruffi in sod., 2010). V 

genomu človeka se lokacije T-UCR pogosto prekrivajo z eksoni genov, vpletenih v 

izrezovanje intronov RNA, ali pa so prisotne v intronih gostiteljskih genov oziroma v 

bližini genov, ki so vpleteni v uravnavanje prepisovanja genov in razvoj organizma 

(Bejerano in sod., 2006; Bejerano in sod., 2004b). Kljub očitni tkivno-specifični vlogi 

T-UCR pri uravnavanju izražanja genov, potrebnih za razvoj organizma (Bejerano in 

sod., 2004b; Mattick, 2009; Pennacchio in sod., 2006), je njihov mehanizem, ki privede 
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do spremenjenega izražanja T-UCR, še nerazjasnjen. Da bi vsaj deloma razjasnili ta 

mehanizem, smo predpostavili, da ima zmanjšana vsebnost O2 v rakavi celici vpliv na 

specifično izražanje T-UCR (Ferdin in sod., 2013). Preučevanja tega mehanizma smo se 

lotili na način, ki je bil predhodno že opisan za preučevanje miRNA v hipoksiji 

(Kulshreshtha in sod., 2007).  

 

V naši raziskavi smo uporabili različne humane celične linije raka, ki smo jih izpostavili 

hipoksiji (1% vsebnost O2) ali jih tretirali z DMOG (angl. N-(Methoxyoxoacetyl)-

glycine methyl ester), posnemovalcem hipoksije. Te celične linije so bile: HT-29, HCT-

116, rak debelega črevesja; MCF-7, rak dojk; U-87, glioblastom; in UC-2, rak mehurja. 

Pri preučevanju vloge HIF1A smo uporabili celično linijo karcinoma ledvic (786-O), 

kjer smo izražanje preiskovanih T-UCR preverili v dveh genetsko različnih linijah; z 

zapisom za VHL (VHL +) in brez zapisa za VHL (VHL −). Celice linij so se med seboj 

razlikovale v aktivnosti tumor-supresorja VHL, ki v normoksiji sodeluje pri razgradnji 

HIF1A (Kibel in sod., 1995). Izhodišče našega raziskovalnega dela so predstavljali 

predhodno objavljeni rezultati primerjave izražanja UCR raka debelega črevesja in 

izražanja UCR zdrave črevesne sluznice z uporabo DNA-mikromrež (Calin in sod., 

2007). Z metodo RT-qPCR smo dokazali spremenjeno izražanje T-UCR v vzorcih 

rakavih celičnih linij, ki so bile izpostavljene hipoksičnemu ter normoksičnemu okolju. 

Metodo prenosa western smo uporabili za dokaz prisotnosti proteinov hipoksije (HIF1A 

in CA9) in za dokaz ravni izražanja gostiteljskega gena T-UCR. Naš namen je bil 

primarno določiti prisotnost transkripcijskega dejavnika HIF1A, vendar smo zaradi 

njegove izredne občutljivosti in razgradnje v prisotnosti O2 za alternativo izbrali še 

CA9, za katerega je znano, da je neposredno induciran s HIF1A in je za razliko od njega 

stabilen v normoksiji. 

 

Napoved vezavnih mest za HIF1A znotraj promotorskih regij 5 kb navzgor in 10 kb 

navzdol od gena z bioinformacijskim orodjem TRANSFAC Match (http://www.gene-

regulation.com/pub/programs; Matys in sod., 2003) nam je omogočila, da smo se s 

funkcionalnimi analizami lahko osredotočili le na izbrane T-UCR-je, ki bi potencialno 

lahko bili uravnavani s transkripcijskim dejavnikom HIF1A. Le-te T-UCR-je smo 

kasneje usmerjeno utišali z vnosom tarčno specifične male interferenčne RNA (angl. 

small interfering RNA; siRNA) in opazovali njen vpliv na potek prepisovanja 

(transkripcije) po tretiranju s posnemovalcem hipoksije, DMOG, ter po transfekciji 

plazmidnega konstrukta s HIF1A. S kromatinsko imunoprecipitacijo (ChIP, angl. 

chromatin immunoprecipitation) smo ugotavljali neposredne interakcije med proteini in 

DNA v celici. V našem primeru smo metodo ChIP uporabili za dokaz HIF-vezavnih 

mest v bližini promotorskih regij gostiteljskih genov (angl. host genes), kjer so locirani 

T-UCR-ji. S tem smo lahko ločili tiste T-UCR-je, za katere je HIF1A kot transkripcijski 

dejavnik pomemben regulator. Po določitvi neposredne interakcije med HIF1A in 

promotorjem gostiteljskega gena smo v ekspresijski vektor navzgor od reporterskega 
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luciferaznega gena vstavili promotorski odsek z in brez vezavnih mest, ki so bila 

predvidena za interakcijo s HIF1A. Potrjevanje vpliva HIF1A in HIF2A konstruktov, ki 

omogočajo njuno nemoteno izražanje v normoksičnem okolju, in njun vpliv na 

klonirano promotorsko regijo v ekspresijskem vektorju, smo določevali z uporabo 

dvojnega luciferaznega testa (angl. Dual-Luciferase assay). S transfekcijo celic s 

specifičnimi siRNA smo ugotavljali vpliv RNA-interference na proliferacijo celičnih 

linij raka z neposrednim usmerjenim delovanjem siRNA na T-UCR-je v normoksičnih 

ter hipoksičnih pogojih. Sprva smo določili učinkovitost delovanja siRNA z določanjem 

kopij mRNA z RT-qPCR, nato smo v funkcionalne analize vključili le siRNA, katerih 

efektivnost presega 60% utišanje tarčnega gena. Te tarčno specifične siRNA smo vnesli 

v izbrane celične linije raka, preverili utišanje izražanja tarčnega gena na mRNA in 

proteinski ravni, vpliv utišanja gena na proliferacijo celic in njihov celični cikel. 

Analizo celičnega cikla smo izvedli po metodi ločevanje celic na osnovi fluorescence 

(FACS, angl. fluorescence activated cell sorting) in tako določili, v kateri fazi celičnega 

cikla je utišanje tarčnega gena s siRNA imelo vpliv na rast celic. Območje 

preučevanega T-UCR-ja smo nato vstavili v ekspresijski vektor navzdol od 

reporterskega luciferaznega gena, da bi preučili, ali ima klonirano območje vlogo 

ojačevalca prepisovanja. Potrjevanje vpliva T-UCR regije kot potencialnega ojačevalca 

smo prav tako določevali z uporabo dvojnega luciferaznega testa. 

 

Namen naše študije je bil preiskati, ali hipoksija vpliva na povišano izražanje zelo 

ohranjenih ne-kodirajočih prepisov na podoben način kot pri protein-kodirajočih genih, 

ki so uravnavani s hipoksijo, oziroma že predhodno preučenvanih miRNA. V ta namen 

smo uporabili strategijo, ki vključuje začeten pregled izražanja genov iz podatkov 

kliničnih vzorcev tumorjev, pridobljenih z DNA-mikromrežami (Kulshreshtha in sod., 

2007). V številnih tipih celic je bilo s hipoksijo povišano izražanje več zelo ohranjenih 

ne-kodirajočih prepisov (T-UCR); uc.63, uc.73, uc.106, uc.134, uc.475, ki smo jih 

imenovali HINCUTs (angl. hypoxia induced noncoding ultraconserved transcripts). S 

tem smo tudi potrdili našo hipotezo, da se v hipoksiji spremeni tudi izražanje nekaterih 

prepisov T-UTR (Ferdin in sod., 2013). Podobno kot je bilo že objavljeno za miRNA 

(Kulshreshtha in sod., 2007) smo dokazali, da ima HIF tudi ključno vlogo pri 

uravnavanju T-UCR v hipoksiji; i) z indukcijo zaradi kemikalij, ki preprečijo delovanje 

HIF prolil hidroksilaz, ii) zaradi inaktivacije delovanja tumor-supresorja VHL in iii) z 

učinkom delovanja vnesenih stabilnih HIF na izražanje ekspresijskih vektorjev z 

vključkom promotorja preučevanega HINCUT-a.  

 

Naši rezultati so predvideli, da je preučevan HINCUT uc.475 del primarnega prepisa 

(po možnosti kot neizrezan intron; angl. retained intron), ki vključuje tudi kodirajoča 

zaporedja njegovega gostiteljskega gena OGT. Vloga OGT je kataliza O-GlcNAc 

(sladkorjev) na proteine, ki so vpleteni v prepisovanje, celični cikel, celične procese in 

signalne poti (pregled v Butkinaree in sod., 2010; Love in sod., 2010). Nedavno je bilo 
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tudi objavljeno, da je izražanje OGT povišano pri raku dojk ter pri primarnemu in 

metastaziranem raku prostate (Caldwell in sod., 2010; Lynch in sod., 2012), kar podpira 

idejo uporabe OGT kot tarče za zdravljenje tumorjev. V raziskavi dokazan prepis 

hibrida kodirajočih (OGT) in ne-kodirajočih (uc.475) zaporedij dolžine 9 kb je bil 

prisoten predvsem v jedru celice in iz katerega verjetno izvira velik ali celo precejšen 

delež zrele mRNA OGT delujočega/-ih proteina/-ov, odgovornih za velik del O-

GlcNAcilacije v celici. Poleg tega ta prepis vsebuje pomemben ali celo večinski delež 

prepisov z uc.475 RNA v celici, saj se z utišanjem s siRNA-OGT močno zniža tudi 

količina prepisov z uc.475. Obratno tudi siRNA specifična za uc.475 dosledno in 

učinkovito inaktivira prepise uc.475 ter OGT. Iz prenosa northern je razvidno, da lahko 

uc.475 obstaja tudi kot samostojen prepis, vendar je le-ta lahko tudi ostanek primarnega 

prepisa OGT in zato verjetno območja uc.475 ni mogoče utišati neodvisno od njegovega 

gostiteljskega gena OGT. 

 

Naši rezultati bodo pripomogli k boljšemu razumevanju kompleksnosti genomskega 

lokusa gena OGT, saj le-ta v središču hibridnega prepisa v jedru vsebuje ne-kodirajočo 

zelo ohranjeno sekvenco (UCR) kot del neizrezanega introna. Dokazali smo, da se iz 

lokusa gena OGT prepiše več kodirajočih in ne-kodirajočih prepisov. Neizrezan intron, 

ki vsebuje regijo uc.475, ne vsebuje kodirajočih odprtih bralnih okvirjev (ORF), ampak 

vključuje drugi začetni kodon (ATG). Neizrezan intron z uc.475 je lahko tudi del 

dolgega 5’-neprevedenega območja (3,27 kb) enega izmed prepisov gena OGT (Lubas 

in sod., 1997).  

 

Inhibicija uc.475 s siRNA je predvsem v hipoksiji povzročila zvišanje števila celic v 

G2/M delu celičnega cikla, kar pa je lahko povezano tudi s tem, da celica med 

hipoksičnim stresom ni sposobna vzdrževati ustrezne ravni O-GlcNAcilacije. Menimo, 

da je vsaj del biokemijskih efektov utišanja uc.475 posledica vmešavanja gena OGT. Na 

podlagi rezultatov prenosa northern lahko trdimo, da je količina uc.475 izven hibridnega 

prepisa majhna. Poleg tega smo opazili tudi razliko med s hipoksijo induciranim 

OGT/uc.475 na ravni RNA in proteina. Pravzaprav so meritve v številnih celičnih 

linijah pokazale, da ostane protein OGT nespremenjen ali je med zmanjšano vsebnostjo 

O2 celo znižan. To je lahko tudi posledica znižanega prepisovanja genov, ki je opaženo 

tudi v hipoksiji. Višja raven prepisov uc.475 lahko potencialno služi za nadomestitev 

zmanjšane količine proteina OGT. Zato je razumljivo, da v odsotnosti indukcije mRNA 

OGT, lahko raven O-GlcNAcilacije pade do mere, ki bi potencialno že lahko ogrožala 

preživetje celic. 

 

Kaj je torej vloga ne-kodirajoče regije z uc.475 v kontekstu regulacije OGT v hipoksiji? 

Luciferazni eksperimenti predlagajo, da bi lahko ta sekvenca imela vlogo ojačevalca 

gena in bi lahko skupaj s HIF-om sodelovala pri pospeševanju transkripcije. Pretežno 

jedrna lokacija hibridnega prepisa induciranega s hipoksijo, bi poleg pospeševanja 
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transkripcije gena OGT lahko imela tudi vlogo regije, ki vzdržuje stabilnosti mRNA 

gostiteljskega gena. Do danes so bili neizrezani introni v številnih genih že dokazani, da 

pospešijo skoraj vsak korak izražanja gena in poleg tega tudi vplivajo na stabilnost 

mRNA. Medtem ko so nekatere študije pokazale, da ima neizrezan intron zelo malo ali 

nič vpliva na razpolovno dobo mRNA (Chang in sod., 2006; Nott in sod., 2003; Ryu in 

Mertz, 1989), so druge potrdile pomembnost neizrezanega introna za stabilnost mRNA 

in pri podaljševanju njene razpolovne dobe (Gencheva in sod., 2010; Wang in sod., 

2007; Zhao in Hamilton, 2007). V hipoksičnih celicah je bilo tudi opaženo, da 

neizrezani introni zavirajo mehanizme razpada RNA (NMD; angl. nonsense-mediated 

RNA decay), da bi se s tem omogočilo izražanje genov, ki so kritični za hitro 

prilagoditev celice na stres (Gardner, 2008). Poleg tega številne študije poročajo, da so 

različno izrezani introni ključni za optimalno izražanje genov (Buchman in Berg, 1988; 

Le Hir in sod., 2003; Nott in sod., 2003). Ena možnost, kako introni lahko vplivajo na 

prepisovanje, je, da imajo vlogo skladišč za regulatorne elemente prepisovanja, kot so 

na primer ojačevalci in represorji (Le Hir in sod., 2003). Ne samo, da so potrebne 

nadaljnje raziskave mehanizma indukcije gena OGT, ampak je nujno tudi podrobnejše 

razumevanje vloge številnih prepisov tega gena. To je sicer tudi prva študija, ki je 

usmerjeno preučevala vlogo T-UCR-jev kot del odziva na hipoksijo in tako deloma 

prispeva k boljšemu razumevanju medsebojne interakcije med kodirajočimi in ne-

kodirajočimi prepisi v stresnih okoliščinah. S tem pa smo dokazali vsaj eno, če ne celo 

dve, novi tarči gena HIF, ki jo/ju lahko vključimo v njegovo regulatorno mrežo. 

 

Izdelani Atlas regulatorne mreže gena HIF1A predstavlja centralno mesto, ki bo 

omogočilo pospešitev raziskav za preučevani TF. Če povzamemo, so bili analizirani 

SNP-ji gena HIF1A do sedaj povezani že s številnimi fenotipi in boleznimi pri človeku. 

V naši študiji smo predvideli, da imajo HIF1A SNP-ji vpliv na pridobitev/izgubo 

vezavnih mest za TF in miRNA, kar bi lahko bila tudi ena izmed razlag funkcije 

polimorfizmov na izražanje HIF1A. Z metodo obogatitve bioloških poti, kamor so 

uvrščene tarče HIF1A, smo določili tiste, ki bi lahko bile ključne za prilagoditev celice 

in njeno preživetje v hipoksiji. Predstavljen način izdelave Atlasa regulatorne mreže 

gena HIF1A v tej študiji je možno uporabiti za izdelavo Atlasa regulatorne mreže TF-ja 

po izbiri. V tej raziskavi je bila prvič dokazana tudi povezava med znižano vsebnostjo 

O2 in dolgimi prepisi zelo ohranjenih regij (T-UCR), ki smo jih poimenovali HINCUT. 

Te regije se izražajo pretežno v jedru celice in je HIF vsaj deloma odgovoren za 

indukcijo prepisovanja nekaterih izmed njih. Prepis uc.475, ki smo ga podrobneje 

preučevali, je del neizrezanega introna gostiteljskega gena OGT, ki je ključen za 

potranslacijsko modifikacijo proteinov celice. Naši rezultati tako predstavljajo prvi 

vpogled v nove funkcije omrežja hipoksije, ki ga sestavljenjo protein-kodirajoči in ne-

kodirajoči prepisi RNA. 
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ANNEXES 

ANNEX A: 

The most significantly overexpressed T-UCRs in colorectal cancer and their expression in hypoxia versus 

normoxia after 24 and 48 h 

 

Probe 

for 

T-UCR 

CRC/colon 

mucosa 
P-value 

HCT-116 

HYP/NORM 

(24 h) 

HCT-116 

HYP/NORM 

(48 h) 

MCF-7 

DMOG/DMSO 

(24 h) 

MCF-7 

DMOG/DMSO 

(48 h) 

uc.339  2.17 2.33E-09  1.53 NA 0.93 1.81 

uc.145A  1.79 0.000253  NA NA 2.09 NA 

uc.112  1.71 1.88E-14  0.71 0.73 2.71 1.04 

uc.398  1.54 0.000777  2.50 0.43 0.57 2.08 

uc.134A  1.53 2.92E-08  1.06 2.01 2.69 2.28 

uc.18  1.50 0.000536  2.56 1.85 2.71 1.04 

uc.230  1.40 0.00000316  0.25 0.07 NA NA 

uc.300A  1.37 0.000208  1.57 0.14 NA NA 

uc.388  1.37 0.00000305  1.22 1.22 1.2 3.19 

uc.63A  1.36 0.00305  0.97 2.51 2.04 2.11 

uc.266A  1.36 0.00081  0.27 0.06 0.82 NA 

uc.412  1.31 0.000105  1.30 1.91 1.33 1.76 

uc.73A  1.31 0.000972  1.10 2.56 1.28 2.05 

uc.383  1.31 0.000308  NA NA NA NA 

uc.362  1.29 0.000603  NA NA NA NA 

uc.470A  1.29 0.000253  NA NA NA NA 

uc.246  1.28 0.000511  1.03 1.76 1.9 2.77 

uc.106  1.28 0.00137  1.02 2.07 1.44 2.51 

uc.420A  1.27 0.000013  1.86 2.36 0.69 1.25 

uc.341  1.24 0.000045  0.61 0.56 0.65 1.06 

uc.200  1.24 0.000763  1.04 2.75 2.97 1.28 

uc.475  1.24 0.00455  1.79 2.09 2.02 2.30 

uc.468A  1.23 0.000198  0.72 NA 0.84 1.38 

uc.63  1.22 0.000511  0.97 2.51 2.04 2.11 

uc.182  1.22 0.000355  0.95 0.21 1.01 1.99 

uc.111  1.21 0.0000404  1.26 2.45 1.44 1.85 

uc.326  1.21 0.000355  1.22 0.59 1.27 2.77 

 

NA, data not available; DMSO, dimethyl sulfoxide; DMOG, dimethyloxalylglycine; HYP, hypoxia; 

NORM, normoxia; CRC, colorectal cancer; T-UCR or uc, transcribed-ultraconserved region. 

  



 

 

ANNEX B: 

Oligonucleotide pairs used for gene expression analysis 

 

Oligonucleotide ID Sequence  Direction  
Primer 
length (nt)  

Product 
size (nt) 

Tm 
(°C)  

uc.18  
TTTAAGTGATGTCGGGGAGAA  Forward  21  151  60  

TTTGATGGGCTGGGATAAAG  Reverse  20  151  60  

uc.63  
AGCCAAATGTCATAGTGCAT  Forward  20  104  52  

GAGATGATTAGAGGAACAGAAAG  Reverse  23  104  51  

uc.73  
TACTCCATGCAGGACCCAAC  Forward  20  155  61  

GAGCATTGGTAAAGCCTTCG  Reverse  20  155  60  

uc.106  
TGCAGCCTAATTGTGGACAT  Forward  20  132  55  

GATTTCCACATCCCGGAGTA  Reverse  20  132  56  

uc.111  
GAAGCCCCCTACCTTTCAA  Forward  19  126  55  

CCCTGGTACTGCCTGGAAT  Reverse  19  126  56  

uc.112  
TGACAGCGAAACACACCTGTA  Forward  21  134  56  

CAACACTCTGTGCCCCATTA  Reverse  20  134  56  

uc.134  
GAGCACAAAGCATTAGTTTGGA  Forward  22  131  56  

CCTTCCCCATTTTAGTGTTCA  Reverse  21  131  55  

uc.145  
GCGTGGATGGGAATTTCTA  Forward  19  102  55  

TCTCGGTTATTTCACAGGCA  Reverse  20  102  55  

uc.182  
ACAGCTGGCACCTGCTACT  Forward  19  85  55  

CCCTTTAAGCCATTCTTGAGT  Reverse  21  85  54  

uc.200  
CTGCCTCGCCATACTAATGA  Forward  20  105  55  

CCTAGAAAGGACCTGTCCTGA  Reverse  21  105  55  

uc.230  
CTCCTGGCAAATATGGGACT  Forward  20  77  55  

TGAGAAGCAGGTGCTGGAGT  Reverse  20  77  57  

uc.246  
AACAAAAGGGCGAGACAAGA  Forward  20  165  60  

TCTTTACAGGCGGGAAGATG  Reverse  20  165  60  

uc.266  
TGGAACGCTCATCTGGCT  Forward  18  107  56  

CTTCTGCCAGCCTCGTTT  Reverse  18  107  55  

uc.300  
TCTGGAAAGAATGGAAGGGA  Forward  20  106  56  

CTTTCACCTTGCCAAGAGCT  Reverse  20  106  56  

uc.326  
TTGTCCTGACACCGTTTGAA  Forward  20  100  56  

TACTGGTCGGCAGAGACTTTC  Reverse  21  100  56  

uc.339  
CGACGCCATTACAGGAATG  Forward  19  90  56  

AAGATGGATTGGCCGCAT  Reverse  18  90  57  

uc.341  
GGAAATTGGCTGACAGCAA  Forward  19  79  56  

CTTTCTCCAATTCCAGCGTC  Reverse  20  79  56  

uc.362  
GTGTGCTGCCTTTGAGCA  Forward  18  111  55  

CCTGGTTGCCATAGCATCTA  Reverse  20  111  55  

uc.383  
TCTCTCTGCGGCCGTTTA  Forward  18  99  57  

TGCCCTAAACAATGTGCATC  Reverse  20  99  56  

uc.388  
ATGAAGTCATCAGGCATGGA  Forward  20  108  55  

TCACAGTCTATCGGGCACAA  Reverse  20  108  56  

uc.398  GCTGCACTGCAGAGACACAT  Forward  20  83  56  

(Continued) 



 

 

Oligonucleotide ID Sequence  Direction  
Primer 
length (nt)  

Product 
size (nt) 

Tm 
(°C)  

ACTCCGCTCCTCACATCCT  Reverse  19  83  56  

uc.412  
GAAGACAGTGGAATCGGTGTT  Forward  21  106  55  

AGCAAATCCTTTGCTTTGCT  Reverse  20  106  56  

uc.420  
CCACATCTGTAAGGTGTTGCA  Forward  21  66  56  

GCTGTTGTGGTGTGCAAAACT  Reverse  21  66  57  

uc.468  
TAGCAGCGGCTCTGCATTA  Forward  19  110  57  

GCTTTGCTCAACAACACCATT  Reverse  21  110  57  

uc.470  
TGGAGACTTCGCTGAAGTCA  Forward  20  66  56  

TCATATCCCACGCTTCTCTG  Reverse  20  66  55  

uc.475  
CAGGTGGGTGAAACCTCCTA  Forward  20  100  56  

TGGAAGAGGAGGAGGAGGTT  Reverse  20  100  56  

OGT 1 TTAGCTGAGTTGGCACATCG Forward  20 363 64 

OGT 1 TTGTACTGCCCCTTCCATGT Reverse  20 363 64.3 

OGT 1/2 TGAGTTCCGACTTTGGGAAT Forward  20 285 63.4 

OGT 1/2 GGAAGTTTGTGCCATCGTCT Reverse  20 285 64 

OGT-intron 12 GCACTTCATAAGACGGAATCC Forward  21 87 58.7 

OGT-intron 12 ATTATGGCTTTCAACTTAAAG Reverse  21 87 51 

Oligonucleotides for northern blot  

uc.475 probe 
TTACAGACTTGAGACTGTCCTCATT Forward  25 365 58.6 

AAGCTGTTTCTGAAGCCACAA Reverse  21 365 60 

OGT probe 
TTAGCTGAGTTGGCACATCG Forward  20 363 60 

TTGTACTGCCCCTTCCATGT Reverse  20 363 60.4 

PPIA probe 
CAGACAAGGTCCCAAAGACAG Forward  21 298 59.7 

TTGCCATCCAACCACTCAGTC Reverse  21 298 63.4 

Oligonucleotides for reference genes     

GAPDH 
ACCCAGAAGACTGTGGATGG Forward  20 200 60.0 

TCTAGACGGCAGGTCAGGTC Reverse  20 200 60.4 

PPIA 
CAGACAAGGTCCCAAAGACAG Forward  21 298 59.7 

TTGCCATCCAACCACTCAGTC Reverse  21 298 63.4 

RPLP0 
CCCAATTGTCCCCTTACCTT Forward  20 225 60 

ACCCAGCTCTGGAGAAGTCA Reverse  20 225 60 

 

Nt, nucleotide. 
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ANNEX C: 

Small interfering RNA (siRNA) sequences used for silencing assays 

 

siRNA 
Target 

name 

Orientation 

of oligoNT 

OligoNT 

sequence 

Start 

position 

within 

target 

Target sequence 

1 
uc.475+ S GACUGUCCUCAUUCCCAUAdTdT 13 GACTGTCCTCATTCCCATA 

uc.475+ AS UAUGGGAAUGAGGACAGUCdTdT 13 TATGGGAATGAGGACAGTC 

2 
uc.475+ S GCUUCAGAAACAGCUUAAAdTdT 350 GCTTCAGAAACAGCTTAAA 

uc.475+ AS UUUAAGCUGUUUCUGAAGCdTdT 350 TTTAAGCTGTTTCTGAAGC 

3 
uc.475+ S GGUGAAACCUCCUAUUCCAdTdT 153 GGTGAAACCTCCTATTCCA 

uc.475+ AS UGGAAUAGGAGGUUUCACCdTdT 153 TGGAATAGGAGGTTTCACC 

1 
uc.63+A S GCACUAUGACAUUUGGCUUdTdT 206 GCACTATGACATTTGGCTT 

uc.63+A AS AAGCCAAAUGUCAUAGUGCdTdT 206 AAGCCAAATGTCATAGTGC 

1 
OGT S GGAAUAUCCGUGAAGGGAUdTdT 4727 GGAATATCCGTGAAGGGAT 

OGT AS AUCCCUUCACGGAUAUUCCdTdT 4727 ATCCCTTCACGGATATTCC 

2 
OGT S CAAAGCAUUUCUUGAUAGUdTdT 2158 CAAAGCATTTCTTGATAGT 

OGT AS ACUAUCAAGAAAUGCUUUGdTdT 2158 ACTATCAAGAAATGCTTTG 

3 
OGT S GAAGAAAGUUCGUGGCAAAdTdT 2905 GAAGAAAGTTCGTGGCAAA 

OGT AS UUUGCCACGAACUUUCUUCdTdT 2905 TTTGCCACGAACTTTCTTC 

4 

OGT pre-

mRNA 

S GCACUUCAUAAGACGGAAUdTdT intron 12 GCACTTCATAAGACGGAA 

OGT pre-

mRNA 

AS AUUCCGUCUUAUGAAGUGCdTdT intron 12 ATTCCGTCTTATGAAGTGC 

 

OligoNT, oligonucleotide; S, sense, AS, antisense. 

  



 

 

ANNEX D: 

Predicted HIF1A-binding sites for selected T-UCRs 

 

Region of prediction Genome location 

Type of weight 

matrices 

Weight Genomic location * Position 

sequence 

Orientation 

uc.63_Promoter.txt chr2:61616997-61623173 

Q3 7.05 chr2:61617762-61617775 ggccacgtgatgca + 

Q3 5.73 chr2:61618994-61619007 ctgggcctccgccc + 

Q3 6.60 chr2:61622957-61622970 ctgggcgtgatggt + 

Q3 5.94 chr2:61620076-61620089 ggcaacgtgcatgt - 

Q3 8.65 chr2:61617333-61617346 gagtgcgtgctcct - 

Q5 8.50 chr2:61618122-61618135 ccggcgtggggc - 

Q6 8.15 chr2:61617951-61617964 cgcgtgtgc - 

uc.106_Promoter.txt chr2:174743290-174747867 

Q6 7.02 chr2:174746352-

174746360 

ggcgtgagg + 

uc.73_Promoter.txt chr6:99378079-99392321 

Q3 5.37 chr6:99379409-99379422 cggtggctgcgcgg + 

Q3 5.47 chr6:99383930-99383943 gtgtgcgtgtgcgc + 

Q3 6.41 chr6:99383932-99383945 gtgcgtgtgcgcgc + 

Q3 7.04 chr6:99386614-99386627 gtacacgtgcagcc + 

Q3 5.58 chr6:99387154-99387167 ctgagtctgcgcgc + 

Q3 9.79 chr6:99387252-99387265 ccgcgcttgcgctg + 

Q3 8.03 chr6:99387308-99387321 gcgcgggtgcgcgc + 

Q3 7.36 chr6:99387316-99387329 gcgcgcgtggtggg + 

Q3 5.67 chr6:99390524-99390537 ttccgcttgcgccc - 

Q3 6.54 chr6:99390220-99390233 gcgcgcctgggtgg - 

Q3 6.35 chr6:99389124-99389137 acgcgcctgggccc - 

Q3 5.51 chr6:99387763-99387776 agcggcgtgaccgc - 

Q3 5.55 chr6:99387252-99387265 cagcgcaagcgcgg - 

Q3 7.06 chr6:99387046-99387059 aggcgcgtgacttt - 

Q3 5.33 chr6:99385946-99385959 gttgacgtggagag - 

Q3 5.32 chr6:99383946-99383959 gcgcgcgtgtgtgt - 

Q5 8.25 chr6:99380305-99380316 tcggcgtgggcg + 

Q5 9.33 chr6:99382048-99382059 gccgcgtgcggg + 

Q5 7.10 chr6:99386615-99386626 tacacgtgcagc + 

Q5 8.58 chr6:99390336-99390347 cggacgtggggc + 

Q5 7.57 chr6:99388240-99388253 cctgcgtgggct - 

Q5 9.94 chr6:99388130-99388143 cctgcgtgcgcg - 

Q5 7.87 chr6:99387762-99387775 gcggcgtgaccg - 

Q5 7.25 chr6:99387045-99387058 ggcgcgtgactt - 

Q5 9.27 chr6:99382700-99382713 cccgcgtggggg - 

Q5 8.60 chr6:99379726-99379739 caggcgtgcgtg - 

Q5 9.61 chr6:99379722-99379735 cgtgcgtgagcg - 

(Continued) 



 

 

Region of prediction Genome location 

Q6 8.22 chr6:99382050-99382058 cgcgtgcgg + 

Q6 7.16 chr6:99383933-99383941 tgcgtgtgc + 

Q6 7.62 chr6:99389133-99389141 cgcgtgccg + 

Q6 6.43 chr6:99390251-99390264 ggcgtgtcc - 

Q6 8.79 chr6:99388128-99388141 tgcgtgcgc - 

Q6 7.98 chr6:99387760-99387773 ggcgtgacc - 

Q6 7.62 chr6:99387407-99387420 cacgtgtcc - 

Q6 8.71 chr6:99379720-99379733 tgcgtgagc - 

uc.475_Promoter.txt chrX:70668972-70670441 

Q3 5.90 chrX:70669486-70669499 gctcgcatgcgcgg + 

Q3 5.76 chrX:70669486-70669499 ccgcgcatgcgagc - 

Q5 9.35 chrX:70670194-70670205 cacacgtgcgcg + 

Q6 9.85 chrX:70670196-70670204 cacgtgcgc + 

uc.134_Promoter.txt chr3:159306900-159312000 

Q3 10.73 chr3:159310839-

159310852 

cggggcgtgcgcag + 

Q3 8.21 chr3:159310860-

159310873 

gtgcgcatgcgtcc + 

Q3 6.85 chr3:159310860-

159310873 

ggacgcatgcgcac - 

Q3 6.08 chr3:159310662-

159310675 

gttgacgtgcaagc - 

Q5 7.72 chr3:159310999-

159311012 

ggaacgtggggc - 

Q6 8.66 chr3:159310842-

159310850 

ggcgtgcgc + 

 

*Location data are according to the UCSC genome browser (assembly NCBI36/hg18). Chr, chromosome; 

Position weight matrices for HIF1: Q3, V$HIF1_Q3 (gnnkACGTGcggnn); Q5, V$HIF1_Q5 

(ngtACGTGcngb); Q6, V$HIF1_Q6 (nRCGTGngn); +, sense; -, antisense.  
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ANNEX E: 

HIF1A sequence with highlighted variations obtained from Ensembl Genome Browser, including 30 

SNPs from human association studies 

 

# SNP ID [substitution] Genomic location SNP type 

1 rs2783778 [C>T] 5’-flanking  

2 rs7148720 [T>C] 

3 rs1535679 [A>C] 

4 rs28708675 [A>T] 

5 rs41362550 [T>C] 

6 rs7143164 [G>C] intron 1  

7 rs1951795 [A>C]  

8 rs12435848 [A>G  

9 c.111C>A p.Ser28Tyr exon 2 non-synonymous 

10 c.347T>A p.Val116Glu exon 3 non-synonymous 

11 rs4899056 [T>C] intron 4  

12 rs1957757 [T>C] intron 6  

13 rs12434438 [G>A]  

14 rs11158358 [G>C]  

15 rs2301111 [G>C] intron 7  

16 rs10873142 [C>T] intron 8  

17 rs41508050 [C>T] p.Thr418Ile exon 10 non-synonymous 

18 rs2301113 [C>A] intron 10  

19 rs41492849 [C>T] p.Pro564= exon 12 synonymous 

20 rs34005929 [G>A] p.Leu580= synonymous 

21 rs11549465 [C>T] p.Pro582Ser non-synonymous 

22 rs11549467 [G>A] p.Ala588Thr non-synonymous 

23 rs199775054 [G>C] p.Ala593Pro non-synonymous 

24 rs61755645 [A>T] p.Thr600= synonymous 

25 rs4902080 [T>C] intron 12  

26 rs10645014 [insGT] intron 13  

27 rs4902082 [C>T] intron 14  

28 rs2057482 [T>C] 3’-UTR  

29 rs1319462 [G>A] 3’-flanking  

30 rs17099207 [G>A] 3’-flanking of HIF1A;  

5'-UTR of SNAPC1 

 

 



 

 

 

HIF1A-001UCSC >hg19_dna range=chr14:62133556-62133956 5'pad=200 3'pad=200 HIF1A SNPs 

acaccattgcactccagcctgggtgacaagagcaaaactccgtctcaaaaaaaaaaagaaaaagaaaaagaaaaaaaatgcaaattaaaacca

cactccagcctgggcaacagagtgagactccatctcaaaaaacagaaaaaagaaataaaacactgtttctgcacttaaggacttctcagactggta

ctgggcacagt c gggtaaggaggcagttgtcctccagggaagtaagtgccatggtagaaactccagctatctatgtgttgataacgctcagcctat

aactttgtctcacatactcaggagctttctgggtacctccacttggatgttcctcagaaaatcagaaatcaccctgaacatttaaaagagaaagtgta

atgctgcacagggaagac............... 

 

 

1.) rs2783778 

UCSC >hg19_dna range=chr14:62142589-62142989 5'pad=200 3'pad=200  

gcctgagtgccaaacacattctttactgcccctactgtggagtagtagccctacattcttctgacgatcaggaacaattactttttgccaggatagtga

ttccttttcttgcttgctagtctcttgtaaaatagagcccaaagtgaccaggtaacagctggagctcaaaatgcaatactttttttttaaattttattaag

t tccgggatacatgtgcaagtttgttacataggtaaacatatgccatggtggtttgatgcacctatcaacccatcacctaggtattaagccctgcatg

cattagctatttatcctgatgctctacctcaccctgccactacccctcaccccaacaagccccagcatgtcttgtgcccctccctgtgtccatgtgttctc

at.................... 

 

 

2.) rs7148720 

Ensembl 5'upstream sequence (2500 bp)  

....................tgaatattca a aaatttttttgctgatcaaattatcattctgctttaaacttttgaaatgatccaaaaaaattttaaatgacttagat

ttactgttacaaaatgcttgtcttttgatgtcacaaacattatatactataatcactggccagagataattgctataagtataatgaaaagggaaatg

atggaagatctctgcagctatcctcataaatgagggtgggaacacgatgggcagttccaaagttgaaaatagagaatat a tgtggatttatattaa

cataattggtattcttggatagttaaaaatggctaaactgtaggagaagcccgagtaattactgttaacagaggaataaatttgagggcaataataa

tgatgataggccaggcactgtggctcatgcctgtaatcccagcactttgggaacccgaggcgagcggaccacctgaggtcaggagttcgagagcag

cctggccaacatggtgaaacctcgtctctactaaaaatagaaaaattatccgagtgtggtggtgcgtgcctgtaatcccagctacttgggaggctga

ggcaggagaatcacttgtacctgggaggcggagttgcagtgagccgaaatcgcgccactgcgctccagcctgtgggccagagcgagactccgcctc

agaataataataatgataataataataacgccaccaacaatactaagagctaacatttactgagtgcttactatgcaccagatattgttctaagtata

catttattatctcatttaaccatccataatactgtggtatagacacttttatatccattttataaataagtaaactgagttatggagagattaaacgact

tgccagtaagattcaaagcctgtgtacaagctcacgcttgattctggagccagtgttcttaacacagtatcttgagaatgttaaactaaaaagttttta

atttacagtattctttccacaattaaaaaagaaattatgagtaattatttttagttctttcttctcttcaggcatttcccatggttcttttcaagacataat

acatatcatttagtgttgtagatctgaaaaaacaaaagtagcgtgaagatcaaaaattttctaaagagacggagtctcgctacgttccctaggctgg

3.) rs1535679 

 

4.) rs28708675 
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aacacccaggcttctccagcctcacacctctgagtagctggaaccaccctgtccgctaaggtcaatgtttaatcgtatctttgtaggtctactgaccag

ttaaaaagaggtgctgtatacattggttgttgtcttgtcagagtttgatgcttctatatagaccattgtttttacatgctaatacaattgaaagccactac

agatatttatatttacaacccaaagctaggttttaacaagaaactcataaggcaaaggtgagaagtaaaataatttagcgccaagtggagatatat

gtgcaatgctactttgttgggctcaaaacatatttttcttttagaagactgacaggcttgaagtttatgcctccaaagacaaaagtgattatgttttgttt

agtagcttgcaaagttgccaaaggccattttttctactctttccctgaaattggtttatatgcttattaaagtcatttatacctatttgcaaatgcttaaca

tagtttcagattttaagatttccctgcaactttatttcccttgaagtttacagcaacaggagttcatttttatttttaattgcatttattcagtaagtaaact

ccgccacagaaaaacttagtagacaaggtgagttcccctgtgctccgtggcaaagagtgcggtgggtgacattgacccatggttaggtaatctggta

aggaaagaccccgttgtaacacatctgagcaacgagaccaaaggaagggcttgctgccacgaggcgaagtctgcttttttgaacagagagcccag

cagagttgggcggcaatcgtgcccagcactgaggccgaggagaaagagagcaggagcattacattactgcaccaagagtaggaaaatatgatgc

atgtttgggaccaggcaaccgaaatcccttctcagcagcgcctcccaaagccgggcaccgccttccttcggagaaggcgcagagtccccagactcg

ggctgagccgcacccccatctcctttctctttcctccgccgctaaacacagacgagcacgtgagcg t cgcagcccgtcccagctgtgcctcagctga

ccgcctcctgattggctgagagcggcgtgggctggggtggggacttgccgcctgcgtcgctcgccattggatctcgaggaacccgcctccacctcag

gtgaggcgggcttgcgggagcgcgcgccggcctgggcaggcgagcgggcgcgctcccgccccctctcccctccccgcgcgcccgagcgcgcctccg

cccttgcccgccccctgacgctgcctcagctcctcagtgcacagtgctgcctcgtctgaggg 

 

 

 

 

 

 

 

 

 

 

 

5.) rs41362550 

ENSE00001520256 62,162,258-62,162,557 (300 bp)  

GACAGGAGGATCACCCTCTTCGTCGCTTCGGCCAGTGTGTCGGGCTGGGCCCTGACAAGCCACCTGAGGAGAG

GCTCGGAGCCGGGCCCGGACCCCGGCGATTGCCGCCCGCTTCTCTCTAGTCTCACGAGGGGTTTCCCGCCTCGCA

CCCCCACCTCTGGACTTGCCTTTCCTTCTCTTCTCCGCGTGTGGAGGGAGCCAGCGCTTAGGCCGGAGCGAGCCT

GGGGGCCGCCCGCCGTGAAGACATCGCGGGGACCGATTCACCATGGAGGGCGCCGGCGGCGCGAACGACAAG

AAAAA 

 

Intron1-2 62,162,558-62,187,099 (24,542 bp)  

gtaagcccattccctcggcccgccgccttctcccccggcgaccccgcccgcctgcccgccctgggctcctgggccggcctcggcgttaatgggattgg

ggggggcagcctttttgtttctgctgctgctcccctcccctctcttcccccaacctcgccggccgggctcccccgctgtccacgtcgccatcttgtcgtgg

ggggtgggagacgcctcgaaagtgctttcaggggccggggtctgagccctgcttgccctccccgccggccgtgggggcctcgcgccgcccacctacc

cgcctcaaaaacccagcctgctctgtggccccatccggaggggactttacccagcctgaaaaccccgggaagagaaatgagctgcagctcggtag

ccgcggtttgcacccggagcttccgctccttcccgcccccatcctctccagttccattgaaaactcggccctggggcggaccctgcacgctggtcctgg

ctttccagtggacttggggccttgagttcccgactgagggactcgcgtggtcggatgcgatcttgtcctgtagttgtccagccgtcgcgggtgtctttgc

ctttgtgcattagggatttgccgcgatggccttaagatgcgaactttttagtttgcacgtgcaggttttgtttcgttttaatcgccttgaaaaacttgcct

agactgagagtcagagtaatgggaatttagggaaatggcaacattttaaagagaacttcagaattggatacttgagttcatatcacctgtcacgag

aacgcagatattataaatgaatatatgcctcattcattcttcaaataatgaaaatgtaggggctggttaaatttaggcagttttaatgatactgaaaa

aagtatatgatgagtgaatgaaatgcggcactaaaatgttgcaaaaattttcgaactctgtctcattttcctgaaattgaagtatattaaaggaaaac

cgtcaacatatatctaaagtaagtaatcactcggttagaacttaatgcaagttttataaatcaccttgaagtttgagtctaaggggtacattagagatt

aagaattgtgagttggaccagtggtgttaagagcggactcccccatcccccaacacacacacaattttgcccactttggcattttaacttttaaggaa

atcacttaaggaattgaagatttagagtaagagttttggttagtagactggctttgctgttaaatccttccactcttctggcagagagattaatttccct

aatcagtatcagcagaagataaacttgtttatattcctgctgttttgtagatcccttctcctggtccttcttcaatagaatattaaattcttagtttgtata

cagcagagaaggtcacttataaaattcaaaaagtgagcaaacaggtctagattaattccaagagttaccaggaattaattgcagtttattttgcgga

ggtgattacagtgcttttgatgaaatgataaagctgctatattgtaaacctaaggcagattacctctgtgtagtgccagttttctatccttattatatatt

gaatcatacttaatacaatgcattaaattatgtaccactttttttatatacagtatcgaactcattgttttgccattcatccgttcagaatatcagaagca

gttttgaaacgaattaataaattagctactgttcatcagccccaattctaaataagctcttagattttcctcagcccatctgttactttcaaaattttctc

atttgaaaacttggcaaccttggattggatggattcatatttcttagtatagaagttcttgatataactgaaaaattaagttaaacacttaataagtgg

tggttactcagcacttttagatgctgtttataatagatgaccttttctaactaatttacagttttttgaaagataactgagaggttgagggacggagatt

ttcttcaagcaattttttttttcattttaaatgagctcccaatgtcggagtttggaaaacaaatttgtctttttaaaagaaggtctaggaaactcaaaac

ctgaagaattggaagaaatcagaatagaaaatgggtatggttatgatactgtagatttaacgcaggacatttcatgttgttcctagttataggggctg

aacttatttaatagcacgtgcattttgatttttagatttttaagggaatgtcaagagagtaatgattctgtttcaggcttcaggccagactccttcagag

ttttccaaaacaaataattactgaatcattaaagtaaaatttctgagaatagatattccttaatttccttcattaactttggccattaaaagtcaagaa

gctctctcatttattagcaaacttttctccttatgattctattttgattgtccttttgtttgaggaagcagcatatggtggttaagagcataggatctagag

gcagatacctctgagttaagggtcccagcccttcacttgtgagcttgagcaagttactgaatgcctctgagcctctttcctccttttgaaatgatgataa

gaatagcagccatctgagcagttattgtaaaggttaaatgagataatgcttgtgaagcacttagcccattgcaggagtcttgatgacactgtgtactt

gaaaatagatgttacctgttaaaattcttgtttaaacttccacaactcttaaaactcttttttgctagtccttccagctgtttcctttagtttcttttctgtgt

cttcatgcatcttttctatctcctgaaagtgaaaagactaacattggatccagagcttgaaaagcgtttttttcctgttacaatgggcaaaagagtaca

tccttgggttatattggcacctagtatcagttatttttcttgagcatctgatctgctctctactctagtggaggcctcctgcttcacaattgctcacccctg

tgttttctccccaaatagaatactgagtttactctggactctagagtcaaacatacacagtattctagtcttactgttcatttaagcaagatatgtgcaa
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(Continued) 

http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs189506308;vf=50368221
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs146159178;vf=37116172
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs146159178;vf=37116172
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs200914234;v=rs72334465;vf=55577406;vf=16799242
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs200914234;v=rs72334465;vf=55577406;vf=16799242
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs71907156;vf=16553909
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs34644064;vf=11074910
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs138925032;vf=30934055
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs141168564;vf=32856106
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs984788;vf=778732
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs5809115;vf=3977201
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs182347332;vf=43204680
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs182347332;vf=43204680
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs143437030;vf=34792662
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs7156167;vf=4996748
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs41362550;vf=47950842
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs148014457;vf=38695219
http://www.ensembl.org/Homo_sapiens/Location/View?db=core;g=ENSG00000100644;r=14:62162208-62162607;t=ENST00000337138
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs117037524;vf=29481207
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs187003109;vf=47861422
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs117883794;vf=29861326
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs11549466;vf=7855641
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs111371339;vf=24316694
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs191035204;vf=51898397
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=TMP_ESP_14_62162490;vf=57049692
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=TMP_ESP_14_62162515;vf=57049699
http://www.ensembl.org/Homo_sapiens/Location/View?db=core;g=ENSG00000100644;r=14:62162508-62187149;t=ENST00000337138
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs113855813;vf=27183099
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs182448149;vf=43302613
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs113439501;vf=26707879
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs113439501;vf=26707879
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs150526501;vf=40831043
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs190166059;vf=51029807
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs143460512;vf=34813443
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs183206454;vf=44069714
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs73325593;vf=17535940
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs187495928;vf=48356747
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs76237089;vf=20098472
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs142955738;vf=34384027
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs146166254;vf=37120289
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs79680357;vf=23484847
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs79680357;vf=23484847
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs77241967;vf=21084292
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs140174882;vf=32000677
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs191419784;vf=52284706
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs149779538;vf=40196922
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs34675544;vf=11101813
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs184062516;vf=44919704
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs188668191;vf=49526717
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs192744976;vf=53613270
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs144690355;vf=35860556
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs183574275;vf=44430918
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs183574275;vf=44430918
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs57603998;vf=13386599
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs1015447;vf=815404
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs113243889;vf=26476836
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs187111747;vf=47969169
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs140402206;vf=32194646
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs148499408;vf=39108295
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs112395860;vf=25508270
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs191665879;vf=52529057
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs1040995;vf=825547
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs2301104;vf=1881119
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs2301105;vf=1881120
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs147681046;vf=38410511
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http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs144399868;vf=35613474


 

 

gacactgcattcttagtactggcagtaagttaaaacatttttcgtcttgatgccaaagtttagacaattttataaaaattaacctttgtaaaagataat

gagttgataaaatattctcagtaaagcagctacgtggtagaaaaactgtcctttgcttatgagtttctccagagttaagaccattgggttccatctgaa

ggcaagacttcaagcttgtcttactggtctgttttgtggctcaatttgtatgaagtctatgcactcttccacacgtgtgtatttactgaactatcgagtta

ttttagactgagaaagtattggagttcattcctacggtccactgcagagcaccttgtgcagtttggagaatgtcaacttttctacctgttaacttccatt

gtctttacttttaacgccattgtctgtgactctaatggtgtcacggctcagggtttagattttgtggttacattctattcttgtatgtcaagagtggtgtat

agaaagctgagggggattatttagtctcttgactgattttttttttttttctgaagaactcagtttattatgtttggtggtgaaataaaaattgatgtgcat

ggatgttaaagatttgggttaaattgtgtgttcatagatgccttctcttagtatataattttttaaatttagatacttaaaatactgtatccctttatctaa

gattaacataagtctgtttcttaaccaggataaaaaaatctaaatttaaatgtgatgttggatgagtttccaatcaagaaattgattttttaaactttgt

gactagttatccagtgggtggattttacccagtgtgtgtatgtgttttctgcttaactctggaaggttagaaagagaatttgaaactaagacaagcca

agcttcttgttgctcagtatttttggtaaaaatatggtcagattgtttaaattaactataggctttggaattttaaaaataattatatctcttggtctcttg

acacatcaagaattaactgttttgtatatgcgttgagtattaatgttcatgttttctgcagtagaaatttataaacccttatttatttgccagacatgatc

cctttaga g aaatctagtatctaaaacctgaatttttaaaacaaaatttaaaatttttgtttcataaaaacaaaaatgtgattacctcatggcttttttc

ttatagcttttgattgttttttaaaatcgtagttcaaaaacattaacctaaaatttaccatcttaaccatttctaagtactgttcagtagtgttaagtatat

tcacattgtgccactaacttccagaactttttcatcttgcaaagctgaaatcttacccattaaacaactcccaatttccccctctcctcagcctctggca

accaccattttactttctgtttctgcaaatttaactactctagatgcctcatataaatagaattatagggttttaatatttttgtgatgggcttatttcactt

tgtgtaatgtcctcaaggttcatccatgttgtagcatgtgtcagaatttccttcctttttgagtctgagcaatattccattatatgttccatattttgtttctc

cattcatccagcaacggacacttgggttgcttccacatcttggttattgtgctgctctgaacatgagtctgcaaatctctctttgaagctttcacttttttt

ggatacatatccagaagagggatgctggatcatatggtaaccctttttaattttcaaggaaccaccatattgttttctatagcagttgcaccagtttac

attcccaccaacagtgcacaagggttcctatttctccacatccttctaaacacttgttttctttctttccttccttctcttctctttctttcttagccatctaat

gtggcaaagtggtagccatctaatatgttgaagtgattgtttttaagggcttgtttgtggataattaaccagctgaaagctaactacagtttgccagtg

gaagctttaactgaaaggagagtaagtacctctaaaaggagaattcaatttttctagtgacttagatttgttatgccagtactttttcacagaaacact

ttttgggtaaaatagtgtacacctgttctattgttgataaagcccaatttaattaggaaatttgttctctaagatttaaaacaataattgaaataatgta

tttttattaaaaactgttcccaagatgttagcttttagctgttctggtgatctcaactgttatttatgagtgtttctttattttaaaatttcaccttaaccggt

tacagttttaaccataaagattatttcaacatatgattttgaaaatttattatcttgtaaatgggaaaatgtagtgatggaacatagtttactgtatgta

gttcttcacttgtttgaaaagtcacaatatatttaggcaaattaatttaaaagtgtctagtatttaatattgcaattttcactcattaaggacaggtcccc

cgtgtttcccccttttttttttccaagtagtttgggaggatttgtttttccagctgaaaaatactatggttaaaaataaggtttaaaggcgaaagttgaa

gtctttgagggttgggatacgtttctgttcttaagagtcttgtaaattcagatgctaagcaaatttctttaaaatgatttctaccctccccctttccattat

aaaactggatatgtttcagtggaccaaatcccaagtaggctgaatttgaaatttgtgggctgggcgcggtggctcatgcttgtaatcccagtactttg

ggatgccgaggtgggtggatcacctgaggtcaggagttcgagaccagcctggccaacatggtgaaaccccatctctactaaaaataccaaaattag

ccaggcgtggtggcgggtgcctgtaatcccagctacttaggaggctgaggcaggagaattgcttgaacctgggaggcggaggttgcggtgagcca

agatcgccccattgcactccagcctgggtgacagagcaagactgtgtttcaaaaaaattaaaaaagaaatctgtggtgtgaatactggtacgtggt

gtacacagtgagctcttaataagtatttgaattaacaaatgagacaatgattgaataattggatgaacaaagagaatgcaggtttttaaaaggtttc

tttagaaatattgtcggcccggcacggtggctcctgcctgtaatcccaccattttgggaggccggggcaggtgaatcacctgaggtcaggagttcaa

gacaagcctgaccaacttggagaaaccccgtctctactaaaaatacaaaaaaaaaaaaaaaaaaatagcaggatgtggtggcacatgcctgtaa

tcccagctactcggaggctgaggcaggagaatcgcttgaacctgggaagcagaggttgcagtgagccaagatcgcgccactgcactccagcctgat

gacagtgtgagatgctgtctccaaaaaaaaaaaaaaaaaattaaaaagaatgttttaattctttagttccctgtctgagattcactgattggtaaga

agaaagttaaagaatctcctttgactttttttgatatagatatttaaattctattactttatagtaaggttggggtttattttctttgctttataatagaag

agcattgattattctctttgctttataatagaataccatttaaataggagttccctgagtgtgtttacaatcatttgatctggctaaactattttaatgtta

atgaaattttaaaattttggaggaaaaaatttaaaaactacacaggtgcacaaagaaataaaaatcacctgctttttcactatgtagagaccattgt

ctactatttctcaattctgtgttacatctgtatgttaataactgtaggattagggactgagtactgtttttaacctgcttttaaaaaatttacatctacatt

ttttcccatctaaatagtgaggaagagtatcagaattttgtaggcttgtggtgatggttaaattagataatattaatgttgggtacttaacataatatat

ggctcttaatactctccagatttcagatatagtctgttttaccattactgcctttttatcaaacctattctcaaaaaagtgagaaaagtgctgagattac

aggcgtgagccaccatgcccggcctcatggttctttcttaataataaattagaagaagtagaattacagggtcaaaaagtatccattttaaagctttc

aatgtaattgcctgtttatcttctagaaagtttgacctagttgtattttagagtgtcattttcttgaactttatcatcattaaagttttaaatttggaacact

ggcaatttgataagtatattaggattcttcttattgcaagtagcaaaatacaactcaatctagtttaagaggggaaaatgtagtcattggctaacaca

atctaattttggtttaagagacaaatctagagtctcaaatgatctcagagtgtaataatccctgacttttgtcttgatattacttggcttgtatacctttg

ctctatttgcatgctggccttactctgccactgacaggctgtctgtatggtgtggaagaggacggctagcatccccatacctgcatccatacagtttgt

aatataaaaaaaaaaaaagtaaaaaaaactccctctctcttctagtgtctatatatcagtttcctagaagaaaacgttttgccctacttggccatgtg

aatggagttccctgattacatgagtcaaatatgtcttattgtagcatatttgatggtcttcttgtagaatattatcttactatacacagaactcttgacca

gtaattaatgggccatgagtttttgttgcaagtcatttgaattcatattctatagttttctaccaagtgtagtcattctgcaagctgttcttgtcatgactt

ttgggaagttgagtatttcttctatgggttagggttttcatctcaagaaaaagatgatccttttctctactaaatatgtgttaagatcacacatttttcta

gatcgtttagctctactgtgtgatcttacacaaattgctttattgggatgataagaataattgccttataggattgttatgagaatgaaatgatacatca

 

 

 

 

 

 

 

 

 

 

 

 

6.) rs7143164 
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(Continued) 

http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs78288729;vf=22112309
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs181473386;vf=42328050
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs60804068;vf=14210196
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs76714932;vf=20565262
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs116591234;vf=29213130
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs185766477;vf=46622486
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs78163621;vf=21988887
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs78163621;vf=21988887
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs201487158;vf=56142904
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs201487158;vf=56142904
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs57008549;v=rs72229226;vf=13234829;vf=16737014
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs57008549;v=rs72229226;vf=13234829;vf=16737014
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs141413650;vf=33061755
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs150368070;vf=40699784
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs190333300;vf=51193069
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs72563748;vf=16925122
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs72563747;vf=16925107
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs2301106;vf=1881121
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs201250108;vf=55905950
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs7143164;vf=4985170
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs73327405;vf=17542920
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs114008316;vf=27357628
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs190417297;vf=51285263
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs137920369;vf=30071191
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs111481668;vf=24445408
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs114619775;vf=27803579
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs181309142;vf=42162444
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs143104830;vf=34505377
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs6573397;vf=4441936
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs185520813;vf=46378493
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs191973484;vf=52837966
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs112844019;vf=26019527
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs138584948;vf=30639665
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs73327407;vf=17542925
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs113064264;vf=26273668
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs183301510;vf=44154872
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs142995295;vf=34412370
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs189188868;vf=50052444
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs111801469;vf=24813166
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs191888128;vf=52752826
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs112694596;vf=25847722
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs182352961;vf=43205916
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs12050207;vf=8351274
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs12050207;vf=8351274
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs7159736;vf=5001296
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs7159740;v=rs34312928;vf=5001300;vf=10773617
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs7159740;v=rs34312928;vf=5001300;vf=10773617
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs72432375;v=rs71117845;vf=16855061;vf=15630594
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs72432375;v=rs71117845;vf=16855061;vf=15630594
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs191113350;vf=51977141
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs183988017;vf=44844125
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs111320402;vf=24259503
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs141584750;vf=33208140
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs149442775;vf=39908635
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs3062103;vf=2712362
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs3062103;vf=2712362
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs67456164;v=rs5809117;v=rs3062103;v=rs113270440;vf=15382195;vf=3977203;vf=2712362;vf=26510000
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs67456164;v=rs5809117;v=rs3062103;v=rs113270440;vf=15382195;vf=3977203;vf=2712362;vf=26510000
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs5809117;v=rs151321117;vf=3977203;vf=41505087
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs5809117;v=rs151321117;vf=3977203;vf=41505087
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs150894285;vf=41147387
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs111557181;vf=24527094
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs185093425;vf=45947730
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs190830096;vf=51692596
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs182074267;vf=42926709
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs184762974;vf=45623593
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs74646372;vf=18521298
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs188300119;vf=49160267
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs72714564;vf=17032339
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs201131250;vf=55790151
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs12892205;vf=9134891
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs112713810;vf=25869250
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs11851112;vf=8154726
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs78069091;vf=21897639
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs78069091;vf=21897639
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs149561592;vf=40004809
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs150568049;vf=40867353
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs202209759;vf=56852812
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs202209759;vf=56852812
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs200809147;vf=55461274
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs200809147;vf=55461274
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs111839514;v=rs34767998;vf=24860301;vf=11188801
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs111839514;v=rs34767998;vf=24860301;vf=11188801
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs200455236;v=rs71117846;v=rs35252062;vf=55118851;vf=15630600;vf=11625686
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs200455236;v=rs71117846;v=rs35252062;vf=55118851;vf=15630600;vf=11625686
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs201273540;vf=55932129
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs17099114;vf=9837519
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs147282992;vf=38071171


 

 

actcatatgaaacactcagaacagctcttggcacaaagtaagggcttaattaagtagaaactatccatatattcataatattatagtattggttaagt

tgttttcaacattgtttagaatcgctcaagccttctttgtgataatctgacgaaggctattcaccaccagtgagtaaataatagtggcagaatagttac

tgatgcttttcctttacttggttttttttccataaacatctggcctttgcagactaaatactggtttatgtatagacatgttattctaaaataattttccata

gtggtaatactaaaggaagaaaaatgttctcaaagctatttatttgggatgttaaaggagggggaaattaagaaagcctacatttccatgtcctttgt

gtccagaatctcattaaatgtcttttaacttgttagcagaggaaagttggatattgcctgcctttgtagctaacatagttaaaatatttaaatggttata

gtgtcaaaccagtagtcaaagccttcactgtgaatggatgaagggatattttcttgaataatttaagttgacttatttcagtggttcaaaa a atttctt

caacgcttaaccatgactcaggcacctaactattatactatgtcctgtaacagattgttgtgcattcatttattcaacaggtatttgtgcagctaatttat

tgagtacagcattgaatcgttgatggcttaggccacagttgaacattccattttttatgttcattcattcattcatagcatattccatttttaaattttcag

ttcattgcactttaaagtttgaggttcttgcgaagtacagacttttgggtttaagttttgttatttaatgtcaaccaccacaggcgcattggccagtctgc

ttttagaattttcagacatacatacacaaaacattctcacaagacaatctacttattttcttttttattcctgtgtttcttaacacaggattaatgttcaga

tctcttttggagcaaaataatcctctgaatttttgagatgtacccagtgacctcagtctgagtatgtatactgcattaaaaaatgtaaccttgttcctttt

agtggtcatttggtaacagtttgatcataaacaaatgcagcctcaaacacagaaggcttgaggcaagtatacagaactatggagagatcatttaga

tgatgtagaatatgccttttctttttttacaatgccaccaaaatgaaaacacggttttaaaaattctcatagagtgtaacttcaacactgctttaactct

attaaacaaagcactgccatgttgtaattcctatttattactctctggagttgtataaattaccaaatccgccttttgtttgatatccttttcaaatatctg

agggtagctatcatgtttcttccttctattcttaaaaaatagtcccaaatttcttgaatcttttaatttaaaaattatatattgagcatctgatttgtggaa

aggcataggccatattaaaaatggggcttcatattaaaatggggaaaagggtggagattctcaggtggaatctgagatctgccacacactaatagt

gttacctaaccctttttaaagacaaagaaacaggatcagaaggtcactttggaaaatttatttggtaatattggataggatggattagtatagttgga

aaacagagactcttgctttaggagagctgctcctttgtcatttccagaatcttaatcatggtcaaggtttagagctaaatatttaatagaagaagtctt

tagggtatgctttctattgtacacccttatttcaatacatgtgttttttcctgttatgtaagtactttattattatttatgcatcttctattaaagttaagcaa

ataattatttcaaggacacattcttctacatacacacaaagtttagggtcactgaccttcttaggttctagtcttagatctgttaccatctaagagcata

taaataagggaaacagaaagaaaaggatttacaagctgagaaggaagcaatgcagagaaagaagagtgatagagtaggtaatttggggaaagt

cagtgatacacagctcttaaccatgaacagtgattcttcactcttgaatgtttgtgacattcatgaaggtattaaaagctgacttttaaaaaattgtttc

agagaactggaaaaaaattcagttgccacattcttccttaggtcatctttgaactctactcatgcacttacgtgtttaaggcaaagttttactaaacgc

acacttgttcttgctggcttattgacttttactgctagcttcttattcttagcaattatacctcacattacatagtattgtgaaactcactatattcagtgtt

ttgcctgacaaacatggtatgttataggatgtgtattcagttatagctaaaaataaattattctcgtttttcaaaatttgctggcctacctgttaagcttt

tgctttaagacctgctaatgtttctcaaacttctgtggttaaatcacctgagtgtctagttgctctatggattcccagggacccattcgccagagattct

gatttggtaattttgggatggaactcagggatctgtaaattttacaagcactcagaaatgaaacatagactttaaacagctaagagtgctcatcagg

attatgttgatattattttttaaacagatgtgccaagcctttaatttgaatttccagggttgggatttggccttctatatttgggggaaaaaagttctatt

gatgattgtggatatataccacaggtcaaccattgaatagtctagtcagtgtagttagtgtattttataattactaagttctaagtatgtggtgtattaa

tgtcttaggaggtggatatatttcctgtatttgtaaagcatttgggtaggttttttaaagagaaaagtatgtaacaaactagttttgagcgttgctctttt

acttctttgggcatttttgaagaacacgttaagtatcttcttagagcagaggggctcagagtggtccccagattatcatcattggtaacacctagttgg

tgcattactaacttgttagaaatgcacattctcaggcgccattcagacttcataaatcagaaactctggaagtaaggctcagcattctgtgttttttttt

tctttattatactttaagttttagggtacatgtgcacaacgtgcaggttagttacatatgtatacatgtgccatgttggtgtgctgcacccagtaactcgt

catttaacattaggtatatctcctaatgctatccctccccgctccccccaccccacaacaggccccggcgtgtgatgttccccttcctgtgtccatgtgtt

ctcattgttcagttcctacctatgagtgagaacacgcggtgtttggttttttgtccttgcgatagtttgctgagaatgatggtttccggcttcatccatgtc

cctacaaaggacatgaactcatccttttttatggctgaatagtattccatggtgtatatgtgccacattttcttaatccagtctatcattattggacattt

gggttggttccaagtctttgctattgtgaatagtgccacaataaacatacgtgtgcatgtgtctttatagcagcatgatttataatcctttgggtatata

cccagtaatgggatggctgggtcaaatggtatttctagttctagatccctgaggaatcgccacactgacttccacaatggttgaactagtttacagtcc

cactaacagtgtaaaagtgttcctgtttctccacatcctctccagcacctgttgtttcctgactttttaatgatcgccattctaactggtgtgagatggta

tctcattgtggttttgatttgcatttctctgatggccagtgatgatgagcattttttcatgtgtcttttggcagcataaatgtcgtcttttgagaagtgtctg

ttcatatcgtttgcccactttttgatggggttgtttttttcttgtaaatttgtttgagttcattgtagattctggatactagccctttgtcagatgagtagatt

gcaaaaattttctcccattctgtaggttgcctgttcactctgatggtagtttcttttgctgtgcagaagctctttagtttaattagatcctatttgtcaattt

tggcttctgttgccatggcttttggtgttttaaacatgaagtccttgcccatgcctatgtcctgaatggtattgcctaggttttattctacggtttttatggt

tttaggtctaacatttaagtctttaatccatcttgaattaattttagcataaggtgtaaggaagggatccagtttcagctttctgcatatggctagccag

ttttcccagcaccatttattaaatagggaatcctttccccatttcttgtttttgtcaggtttgtcaaagatcagatggttgtagataagcggcattatttct

gagggctctgttctgttccattggtctatatctctgttttggtaccagtaccatgctgttttggttactgcatccttgtagtatagtttgaagtcaggtagt

gtgatgcctccagctttgttcttttggcttaggattgacttggcaagcattctgtgttttgagaattcttccaggggactgtgatgaaaactgacgtttga

gaaccttcatcttagagtaaaaactttacatacacatttttgttgttttatttatctagcacaatacttcttttttttgaaatggagttttgctcttgttgccc

aggctggagtgcaatggtgtaatctcagctcaccacaacctccatctcccaggttcagttgattctcctgcctcagcctcccgagtagctggggttaca

ggcacgtggcaacatgcctagctaattttgtatttttagtagagacggggtttctccatgttggtcaggctggtctcgaactcccgacctcaggtgatc

cgcccacctcagcctcccaaagtgctgggattacaggcgtgagccactgcacctggcacaataccttatatataatcagggctcaaagatttgttga

gaggctcaacaccaattctggaccaggaaagattttatttatatcactagtcaggaataatctaaaaacaaaaagcacattcttcttacaagtaata

 

 

 

 

 

 

7.) rs1951795 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Continued) 

(Continued) 

http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs180761909;vf=41617294
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs140799461;vf=32534001
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs17099117;vf=9837522
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs76308410;vf=20162779
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs144441463;vf=35653273
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs185767901;vf=46624909
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs1951795;vf=1522721
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs147829065;vf=38537081
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs75079941;vf=18952377
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs142496720;vf=33995055
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs191112352;vf=51974936
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs182083299;vf=42937400
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs148445658;vf=39062443
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs186743150;vf=47603953
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs140068525;vf=31910222
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs140068525;vf=31910222
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs71685612;vf=16412946
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs111734847;vf=24749955
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs142698672;vf=34161663
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs113200378;vf=26431433
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs113527155;vf=26805697
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs140746051;vf=32490316
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs183268202;vf=44123761
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs2301107;vf=1881122
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs186062791;vf=46921065
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs189792086;vf=50652348
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs113926905;vf=27269362
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs111869789;vf=24891870
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs10135579;vf=6666513
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs117241895;vf=29571085
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs182085616;vf=42939715
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs61997399;vf=14656040
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs74054862;vf=18056550
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs73327412;vf=17542943
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs111362565;vf=24300573
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs61997400;vf=14656042
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs140300794;vf=32107994
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs76276969;vf=20136478
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs151014985;vf=41247155
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs72714566;vf=17032351
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs75332990;vf=19209593
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs145312644;vf=36392947
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs75277559;vf=19140790
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs75277559;vf=19140790
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs80146536;vf=23936429
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs188384279;vf=49247543
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs113480487;vf=26750524
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs192702859;vf=53568648
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs183831279;vf=44686086
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs188422311;vf=49284551
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs191968552;vf=52830503
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs185000025;vf=45856245
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs185000025;vf=45856245
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs7158929;vf=5000485
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs7158683;vf=5000249
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs199857486;vf=54528001
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs149391746;vf=39864975
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs12882000;vf=9127806
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs71117847;vf=15630605
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs71117847;vf=15630605
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs190027034;v=rs72257332;vf=50893167;vf=16757320
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs190027034;v=rs72257332;vf=50893167;vf=16757320
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs76019043;vf=19879094
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs76019043;vf=19879094
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs75835612;vf=19694912
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs75835612;vf=19694912
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs79088735;vf=22904717
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs148164196;vf=38821851
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs148164196;vf=38821851
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs141857786;vf=33442589
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs147239616;vf=38035374
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs113000871;vf=26213308
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs12881961;vf=9127735
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs143123685;vf=34523383
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs147472239;vf=38232767


 

 

tttcaatacacattaatgtaaacacatggaaaagtattagctacttaataaattaacatgtaaatgaaaaatttacacattatggctatttcagatgtg

atatagatttcattttcagaaggaaccctccaatgtaaaacagtgattcttttccccgtttattttactgcattagaaaatcacatttaaagtaagcatt

ttggtgaggtttggaaggtgaataaatccatcttttctttaattatggatatttaagagagatgttgttgtgccgtttagataataatgatctaaaccaa

gaaatttagttgctttcaaaaataaaataagtgtatgcattctgaacatttttctttagaaacaaaccatttcatctgtttttttgaatttcaaattaatta

tacagaattttcaaaatttgaaaattaggttagcatgagaaactgaagatactgaattatattgcctgttcagtctatacttttctttaggatatacagt

aggaaagaaatatgatagttcaagttagattactacttctttcagagttttttgacaaatgcaggtacagtgatagtgtcagttcatggtgaatttttgt

taaaataaattacaaaaaatttgtgatcctggtatcttgaaactagttaatatttgtaaactttgctaacactgtatatcactgtattctggttttatctg

tgcatctatgagttatatgtgtgtatagctacatatgtttatatttatacacatacattacacacaggagtggaatcatactcaattttttttgtatagcc

tgctctgttcatataatactatattgtagcatctagt a taagcaaagattaatttttgtagactttgcttttatcctgaaattttgtggtagctggtttaat

ggaaagacaatttctgtgacgtgttttgtcagttagggattgaccctggtaaaatattgctggataacaacaagcaatgtaaaaatacatttgttcca

taagataacctccgtgaaggtagagacttggtctgttttgtttattgcaccgtgtcctgttctgggaagagtgttagactcatagaagatgatcaagaa

atattttttgaatacatcaataacattctctaacatgtgggtatcctaaaggtttatttttaaagtttattgattagaattcagaagatattttcccagat

aaaataatagattgctagctgtcttgaaaatgtaatttatatttaatttgaaatgtcaggtttttgctattttttccattaagtagagatagggtttttaa

aaattacatgtgatgttttaagtattctggttttgcaacaattactagatagaaaatgtaacaacagatcctattaataatacttccaataatacatat

aaaatacttgtctaaaagtaaccctccttaaaaaaacaaagctggccaggcgcggtggctcacgcctgtaatcccagcactttgggaggctgaggc

aggcggatcaagaggtcaggagttcaagaccagcctggccaacatagtgaaaccccatctctagtaaaaatacaaaaaattagccgggtgtggtg

gcaggcgcctgtaaccccagctactcaggaaaatcgcttgaacctgggaggcggaggttgcagtgagcggagatcgcaccactgtacttcagcctt

gggcaacagtgcgagactctgtctcaaaaaaaaaaaaaaaaaaaggcaataggattaggtatcaacttaatgaaaacttcgtgacagcactttctt

gaaaaagactgtggaaaccaaagttagtaaactcctgtttctgcctgggttcggaaaacataaagatgataaagatgtttaagtattcctttttttttt

tttttttttttttgagacagtgtcttgctctgtctggagtgcagtggcacaatcacagctcactgcagccttgaactcctgggctcaaataatcctcctgc

ctcagcctcctgagtatctggaactacaggagtgcaccattacactcggctagtaatttgattggttaagaacattaactataactcacacattttcct

gaccacatttgcttaggacaaaacagtaaaagacatgagtgtagatgaaagcgataagggaactaatcttaaacactgaacctcttttcagcaaat

tggctttctagtttctcagctctctctttacacctctaaatctctttcctggcaagatcatttatttgccttggtttatggtgatactcttcattgttatactg

gtgggtgattgttttaattgatagctgtttttttctacttcaggaagatgacactgctggctctgctggctctgatgtttaccttgtggctaatgcctgtgt

ttgcctgtgttcacatttattccacgattcatttgttaacatttactaagctgcttttctgtgccaggaacttggctagataaataaatggttgtttttgta

cacagaattagctgtcataatcagttactgtagcatttattcttgcaaaaatatatatttatacttcaactagtgatcgaatctcaacttattaattcata

cattcagccagcacataattgaatacttcttatgtgtcagaaactgttctaggtgcttgggatgttcattgaacaaaatagacaaaagtctccgcctct

atggaacttactttccagtgaaggtgtggattggtgggatagaaaataaaataatcaagtaagatatgtacttaggctttcataaaaatacagcagg

gcaagaggaccaagatggaggcagtgatcagggaatctcaatgagggtgagactgcgacaaagacttgaaaaaggtggagaagcaagccttgt

gggtatttagggtagcagtagtccaggcaaggggaacaactagtgcaaaggctctaggaggcaatgtgtttgaagtgttttaagaacagtaaggag

gctagtatggttagaacagaatgagcaaagggggcaaagtggtagaaggtgagatcaaagaggtaatgaggccattgtggaggcccatatggac

tattggaagggctttggcttttactctaaatgaggcaaaaaccattttaagcagagaggagtgatatgacttgatttcttgttaaaaggattattctag

ttgctgttacagaaaaagattacaggggtgcaaagaaacagggagacaaaagaatataagattttcactgtaacttatatctagtatgcttgcttat

acttgaaaatgcatatccagataattgtagtaaattcaaatattatgtttatttaatagtactaacattgatatgctggttaattatgattaggagcact

aataaagcacaaatcagggattcccaaaaagaatgttgaaagggcagtcagcttttcctgtgccagaaatcaaagtcatagcagatttggggcaa

atatgtcaaagtcaaacttacgcacatcactactgagaagacaaagatgaatgtgtgacagtttcctgcccccaagaatctttaagcattgtgaagg

aagattaatatagccaaataactagagtgatcagttctaccagagaggaccagttttggaagccagaggaaaaaaaaaaaaaacagaaacaaa

atgatgtttgaattaaatctttaaaagtttctcttataaatttaccaagccacatattgggaatggtaccccaggcagaaggagtagagtaagcaagc

cagaaaggaaatactatggtgcttttgagtaactgcagtgtggctgaagaatgtggaaaatgatgaggataaagaggtggacagggaactaggta

agggagggcttccttttaaataattagaccttgtcctgtgtacatttaatgggattttaatcaggccataatgccaaatttctttacttcggaaggatct

ttatggtgatggtttcagaaagaaattaaagcagagtaacagtggttagcaataatgatcagctagtggttcccaaacttacgtatcatatgcatctt

ggaagtttttaaaaactcagattttgggatcctgacttagatctactgaatcagaatttacagattcaaattcccagtgaggcctaggaatttgaaat

gttgaatgtccttcacgatgcagctagacaagcatttgggaataaagcattaggtgactatttcagtagactaaggagtgggaggccatttaagctc

aaaggctattctacttctcactatatttctagtacctagcacagtgcatggtacttgatagatgcatcctttctcccatacctcgccctacacatctcttc

atgtgtatccttattaatatcctctattataaactggtaaacatgtttccctgagttctgtgagctgctccagcaaagatgggtttgtgagaatcccaac

ttttgaagcctgtcagtcagaagttcctgaggccagacttgcaactcctgttgagggggcagtcttggggactgagccctcaacctgacactgtctcc

aggtagatagtgttagaattgaattgaaggacacccagttggtgtccgctgcagaactgattgctcacctggtggtggagagaacccctcctctccc

gatagggttgcagaagttgtcttctgtgttgttgattgctgtggtgtgggagcagaggggggaaaaaagctgttggagagttttttccaaaacaatag

gagattatttagatttataaaaatagaatcaaagtagattaactgagcacattgtgaaatatagagtagagctgtgtgtaaggagtatatcttaatgt

caagctgacaccaaattgaatgtttgctggaacgttcaaaaatctaagcttcccaaatctgtgaaaacactcaggttagtaaacagtcttatgcaaa

cagcaagacaatgctcaaagccatttaaggaaaaagaacagtaactgaattctcttatggaaatgtgagatgttgttttagtaagtactgatggtgtt

atactttttgtttattcgtttgctggtatttcagttcctaaaattccttcaaatatgctgcaaaatacaaaccaagaacttggtggattttccatttgttttc

 

 

 

 

 

 

 

 

 

8.) rs12435848 

(Continued) 

(Continued) 

http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs112397401;vf=25506326
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs186338000;v=rs144783656;vf=47198571;vf=35940278
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs186338000;v=rs144783656;vf=47198571;vf=35940278
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs12232182;vf=8528390
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs142748429;vf=34211098
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs139147634;vf=31120137
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs73327414;vf=17542948
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs189990809;vf=50854244
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs73329687;vf=17538544
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs35754318;vf=12078411
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs146740389;vf=37615830
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs145130645;vf=36233688
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs145130645;vf=36233688
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs12435848;vf=8713012
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs114151144;vf=27463126
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs114151144;vf=27463126
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs181432703;vf=42282818
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs186318288;vf=47173834
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs148685520;vf=39266304
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs190823162;vf=51686436
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs143457558;vf=34811101
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs28464725;vf=10139920
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs111836092;vf=24855138
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs147664976;vf=38400786
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs60358775;vf=14094284
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs10615565;vf=7016560
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs7156573;vf=4998158
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs145350642;vf=36421344
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs34524939;vf=10966038
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs111481744;v=rs10615564;vf=24445488;vf=7016555
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs111481744;v=rs10615564;vf=24445488;vf=7016555
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs182361661;vf=43218015
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs185925039;vf=46784178
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs35638635;vf=11973117
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs190886552;vf=51748908
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs150957029;vf=41197846
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs183023138;vf=43881211
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs188154901;vf=49014334
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs192221177;vf=53081865
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs140571768;vf=32340974
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs150451585;vf=40776637
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs182983822;vf=43835866
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs138342851;vf=30432040
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs113728330;vf=27049924
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs149646096;vf=40084491
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs112012651;vf=25060704
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs188008916;vf=48866192
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs192505001;vf=53367996
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs112360697;vf=25462284
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs142946993;vf=34370805
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs184642841;vf=45502674
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs113150306;vf=26373288
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs199694587;vf=54366686
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs189206850;vf=50071204
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs192516419;vf=53381436
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs73329694;vf=17538560
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs148110022;vf=38776642
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs184854946;vf=45710365
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs141750546;vf=33348056
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs111909211;vf=24941187
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs150569049;vf=40868203
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs2181600;vf=1752016
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs188403818;vf=49262627
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs73329698;vf=17538572
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs111355743;vf=24292672
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs111355743;vf=24292672
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs143495948;vf=34845900
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs185863376;vf=46714438
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs146259241;vf=37199446
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs189492223;vf=50354119
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs118138555;vf=29977991
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs114507966;vf=27720216
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs10459450;vf=6869177
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs181909262;vf=42765198
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs34106499;vf=10584254
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs187210777;vf=48070285
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs190867041;vf=51726564
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs73329700;vf=17538578
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs76049542;vf=19918760
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs143983514;vf=35258126
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs144964771;vf=36094733
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs74600071;vf=18480376
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs142099235;vf=33649252


 

 

ctgtgggaaatgatggaattaaaaaccttgaggattagaccttgagagttaccttccagtgtttatgccaccattatacaaaattctggaggacaaa

acccttcccacttaaaaaccagttagtttcagaaaatcacctcatgttaggagactgcatcattatagtatgtgtgttagctttaggtatagatctaaa

atatttttaatattttaaaaacttaagcctttcttcattaatttggcctaatacaagttagaataactttaaaaatgagtacaaacaacaaggaagggc

caggcgcagtggctcaacgcctgtaatccgaacactttgggaggccaaggtgggcagatcacctgaggtcaggagttccagaccagcctggccaa

cataatgaaaccccatctctactaagaatacaaaaattagctgggcgtggtggcacacgcctgtaatcccagctactcgggaggctgaggcaggag

aattgcttgaacccaggaggcagaggttgcagtgagccgagatcgcgccattgcactccagtctgggcaacaagggtgaaatgccgtctcaggaa

aaaaaaaaacagtttctgtgactgctagacaaatgttgagcaagtaaaacaccaacaatgttgaacttagatattgaaatagctgctctgtacaaat

aaagtctactgggagtatagactgaattaccatcttttgactctttcgccataatgattggcattaccggaagggattaccttgctttgaagagctgct

ggacagtagagcagagagcatctattaccattgtaggtgcctttcagttaggattttggatttataagcaaactccaagaaagagcctggttctgagt

ttctctgaatagcttaggtcaagtcctaaattctgaagccaactcctataattccttctttatgtctttggcatgtgaagtaggcaaatttcgaactttat

aataatagcctagacttacaaatacttgccttggtaatcaggatgagtttttgagagacaacatagtctagtgttaatcgcgtggacaccagactgct

tgagtgaaatacaggttctaccatttattaacggagtaatgttgggtaagctatttagccagggtccttatctgtaacatggtgataataataaagatt

aaataataggtgaaaaatgtttagaataccactgtgttattagtaagcaccatgcataggtgtttggatttaaaaatactggcaaaggccaggttgg

gtggctcacacctataatcctcgcactttgggaggccaaggcagaaggatcgctttagcccaggagttcaggaccagtcgaggcaacatagattcc

gtctctgcaaaaaatttaacagaattagttgggcatggtagcgtgtgcctgtagctacttgggaggctgaggtagggagggggaggattgcttgagc

ccacgatttcgaggctgcagtgagcttatgatcatgccactgtactccagcttgggtgacagagcaagactctgtctctaaaataaaatgaaaataa

aactgcaggcaaaaatgccaactgaagagtgaacatgaacttttctttgcatttttcttgggcctgagactttaagaagtgcagggcagttaaaatg

atgagatataattctcacctatcagctcagcagaaattaataagattaaaaagatgcgtaatatataatattgcagagtgcatgggggaattgatat

acacattcatgaactggcagagacaaaaatgggcacagaaccatttggaaagctattgtgtattttaaaaaatttcagtagcacattttttatatcat

gaaatttcacttcagaatgtcagtcctgtagaaatactgacgcaagtgcaaaaacaacaaaaaccaacttgtaccttcaaggccagaaagagttat

ttcaccaaataacataattgaggtacattaactttattagaagtaaatctgataatctgctcacattttaaatagttatggtttaacttcagttcttgaa

gtcacatatttttacaattaggaatgctaacaggctttttgtgcaatacgaaaagatgactttaaatgcctacaattattttgtgtccttttattttttttt

aatttttactgacctactacaaagcactaaatattttatgttcttaatctgaagaacaatagacattctctataaaacaactcttgcttattcatgaactt

tgtacacaagaagcttaataagacgggctcaaaattatttttctaaatatatttcctatacaaaataatttcaagatataattgttacttttgtgtctaa

tactgtatgttaaataataaaatggtaagcatgtaaaaactacaataccacaaagattgagctattttgccagtagtatactccaactttagttctag

aacagttgtagaaatgggtaaacaaactgttttaactgtactcttaactgaaatatagtaccttatgcagtagcagaacatatcagcagaagaactt

cacttgacctgtacttaaaaacaaaacagatgcaatttataaaatttagagaaatatagtgaccttatttgcatgtggaaaatgtacttctttctgatc

tacatatcttctgttgtgcaatgtaagcagtaaaacaaatagtacaggattcatctctgtgggacctagaccccctggtctaacaaataattcttggtc

agtactgtaattctgtggtataaaactgataaaattagccttcctgtgactagacaagaagccgggcagtttaaatgctgaaactcacaagaacttc

agaagctttagctttaagctttaagcttacttagaaatgttataagacctccagtagtcacatatgaagaatatcatgaagatttttccattaaatcttt

attatagatcccttgattggtttctgtctagactcattgtgtgataaaggacataataatttttatcaccttcatctaatataggtttgtcaactctatatt

agttgttttcttgaaggctggttttcttccaaaattcagtcttattttcagtctacactagcttttaaatatactgtcctttagatgctttatctaacctcaa

atttctaatggatttgtcttagacacttattgccactccttagatagtcattgctatctttgaagttctggacgatacgtgtattacagaggaactggag

acattccatcaccatagttagcttgattggataccctttaaaagcatatactcgcgcctgtaatcccagcactttgggaggccgaggcgggtggatca

cttgaggtctggagtttgagacaagcctggccaacatggtgaaacctgtctgtactaaaaatacaaaaattagcctggcatggtaccacatgcctgt

aatcccagctactcaggaggctgaggcaggagaattgcttgaacctgggaagtggaggttgcagtgaaccaagatcttgccattgcactccagcct

gggtgacaagagcagaactccattaaaaaaaaaaaaaagcatatatagcacatattataaggttttcaattttttcaccaagtgtttcatttgggtag

tcatttattggtagtttacatcagttgagtggttcagaaaaaatacagtaagttgcttataaaattctgaacactttggccaggcacaatggctcaagc

ctgtaatttgagccctttgtgaggctgaggcaggagaattgcttgagcttaggcgttcaagaccagcctaggtaacaaagaacgcctggaatgattg

tggcatttgaactaatattcaggtttaacaagagataattgaccatcactctattttagaggctttatttgaaccagatagaaatctatttcccacagct

atcactgcctgtcacctacaacttaagggggttggggaggaagtgagagattttctgttagggccaatagggacctgctagatacccccccatcctg

ggaatggtgtatggaactccagtgtatgctggagttattatcatcatacttgtttttttattttactcttctgcttatacagatcaagtcttacgttttatttt

taagtttaaattgaaaacatttacagagaacaatgcagtgaaatgaaaaaattacagactgctggcatttgcattttcatgtagcctcagtgactaat

ttttttttattgtacagcattgagaaaatcctagttcatataactagttatagttcatatagattcatataactagttttaagtgataatagtttcttccttt

ttttcctccaccatctaaccagatgaagataatagtttttaatagctcaccgtaaatttcaaggtactcaagttaaattgatctagatgcttgagttgaa

atttttctatcaaagttcaataacatgcttacattccttattaaagtataaaagtcctataaacacacaaacttgagtaagtactaaaactagtatcag

tattgtcacaatacaacatgttatattgtaacaagagcatttgctgagaactgtgcttgttactccagaatgttgcttctatggttgtacctttcaacttt

gcagatcatttggaaggaggagagatttggggtggagacaattcggtacttcattcacaggatgtaaggaggattaagtaaaataatgctggctaa

aagtccttatttagcatactgcccaatgctcactaaatcataatagctgtttttaacatttggtgaagaatctatttaacaggagtgagttgaggggca

taggagatcatgtgagtgtttaaagtagaagcagcattccccattaagaagagaaatactgtggaagagcaaagactttaaaacacctgggttcaa

atcctatttgctacataatggctacttttaacctattgaacgccagttccctcatttgtaaaatagggacaatatttaacctatttacaggttgtgagag

aactaggcacctagtacagggtaatgttggcacatggtaacctttaataaactgttgctattcaacaagctattagatgtcactaggcagttaagcaa

(Continued) 

(Continued) 
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http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs201180061;vf=55835877
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs201180061;vf=55835877
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs144996749;vf=36120398
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs75361323;v=rs67584071;vf=19233948;vf=15412056
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs75361323;v=rs67584071;vf=19233948;vf=15412056
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs74470148;vf=18349751
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs190400888;vf=51264520
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs181305823;vf=42154116
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs962962;vf=758375
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs185264125;vf=46120576
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs185264125;vf=46120576
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs139444517;vf=31375106
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs190711139;v=rs111414040;vf=51573330;vf=24365953
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs183509782;vf=44365348
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs183509782;vf=44365348
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs192191879;vf=53057540
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs182737347;vf=43590130
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs8005745;vf=5739742
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs76783843;vf=20631518
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs145486790;vf=36540849
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs186695102;vf=47552049
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs142583118;vf=34060015
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs143267547;vf=34646186
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs3837622;vf=2891439
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs112519515;vf=25643924
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs3783752;vf=2849786
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs75171454;vf=19043868
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs75171454;vf=19043868
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs191110840;vf=51979771
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs184079782;vf=44934977
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs186883922;vf=47741085
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs192972661;vf=53839311
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs147534748;vf=38285036
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs144811393;vf=35965482
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs79396275;vf=23199875
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs147964988;vf=38651940
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs185200599;vf=46057161


 

 

aggaagacagcttttgcttggtgtgacaatgaaaatctttctgatttccttcttggaagagttccctgaagatatgtcattgtattgacacctttattttt

gctaacctatccctctaaattctggatattgtgtgtgccacagctttttttcttccatattcctgcatttatttggcacctgttgtgccagtaatagataag

gggctgctaagggaggaggcaacctgcactggcttatagctgctaatgtcagttcctatagcttatcgtcagtgttattcatgtggtaaaagggtgag

aaagtactggagtctaaagaaacaagtagaaatcagtttgtagctattaccgttctacctgctaacaactcctgttttcaagttattatgtacaacttt

aggtagtttctctagccttaatcgtggtttctctgtattgagactacttttgaattctatgaagtacagccttagatgtacaggctactttaaatttttgcc

taaaataaaaacattctctccaattacatatgctggggaggaaacacctgcttccgacaggtttaaagcttggttttggactttttgtgagagttcctt

atgtgtgcagtaatccaaaatttgtatagttgccctttataaaagtacattaatctagtagacaaatctccatgtaacttaattacatggcatcttctaa

tccttctgtgataagcagaaatgtaaagttttattcaagttaaggcaaactaacttgtatacactttccatctcgtgtttttcttgttgttgttaagtag 

ENSE00000867524 62,187,100-62,187,290 (191 bp)  

GATAAGTTCTGAACGTCGAAAAGAAAAGTCTCGAGATGCAGCCAGAT C TCGGCGAAGTAAAGAATCTGAAGTT

TTTTATGAGCTTGCTCATCAGTTGCCACTTCCACATAATGTGAGTTCGCATCTTGATAAGGCCTCTGTGATGAGGC

TTACCATCAGCTATTTGCGTGTGAGGAAACTTCTGGATGCTG 

9.) p.Ser28Tyr 

(c.111C>A) 

Intron2-3 62,187,29162,188,226 (936 bp)  

gtgagttattttacaagggtataaataggcctgaaaattagaagttagaagtaaatagaaattatttttagaaggtggtcgcaatgttttgattttgta

tacctctttatattgtgatatgtacacgtttaaaaatttttctgtaattctcactatttttatcaagcttcatttttttctcatcagttattctttgaaataatc

attctttatgcacataatttgttttgctttattctcttaaacatactctcaattcttttctaatataacatcctttttattacctgcttttaaagctttagtcag

gaataagatactggcttttcccctcccccctttttctcctgttccatctacctttcttcctttaaaaaacatgactcaggccgggcgcggtggctcacgcc

tgtaatcccagaactttgggatgctgaggcgggtggatcatgaggtcaggagttcaagaccagcctggccaagatggtgaaaccccatatatacca

aaaatataaaaaattagatgggcacgctggtaggtgcctgtaatctcagctactagggaggctgaggcaggagaattgcttaaactcagagggcg

gagcttgcagtaagccgagatcaagccactgcactccagcctgggcggcagagtgagactccatctcaaaaataataaaataaataaataaataa

aaaacattactcttctttcttcttctatggtttgctttgctgcattactttaatcatgaaaagcagctggcacatctaattatagtttttctagcttctggcc

tgcacttttctgtgttgaaatggctgtatatattaaataaagtgtctgcgagaaaactttgtaaaaacatctaaatattatatcatttaagtacaacttt

ttaactaattattttcctcttcttgtgccctttttag 

 

ENSE0000065828162,188,227-62,188,372(146)  

GTGATTTGGATATTGAAGATGACATGAAAGCACAGATGAATTGCTTTTATTTGAAAGCCTTGGATGGTTTTGTTA

TGGTTCTCACAGATGATGGTGACATGATTTACATTTCTGATAATG T GAACAAATACATGGGATTAACTCAG 

10.) p.Val116Glu 

(c.347T>A) 

Intron3-462,188,37362,188,456(84)  

gtaaaatgcacacatattaagagctcttctatatgtttttatgattttatgatctagccctaatttttaaaaatgtgtttacag  

ENSE0000065828262,188,457-62,188,541(85)  

TTTGAACTAACTGGACACAGTGTGTTTGATTTTACTCATCCATGTGACCATGAGGAAATGAGAGAAATGCTTACA

CACAGAAATG 

 

Intron4-5 62,188,542-62,193,423 (4,882 bp)  

gtaagaaaagtctgttgtttgatttaatgtgacaggtggttttacataataagatactattgctaattattaaactttgctattgtacttacccaaggca

aaatgttatttcatgtttaataaaatgtctattctttgttaaaactattattttagtttttaggaatttcattttgaaagcccacctaattgcataaataatt

gtgtgggtgtgagaaataaaatggaaaagtaaaatcatgaccaagagagttacaaataactttttttttttttttttaagatggggtctcgctcttttgc

ccatgctggagtgcagtggcacaatcagctgactgcagccttgaccgctgggactcaagcgatcctcccacctcagtctcccaagttagctgggacc

acagacgcgtgctaccatgcccagctaaatttttaaaaattatttgtagagacaaagtctcactatgctgctcaggctggtcttgaactactgggctta

agccatcctctcacctcggcctctcaaagtgttgggattacaggcatgagccaccacgcccaggctaccttttttttccttttctttttaaattgtgatag

gggttcttgctgtattgcccaggctggtcttaaactcctggactcaagtgatcctcctggctcagcctcccaaagtgctaggattataggcatgcgcca

ccacacctggtggagttaaaaattaaaatacaccattaaggcaaggagaaattataatacaaatggcagataataggactttagacagtcattaaa

gttgaggtgccagtttgagtctaaggcccaataaaaaaagttcaccagaattttaagacaaacaactgcttatttgacttctttggatgttctcaataa

ttcgagaccgtgtagttagattataaagtattacattgtggatgcccacatattaacaaaaatagagagtaagacctctaattcttaggaattaa t t

gttaaaaataatcaagtgttccaagattttttggaaactacctcttgaattaaaaaattaaagtctttctacatttttatcttgttaaacagtgtatactg

atcataattatttaaaaaatcatgtgttctaagatttttggaaagtacctcttgaattacaaaaacaagaaagtctttccacatttgtgccttcttaagc

agtgtatactgatcataattgaacttttcttcatgatggaaagttaccacaaggaaaatttcttatgttctgctgttctttgttgctctccaatttaagtgc

atacgtttgtttgcttctatattataaaacctcaaatttactttttgtataatttttgaggttttctttttcatctcatttattataataatagctaacctccat

tgagagaatgctgtgtgccaggacactgttcttcctattttatatgcttttaactcctttattcctcacaacaaccctgtgaagttaactgttagacaatt

tctattttactaggaaactgaggtacagagttactaagtaactttcccaacattatttggttagtaaatggcagagcttgggctgaacttcagtagact

ggcttcagagtccacgctcattagtcctttggagcgcttttcatattcttgaattctcacattctgtcttttttcactctgtcagcaggacctgactcctgtt

tttaaatttcatattgtgtttttactgttaatttggaaaacaaatgcatactttttagaattctgtataaaggaggagtaaatatgctgtgaacaaggac

ctaagtgggttgtcaatgagtttaatatatgagttctaatgtgcagagttgaggtttatattgactgctcagtgcttccctggggctagactataaatgg

 

 

 

 

 

 

 

 

 

 

11.) rs4899056 

(Continued) 

(Continued) 

http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs190579655;vf=51444697
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs182353844;vf=43207188
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs184752499;vf=45610182
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs188294703;vf=49155518
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs111797454;vf=24808391
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs180761660;vf=41614447
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs143801516;vf=35103739
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs2284999;vf=1865045
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs185752531;vf=46611934
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs148089391;vf=38757989
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs17256373;vf=9914094
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs73331620;vf=17535434
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs140911001;vf=32632586
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs111646079;vf=24638405
http://www.ensembl.org/Homo_sapiens/Location/View?db=core;g=ENSG00000100644;r=14:62187050-62187340;t=ENST00000337138
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=TMP_ESP_14_62187108;vf=57049711
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=TMP_ESP_14_62187184;vf=57049713
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs61755705;vf=14475261
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs61755706;vf=14475263
http://www.ensembl.org/Homo_sapiens/Location/View?db=core;g=ENSG00000100644;r=14:62187241-62188276;t=ENST00000337138
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs145427745;vf=36492892
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs137993925;vf=30131449
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs189775101;vf=50637343
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs142678068;vf=34142070
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs181825643;vf=42676507
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs10137588;vf=6668575
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs112501613;vf=25623862
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs10148514;vf=6679785
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs11158357;vf=7510633
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs7159535;vf=5001091
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs150755518;vf=41025473
http://www.ensembl.org/Homo_sapiens/Location/View?db=core;g=ENSG00000100644;r=14:62188177-62188422;t=ENST00000337138
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=TMP_ESP_14_62188251;vf=57049729
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs146196685;vf=37146601
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs201916664;vf=56561216
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs201700009;vf=56347888
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs139400630;vf=31336523
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs11549468;vf=47788127
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atggatattaggaagtcttgttctgatttggtaatgatgttaatgcattattctaaatcagatagtcttaatatagtttaaatgtatgtttcgaaccaaat

gttcttttttaaagcacacaaacattttgaaatcattactaatgtggttaatgaattattgatgttccattgggaaactaaaatgcagatttttctctttt

agaaatcagggactattgcaaagcatcacattttagtgatacactgagagccagtggtgtgtttatacaaatagtcctattttccaaataaattctag

aaaaatgctttagaatttataaattatacaaaatatgacttatttttagagagtttaaaatttaggtttttttaatggtttgtttttgtttgtttgttttttgt

tttttttttcctcattaggaaaacactagtacttttcagttaccttgatttttaaattaatctgcaggtccccattcaaaggccttgggttcctttcaaagg

tcagtataattcaagcttagtttatgaaggactgaacatacccaaaggattttgcatgtggatctttactgccactaccacaaccatcaacacctaca

cacacacgacacacacacattctctctctctctctctctctctctctctctccccctccctcccgcactccttcccttccccctcctttgctctcatggcatc

ttttaaaaatatactcttaaatccttccagggagggcaaattcacttcttaatctaagtaaacccaaatggcatgcatcagcaccaggactgcccatc

tttcctagttccattattcatagagtataggctggaattcatcttgttcctcaagagtccagcatttctagttaaccatgcctacatttaaacttactctc

atttcttttctactttacagtgttttttcaatatactagcattacagtttccagatttgatttctctcctgtcttatttccatcagttttcaagtctattaagat

tctacctcttcatttgtcttttgccaccattcttttccctcatactctactggctcagccctctcattacagtcacctaattctaacatatatattgctgcta

agttaattttccttaagttactgattgtgcttttttaaagccccttgttgaatatttaggcaggactccatgtggacatccacagccctccgtggtacagc

cctaaccttcccttctagctttgccttactactcttctacgtgtactctacattgtggacaaactactatatgctgtttttcaaacatgtcctatttttccta

cctctgtgcttttcattctcttacttctccttggaatacccttctaacccatctctacttactgacattctaatgtctctttttctaagcaagacttcttgattt

cccttgactagaaattatcttctaagctctccctatccttctttaaagcatttttataagtctcaagtaccaactctacattgtgtttttgttgaccttacta

tatctactacatttttaacttcttcaggaaaggtggcgtatcttactcatctttgtattgcctacaatatctagtccaggttctgaataataaatattttta

tatgtgttctgaagcacactgaccaatgaagataagaaatcaagaggctagttccttattttttttaatttttttttttgagacagtgtctcactttgtcac

ccaggctggagtgcagtggcacaatctcagttcactacaacctctgcctcccgggttcaagtgattctcacgcctcaacctcccaagtagctgggatt

ataggcatgtgccaccacacctagctgatatttatatttttagtagagatggggttttgccatgatggccagcatggtctcaaacttctgtcctcaagtg

atcttcctgcctcagcctcccaaagtgctgggattacaggcatgaggcataagccactgcgcccagcaagatgctcttttctcagtcacctaaatata

atctcatttttagttatagaaggtttgaaattggagtgaatagactttacttaattctgactttatttctgtagctttttttttttgagatggattctcgctct

atatcccaggttggagtgcagtggcacagtctcagctcactgcaacctctgcctcccacgttcgagtgattcccctgcctcagtctcccaagtagctgg

gattacaggcacccactatcacacccagctaatttttgtatttttagtagagacagggtttcaccatgttggccaggccggtttcgaactcctgacctc

aagtgatcctcttgcctcagcctcccaaagtgctgggattacaggcatgagccaccgtgccctgcctatttctgtaacttttgataagtcatttgatctg

ttgttgttgttttctcatagtaacaaagtagaagtaattttctgcctgctttactagataaattaaggggaaaaaaataagatacgtaaaaatgttattt

gttattaaaaagaaagttgttattttaaaggttctataaagacatagagtgcttattagaaattgagctaacacattcaggaaaggataggaagagt

ttgctgaagttctttctttagggattcttgtgtaccgatagcacagttaaagagcaaactcataccatttttatatttctgtgtatttgactaagcttactg

gcttcaatgattaactgttatcccaaatatggattatctttcagccaactcagggaatcacagctactgagtagtgtgtgtcagatctcttgggtgtgct

ggagtgagtaaaaggggaatgaattactgtgttcatgctgagacttaattgaacgggtattcagttgatctaggtgatgggcactttgttacttttatt

gtaacaaatttgtatatttagttgctttaaaactttatttcatgctttcattag 

ENSE00000658283 62,193,424-62,193,536 (113 bp)  

GCCTTGTGAAAAAGGGTAAAGAACAAAACACACAGCGAAGCTTTTTTCTCAGAATGAAGTGTACCCTAACTAGC

CGAGGAAGAACTATGAACATAAAGTCTGCAACATGGAAG 

 

Intron5-6 62,193,537-62,194,170 (634 bp)  

gtaagtgaaaattatttgtgattgattatacactttatttatacatagacattgtagtattaagataactttagaattgtgagggaaggtttacagttcc

atggtgtttggttatgtaacatttatatcttcaactcatttgcatgtgatctccaaaatgcagaaccgtgtagtaatttgccaatttgaggcacaaactt

aaattacgtgaattgtggcactggtgttccaggcttaatcagttggctttgccagccacacaatatttgaatcctgatagggcttaattttctattaatc

atggttttatatctttgttcaatgttgaaacatagtcatcagtgcaagaaataactatcaaacagccatgatgatgagatgaatgaaaaagcagcct

agactttatacgaggggaattttttaaagagtaatgtataggccctgggcaggaagtaggtcataggtggtatcataggaaaaatgttcattgatttt

caaaaacgtgattaatccactagtgacagtaaattttatcaaagcttactggccatgtcagactcaactacttatctctgctttttttttccctagcattg

taaatattttttttaactgctttgttcttcatacacag 

 

ENSE00000658284 62,194,171-62,194,373 (203 bp)  

GTATTGCACTGCACAGGCCACATTCACGTATATGATACCAACAGTAACCAACCTCAGTGTGGGTATAAGAAACCA

CCTATGACCTGCTTGGTGCTGATTTGTGAACCCATTCCTCACCCATCAAATATTGAAATTCCTTTAGATAGCAAGA

CTTTCCTCAGTCGACACAGCCTGGATATGAAATTTTCTTATTGTGATGAAAG 

 

Intron6-7 62,194,374-62,199,135 (4,762 bp) 

 

 

gtaaattagatctaaaatgtgaatttgaaatttttaattagtctacagcattactgaatattcaccatagcaaagattcagcgctggccatgcatggtg

gctcacacctgtaatcccagcactttggaaggctgaggcaagcggggggtggatcatctgaggtcaggagattgagaccagcctggccaatgtggt

gaaaccccatctctactaaaaaatacaaaaattagtgggacgtggtggcaggcactactcaggaggctgaggcaggagaatcgcttgaacctggg

aggtggatgttgtggtgagctgagctcacaccaccacactgcaagcctggatgacagagcaagactcccatttcaaaaaaaaaaaaaaaaattac

tcaatgttaaactatactttccactaaattgaacagaatgatacatcctataatattagattaactttgtaaattaattcagccacatttattgaacatt
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tactctgtactatgaacacttactttactaggtgctatccagaagttaagatgagtctttttttccccaataggggctctacttacttagagaatttcaa

agatatgcagtgtgtattttgagcaaagatagattaccttaggttggggactagaaagccaagtgtttgtacatctcttcatcctacatattttccctga

gaagcttcaaccttgcccatggtttctattactatttcccacatttcttcctgtaactaattctatttaattgccaacttaatatttctatctggatattcttc

tgtattgtaaactaagtattactgtaacaactgtactactactgcccccaaacaacatcatcatcaaaaactgcctttcttcctataatgcttattgtgg

tttaatacaccaccatacacacatgactccagcaaaactttggaagtcatctgtaacttttcttttacattcattggctacatacagttggtgtctaaat

cttacagatttactatctacatatatctcttgatccatttcctcctttccatccttgcactcctgccattgaattcattagctcattattactcttgacttgag

ttgttggcatagctgcctttttgccaacagatttgtacccttataatctttcatctaagttgccagaaagtgggtgtcctaatgtgaaaatcagatcatg

tcattctgttgttgaaaatgcctcaaatgcttccctccatctttgcacacaaaaatattttgtttataaaaatactagatgagggaagtaaatttttcatt

tatcaaaagaagatgtgtattttagaagactgaaaaaaaatagacctacacaatacaatctaaacttagcatggcaaacaaagatatttatgctct

ggccctaactctgtctttggaatcagatgttagattcactcatggcttgcagctctgatacttacaatgtggccttggccttggtacttaactgttgtaaa

attcacattccttatctataaaataagaatcatggctgggtggggtggctcatgcctataatcctagcactgtgggaggccgaggtgggtggatcacc

tgaggtcaggagtttgaaaccagcctggccaacatggtaaaaccccatctctactaaaaatacaaaaattagctgggtatgggggcacatgtccgt

aatcccagctacttgggaggctgaggtaggagaattgcttgaatccaggaggcggaggttgcagtgaaccaagcttgcaccactgcactccggcct

gggagacggagtgagactccatctcaaaaaacaaaaacaaaacaaaaaaaagacctcagaaggatgttgtcaggattaaaggagtccattgagt

gcctagtacagatagtgaatgcttcactactggtgtcaactttaagaaaatgaatatagaaaagctaagaattattttaaggtgtttactactagcat

gtaaatgtatgatgggacagagatttccatcctattttgaggaattattttttatttttttgaaaacttaaggtaacaaagtagagaggaggccaggg

agaaaggaaggtagtggagcaaaaatgagaaagggagtgacattcccctctagttatagcagaaaattagcaaaatgatcatgacaggaggtaa

cagtaaagacagccagctcatatatcaaccaagacagttttgagtttgaccagcagactgttattttctggtttagagctctttccaggaacttcttgc

atctataacccctgagaaccaagctatggaaaaaattttgctcaattttaagaaaatctaacatatcaagctcctcaactccaaaatattccacaaat

agctgctatttactatactgagtaataatcatttaaaattattcaacactttatttgagcatctactatgttcatggcactaaagtagaaatgaagatg

aacagttcctgcctcaaaataaatgagtagtatactgctttagatcatgggtttcctagtccattaaaaacactttttggtcatattttctggacacccc

gacccttttggta t agaatataacctatgtaattctctaaagttaaattaacctcacttttcttgctctaatatgtgtaaaactgaccttctaggaaagc

atatacagtttatatttttgacttcttggtatcttttagtgatagacatacctcagattgagaagcactgattgacattagattaaatcagagcttcctat

gacaatataaacaataccttcattaatctgatccccctacctacttcttcagcatcatctcatatctgtctccactaatcatattatagaatctttgttac

ctgcaccatgttaagcatttttaaaaatcttttgtttataccatacctttttcctgaaagc g gttttgcctttcctttgtctctagtcataagtctcctata

agaggctgttcctcattctaccattcctttgcatggataggattccatggaatagattctcatcactgcatttatcacattatttcctaagtagtacagta

catctactggaagattagccacgtattgagttttgtctttgcattttcatgcctagaataatgccgggcacacataggcatattaagatttgaatagtg

aaaaagtttttaattccatggggattttatttaaacagaaaaatataagaccaattagaattatttttaaagcataatttcaagaaatatgactgattt

tgtttaaaaacatgttttcctttataatgctgccacctggtgttgctgtgtttagagatgtccctttgtaaagaattgagggtttgagttgagtttggtttg

gtttttggcaaatcagcttttcctttgtatatttattttgtaataaactatggaagatcttgcctttaagtgtgagaacacaagcaatgttacttttatacc

tttatagaatatcttgcctatgtccttcctgtagttaggtagggttttttttttgacacacagcatgttatataaggtttgcttgcacctcggtaggaaagt

cctctgaaatctaaaggctgagaatctaaaagcttaactcatgttttgctcctagaaagacttgagaagagagtatttctgttcagcatggtactaag

aagacagctttctcttcctcatgtcatggttgccatttcatactgcttacagagaataagatctagtctctgtcttaaataaaggtctactctctgccag

cgagctagatagggtaattggattgttttccaatctattttcatttgaaatattgttttatctgaaattactcccataatttcatgtaatgccaaaaacta

aactaagtacaagagcatcttcaaaaaccaacataattcctttagttcccatttagtgtagatgctctttggttgatgatattagaattgtgtaatggct

attgatctctcaaagtgaggtgttgcctaggggcttaaaagttactacataaagaatttggctttatgaagaaatgttacagattttatctatattttaa

aataagtgtaagtgactacctttataacttttaccatgtagtttagtagtatttcttatctgtttattaataccctgccttgttaccaaaagtatgtataat

gagatgtaataagaataggtaacaagtaggctgggcacgttggctcatgcctgtaatcccagtactttgggaggccaaggcgggtgaattacctga

gttcaggagttcaagacgagcctgaccaacatggagaaaccccatccctactaaaaatacaaaattagctgggcatggtggcacatgcctgtaatc

ccagctacttgggaggctgaggcaggggaatcgcttgaacctaggaggtggaggttgcggtgagccaagatcacacctcattgtgctctccagcct

gagcaacacgagggaaactcttgtctcaaaaaaaaagaccaggtaacaagtttgggtgaacaggattaaagagttaaataacaggaggaatcta

gaggacttaaagaaatgtgtggtgttg g atttaataactgtagttgccaaaggtgaggtgtaaatttattctaagcaaaggaggatgctcatttttg

aaaattcacttgtccataagattaatgcctatcagttaacttgggaggagaaaaatttttctttatcagtgtctcccttttttttcttaaatcttgtattttt

tactaacag 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

12.) rs1957757 

 

 

 

13.) rs12434438 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

14.) rs11158358 

ENSE00000658285 62,199,136-62,199,242 (107 bp)  

AATTACCGAATTGATGGGATATGAGCCAGAAGAACTTTTAGGCCGCTCAATTTATGAATATTATCATGCTTTGGA

CTCTGATCATCTGACCAAAACTCATCATGATA 

 

Intron7-8 62,199,243-62,200,855 (1,613 bp)  

gtaagtacaatggaagaactcagagatattctaattacttaactgttgcaacctctgtacagtttggctacccatctaattctctggttaaaagttcta

gactaaatgtgttaacaggcctattcagtagagatcttgaccattttgtgttttgtatgtgttgcaacaaatatcagtaaaaatagaatcatttaatcat

agaaaaaacttcctggcattttaaatacaaagacttttgaaaatccaaatattatagagtattgaatagcataattttcagaattcacataaatactc

 

 

 

 

(Continued) 

(Continued) 

http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs73331660;vf=17535460
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs184956994;vf=45815195
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http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs148760552;vf=39330198
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs184325802;vf=45179573
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs189488080;vf=50347756
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs12887165;vf=9131453
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs73331662;vf=17535462
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs181906646;vf=42761579
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs113070831;vf=26285049
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs186988446;vf=47848728
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs139564534;vf=31479961
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs201235618;v=rs12891737;vf=55892734;vf=9134455
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs71423444;vf=16062322
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs67229007;vf=15333680
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs191113515;vf=51977995
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs191113515;vf=51977995
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs79888587;vf=23689761
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs180728789;vf=41577475
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs186706827;vf=47566786
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs72714570;vf=17032375
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs75273443;vf=19134831
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs17099146;vf=9837549
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs113705008;vf=27020061
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs1957757;vf=47617391
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs73331665;vf=17535464
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs12434438;vf=47813791
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs2301108;vf=1881123
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs140977608;vf=32687646
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs2301109;vf=1881124
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs190157960;vf=51020567
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs183194691;vf=44050931
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs77840917;vf=21673378
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs116379776;vf=29057989
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs187484190;vf=48343992
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs190461182;vf=51327096
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs184132575;vf=44990832
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs149789686;vf=40205549
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs201849742;vf=56495524
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs11622129;vf=7922596
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs111615965;vf=24598993
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs188642783;vf=49503724
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs148864319;vf=39418280
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs192784634;vf=53650998
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs147023180;vf=37850159
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs12885226;vf=9129558
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs11158358;vf=47778328
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs111271244;vf=24201353
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=TMP_ESP_14_62199118;vf=57049827
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs200037213;vf=54704379
http://www.ensembl.org/Homo_sapiens/Location/View?db=core;g=ENSG00000100644;r=14:62199086-62199292;t=ENST00000337138
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs141997782;vf=33557520
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs184244716;vf=45100791
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs188461135;vf=49322881
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs188461135;vf=49322881
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=TMP_ESP_14_62199199;vf=57049846
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs112804643;vf=25970647
http://www.ensembl.org/Homo_sapiens/Location/View?db=core;g=ENSG00000100644;r=14:62199193-62200905;t=ENST00000337138
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs143649541;vf=34974948
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs191651195;vf=52514358
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=TMP_ESP_14_62199273;vf=57049866
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs183842042;vf=44702253
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs145746924;vf=36761657
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs148185719;vf=38841214
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs188943052;vf=49804320


 

 

agaacagtggttggtatgtaaaaggcactcagaaagtatttgtacaatcaatgaatgtgaaggtggtgaacatcacctttggtaataagtaccatttt

aaaaaatgcttataagtgcatagttaggtatttatatttatgggttcatgaaatattttgatataggcatgcagtgcataaggataaatggagtaccta

tcacctcaagcattatcttgtgtgacaaacaatccagttatactcttttggttatttttattttattttattttatttttttcttttgagacaggatctcactct

cgcccaggctggagtgcagtggagcaatctcagctcactgcaacccccgcctaccgggttcaagagattctcctgcctcatcctcccaagtagctgg

gattataagcatgtaccaccatgcctggctaatttttgtatttttagtatagacagggttttgccatgttggccaggctggtctcgaactcctgacctca

ggttatccacctgccttggcacc c ggcctcttttagtttctttaaaatgtacaattaaattattttttactatagtcacccaaaacaagtacctttgaca

taagatttgattctgaattttactcaaatgaatgttaagatccccaagataagttaaactttggactatctcacctgtttaatctgtacctatgcatgact

tcccactgtgcttgaggatacctgaatatcactgagtttgtgtgactgatcagccttgaactcaagagtaaatccaagtctgcagtcaggacacccca

atcctcaaaataataccatcattagcatttatttagtactttctcccaaatcagtatttaatttaaattgccaaaagacttacaatgtggtatcaatttat

atttaaatatgctacatatagctttttaaagcatctttggttctctggaaaccatagtcagaatttaaggaagttattgtggcaccattttcttgaaaaa

ggctattgattattctctaatctgacaccaacctaagtcattaaaggaattttagttactgaagattgtatattcatgaactcttcacttagctcactgg

cagcaaaggagttttatttagggggtttgaaaaaggaaatgggtacattttcagctattctgggacgcactgtcagaatgtaagcagttacaactga

ttccactaaataaacatttgttttccaaaacaatgatgaacattcagcatctgttcatttaattgaaaattcaaagttaaaatattttctctgcatgattc

tttttcttttcccccctag 

 

 

 

 

 

 

15.) rs2301111 

ENSE00000658286 62,200,856-62,201,003 (148 bp)  

TGTTTACTAAAGGACAAGTCACCACAGGACAGTACAGGATGCTTGCCAAAAGAGGTGGATATGTCTGGGTTGAA

ACTCAAGCAACTGTCATATATAACACCAAGAATTCTCAACCACAGTGCATTGTATGTGTGAATTACGTTGTGAG 

 

Intron8-9 62,201,004-62,203,606 (2,603 bp)  

gtaagtaagtttgagaaataaacatttttggggaacaaatagtaattctttttggatactctgttcatttataggaagataagataataaatattaact

aaattttaattcttttacatcgctaccaaattattattttctatactctgacctaggtttccagtccagctattccacagtgatgctgctaaacactgtca

gtagttgtctatccccataccttcactcctatttttaaaaagaccatgaaaaaaataccagatccattgattggtttggtctaattatacagatatcggc

atatactatctcaagacagctgtgttctttttgtaggaagaatcctggcctagatttgtatcatagctctaccactcattagctccctgaccttggggaa

gtctcttcatttttctgaatttcatctatgtagataatccttcagaaggttataatgaaaattaaatgaaattctatgagattagggaggggggaggga

tagcattaggagatatacttaatgtgaatgatgagttaatggatgtagcacaccaacatggcacatgtatacatatgtaacaaacctgcacgttgtg

cacatgcaccctagaacttaaagtataatttaaaaaagaaaagaaattctatgagattaataagctatatgatgtaatacatggctcttgtatattca

tgaactcttcacttagctctttggcttgtgaatattatgtacatcaaaatttaatttttcatttgatctattttactagactcctgccccatctagtctacct

gtccacattattaccacattctagtccatcttgcccattactaccaggctaagctttctagtgtggatatgtcatcatcttattttccttagaattttagcg

atctttttatcatttccaagataaacacttgcctaggtgtacagcatccttgtttaccatcatactcacgcattagagatttagccttccctttaaaatct

agggtcactcctcttaggaagactttgggcagtttttatttttgctacttctgacaccatcctttaatgttttaatattagtgccacagagttcttttgtga

ctttaccattatgtaagaatcttccacttggaatgtctttctcttcctcacaccccagtctgcctagcaaatgccacttgatcccaagtatcagcttgtta

gcttctcagtgaagcaagccttctctattttagcagttatcacagtgtattttaattgtttacatatctactttcacaatgggttataaatttcttaaggtc

aagggttggctattttaatctttgcattatcagttcatttcagatagtgaacatttaatacgttaattaaaggaataatttacatttaagccaaacgtga

agataaactattgctcatcatccctcttcagccgtatcctgtaggtggtatcaccttatattcttaccaccaaagaaaatatggcccctctcttagaaa

gatcttaatcatttatctgtgtatctttaggactatccttagatcatgcctcacatattgatgccaaagagttcttttgtgccaatttcataatgtgtgtca

gcacaacaattctgaagatttgttggtgtctttcatgtacttgactacaaattgccttgccattactactcttctcaaaggatatctgaaattctttttttc

ttttttttttttgagatggagtctcactgtcacccaggctggagtgcagtggcgtgatcttggctcactccatttcccgagctcaagtgattctcatgcct

cagcctcccaagtagctgggactacaggtgtgcaccaccacaccgggctaattttttgtatttttagtagagacagggttttgccatgttggccaggct

cttgaactcccaggctcaagcgatccacccgcctcagcctcccaaagtcctgggattacaggcatgagccaccacgcccagcctggatatctgaaat

tcttaactgaaattagtcaaattatcttgtactggggattttttttttaatttcaacttttatttttgattcaggggatacatgcataggtttgttacatggg

tatatcatgtgatgctgaggtttggggtacaattgatcctgtcacccaggtagtgagcataatacccaacagttgttcaacccttgcccctctccccta

gtagtcctcagtgtctattgatgccatctttatgtccacaagtaacccagtgtttagctcccacttacaagtgagaacatgcagcatttggttttctgttc

ctgggttatctcacttaggataatggtctctggatgcatccatgttgctgcaaaggacattatttcattcttttttatggttgcatactgtggattttattg

ggtctttattttgtattagcattttaaaaccctaaatgtgacacagta c gcatgagtgatcatgcatctcaagaaatcttgaaatgttcctgtccataa

agcagaattttttaagagaccatttcacagtctcccttcccctcactgtatcaagtgctcatttgtgaattaccaatttctcttgttttgacag 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

16.) rs10873142 

ENSE00000658287 62,203,607-62,203,827 (221 bp)  

TGGTATTATTCAGCACGACTTGATTTTCTCCCTTCAACAAACAGAATGTGTCCTTAAACCGGTTGAATCTTCAGAT

ATGAAAATGACTCAGCTATTCACCAAAGTTGAATCAGAAGATACAAGTAGCCTCTTTGACAAACTTAAGAAGGA

ACCTGATGCTTTAACTTTGCTGGCCCCAGCCGCTGGAGACACAATCATATCTTTAGATTTTGGCAGCAACG 

 

Intron9-10 62,203,828-62,204,804 (977 bp)  

gtgagtagttatttttgttaatcccctaaattgtgtctgttgctacaagccccatttcaactaaacattactttacggtttttgttggtaatcatttggaca

ttacaagctaatatatgtttatagttttcttaaatgtatttgcttaaatatttttgcccccgtaatttcttaccattcttgcttttttatactgttggaaattgt

 

(Continued) 

(Continued) 
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gcttcaaagtgtccttaaggtatttcttcttcccacataaatttttcctggctactctatttctgtatcctgctgtcagattttctccacagtttagcagagt

tatatggaagtaggcattgttgcattaaaggataaaaaagtagtcatactataacatcaagcattgaagatgaaaactgcaattttaaagtagaga

acattttaatgtataaaaaggttggtattgccttttgtcttttatgccatagagattaagacgcggtatcaatagtggattgtaaaggtaactcagactt

atggttatactatactattgtatgtaaactttctgatgaaggaaaatttggtgacattttgttgtttgatgaattagacaaaccttttgtgaaaaagaac

ataaattttttatatgtgaaaatccttgtggccgggcgcagtggctcacgcctgtaatcccagcactttgggaggccgaggcgggtggatcacttgag

gttaggagttcgagaccagcctggccaccatggtgaaaccccgtctctaccaaaaatacaaaagttagctgggcgtggtggtgtgcgcctgtaatcc

cagctacttgggaggctgaggcaggggaattgcttgaacctgggaggcagaggttgcagtgagccaagattgcgccattgcactccagcctgggca

acagagcaagactctgtcttgggtaaaaaaaaaaaaaaatccttctatactttagattgactcatattttttccccacag 

ENSE00000658289 62,204,805-62,205,091 (287 bp)  

ACA C AGAAACTGATGACCAGCAACTTGAGGAAGTACCATTATATAATGATGTAATGCTCCCCTCACCCAACGAA

AAATTACAGAATATAAATTTGGCAATGTCTCCATTACCCACCGCTGAAACGCCAAAGCCACTTCGAAGTAGTGCT

GACCCTGCACTCAATCAAGAAGTTGCATTAAAATTAGAACCAAATCCAGAGTCACTGGAACTTTCTTTTACCATGC

CCCAGATTCAGGATCAGACACCTAGTCCTTCCGATGGAAGCACTAGACAAAGTTCACCTGAG 

17.) rs41508050 

Intron10-11 62,205,092-62,207,222 (2,131 bp)  

gtaggtgtcatgatataatcagaaagggacaactttcagattttaacattcaagaatgtatttataagtttgattcaaacacttatttgaaccacaaat

tacatttgtgtgtgtgtttgaattttagcactttaaaattattgcaagagctactgcctaacctagacctgagcacatgttttaggctcaaagatagtca

ggaacatgggaagaaactagcttaatataaaccaaaaggtgaaacgtacattgtttctctattatttatatcagtaggacaaaaacatcttgaatttg

gacatttaaagagaatagtactaagtgtgctcaaggtagctacagcctatacctgttaccccttttagtttgttttattgtgttttgttttgttttgagaaa

gagtctcactatcacccaggctggagtgcagtggtgcaatcacagcctcaacctcccaggctcaaatgattctcccacctcagcctcccaagtagct

gggactacaggcctgcatcaccatgcctggctaattttttaacctttttttgtgtgtgtgtgtggagttggggttctcactatgttgctcaggctggtttta

aactcctgggctcaagcgatcctcctgccttggcctcccaaagtactaggattacaggcgtgagctaccatgcctggcccattacccctttgagttgg

agaactgtctggtagcaatagacttacgagggtttaaatgggaaaggaccttataaattctttgcccaatttagtctaatttccatcactattttgaaa

ttttgggtaagtataatatgaaaataacaagtgttacataaaataaatacttagtaactggtcttttttattctggatctgtcttgatattaattgtccta

tgaacacaaaaataatctttaaaggctaggctggccaagacttagagatatcacacagggctctatttctaaatctagaatgattccattttagggct

tcctacatctaaaaatatgctcaggagtagggcaacttagatctgaacattataacttgataaatgaggcataaataagctttaataagtggtaaat

aattctacattaggtatttgttgaataaaactgacaagctaagagtaggggatttgacatctcacagccttgtgttgaatgaatatatatcctatgctc

tggttgcttaatttacccagaaaaaaaaatgtttgattcatcttggtttttatctaacaaaagtaaatctaacaaaaacgttagaatgaggaaagcaa

aatttcttgtttagaatacacagctatagttttttgttaaacttcttgcccagaactcttaaaatagtaataatgtacattcgttcaggtatatgcaggta

aaataacttaggtttctactcccacccccgacagtaacagtgagatttttaggtagctcagtcacca c aggagtgtgccttctcagttcaaaggtaa

attccagtgaatgtagcatctagttaattggtcaattaggtaccattgtgggatgtgaattaccaaataggttttattctttagaataaggtgtttctttt

catctcaattttgtaaatgatgttatattacatagtcagaaatatatatattggcaaaattagttaccagtataagcttcaaaatgtcactattttcaca

aatttttttttttttttttttttttgacatggagtctcactctgtcgccaggctggagtgcagtggcatgatcttggctcactgcaacctctgcctcccaggt

tcaagtgattctcctgcctcagcctcctgagtagctgggattacaggcgtttgccaccatgcctagctaatttttgtatttttagtagagacgaggtttc

accatgttggccaggatggtctcgatctcttgacctcattatccctccaccttggcttcccaaagtgctgggattacaggcgtgagccactgagcccgg

cctagttaaataaaatttgataaacacgatggacttggttgtgtgttttctggtttttctgagatctagtttgaaaattctgacaactagcaaagtatat

ggaagcttcttcaggaaatagtaaacatatttctttttacag 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

18.) rs2301113 

ENSE00000658291 62,207,223-62,207,345 (123 bp)  

CCTAATAGTCCCAGTGAATATTGTTTTTATGTGGATAGTGATATGGTCAATGAATTCAAGTTGGAATTGGTAGAA

AAACTTTTTGCTGAAGACACAGAAGCAAAGAACCCATTTTCTACTCAG 

 

Intron11-12 62,207,346-62,207,472 (127bp)  

gtatatgaacttatttgttttatattaaatttcattaatttttagtctgaagtgactttgagtttcacttgttttttatttataaggtgtggccattgtaaaaa

ctcatgtatttgctgttttaaag 

 

ENSE00000658293 62,207,473-62,207,906 (434 bp)  

GACACAGATTTAGACTTGGAGATGTTAGCTCC C TATATCCCAATGGATGATGACTTCCAGTTACGTTCCTTCGAT

CAGTT G TCA C CATTAGAAAGCAGTTCC G CAAGCCCTGAAAGC G CAAGTCCTCAAAGCACAGTTAC A GTATTC

CAGCAGACTCAAATACAAGAACCTACTGCTAATGCCACCACTACCACTGCCACCACTGATGAATTAAAAACAGTG

ACAAAAGACCGTATGGAAGACATTAAAATATTGATTGCATCTCCATCTCCTACCCACATACATAAAGAAACTACT

AGTGCCACATCATCACCATATAGAGATACTCAAAGTCGGACAGCCTCACCAAACAGAGCAGGAAAAGGAGTCAT

AGAACAGACAGAAAAATCTCATCCAAGAAGCCCTAACGTGTTATCTGTCGCTTTGAGTCAAAG 

19.) rs41492849 

20.) rs34005929 

21.) rs11549465 

22.) rs11549467 

23.) rs199775054 

24.) rs61755645 

Intron12-13 62,207,907-62,211,422 (3,516 bp)  

(Continued) 

(Continued) 

http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs60878101;vf=14228475
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs8012370;vf=5747356
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs138391655;vf=30473749
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs143072361;vf=34482039
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs150681079;vf=40966161
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=TMP_ESP_14_62204789;vf=57049922
http://www.ensembl.org/Homo_sapiens/Location/View?db=core;g=ENSG00000100644;r=14:62204755-62205141;t=ENST00000337138
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs41508050;vf=47951096
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs149348765;vf=39831223
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=TMP_ESP_14_62204871;vf=57049934
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=TMP_ESP_14_62204875;vf=57049938
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=TMP_ESP_14_62204882;vf=57049943
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs34794011;vf=11213974
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs185838383;vf=46695432
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=TMP_ESP_14_62204943;vf=57049952
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=TMP_ESP_14_62204958;vf=57049957
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=TMP_ESP_14_62204958;vf=57049957
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs138451482;vf=30524082
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs149282253;vf=39772042
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs188592683;vf=49452552
http://www.ensembl.org/Homo_sapiens/Location/View?db=core;g=ENSG00000100644;r=14:62205042-62207272;t=ENST00000337138
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs202184375;vf=56828629
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs202184375;vf=56828629
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs10138153;vf=6669149
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs73314112;vf=17526349
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs186727143;vf=47587115
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs191677865;vf=52541053
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs144752604;vf=35913762
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs139955992;vf=31812798
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs116121035;vf=28876799
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs145422484;vf=36487541
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs112219717;vf=25301081
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs112219717;vf=25301081
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs72714575;vf=17032405
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs116908431;vf=29419470
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs61997403;vf=14656048
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs142220661;vf=33757922
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs34726371;vf=11149240
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs12100452;vf=8401854
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs2301112;vf=1881127
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs151220442;vf=41421790
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs73314116;vf=17526375
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs115632003;vf=28522653
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs2301113;vf=47633799
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs36189686;vf=12490955
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs36189686;vf=12490955
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs72194020;v=rs71915781;vf=16715646;vf=16557554
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs3059959;vf=2706232
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs3059959;vf=2706232
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs36125594;vf=12412830
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs36125594;vf=12412830
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs35757892;vf=12080634
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs1555585;vf=1210433
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs2301115;vf=1881129
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs6573398;vf=4441937
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs111454344;vf=24417756
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs138417176;vf=30491632
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs138417176;vf=30491632
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs183906895;vf=44765641
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs111569195;vf=24546625
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs143414545;vf=34773341
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs148373460;vf=39000955
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs141430876;vf=33076501
http://www.ensembl.org/Homo_sapiens/Location/View?db=core;g=ENSG00000100644;r=14:62207173-62207395;t=ENST00000337138
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs146178214;vf=37128637
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=TMP_ESP_14_62207258;vf=57049992
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=TMP_ESP_14_62207266;vf=57049998
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=TMP_ESP_14_62207315;vf=57050002
http://www.ensembl.org/Homo_sapiens/Location/View?db=core;g=ENSG00000100644;r=14:62207296-62207522;t=ENST00000337138
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs200439820;vf=55101630
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=TMP_ESP_14_62207393;vf=57050006
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs113919067;vf=27252603
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs150831075;vf=41088829
http://www.ensembl.org/Homo_sapiens/Location/View?db=core;g=ENSG00000100644;r=14:62207423-62207956;t=ENST00000337138
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs41492849;vf=47951068
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs142376463;vf=33885040
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=TMP_ESP_14_62207544;vf=57050020
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=TMP_ESP_14_62207544;vf=57050020
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=TMP_ESP_14_62207552;vf=57050032
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=TMP_ESP_14_62207552;vf=57050032
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=CM035511;v=rs11549465;vf=55577528;vf=47788124
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=CM045170;v=rs11549467;vf=55577529;vf=47788126
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs189765835;vf=50635211
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs61755645;vf=48012157
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs147259114;vf=38051198
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs199752292;vf=54425503
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs201730640;vf=56382229
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs200756402;vf=55417222
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs139296931;vf=31248824
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=TMP_ESP_14_62207736;vf=57050076
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs150016527;vf=40397481
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs147698846;vf=38427639
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs201307354;vf=55956195
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs142325668;vf=33838862
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=TMP_ESP_14_62207873;vf=57050092
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs144630332;vf=35812245
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs182139975;vf=42997125
http://www.ensembl.org/Homo_sapiens/ZMenu/TextSequence?db=core;factorytype=Location;g=ENSG00000100644;r=14:62162231-62214976;t=ENST00000337138;v=rs199845303;vf=54511209
http://www.ensembl.org/Homo_sapiens/Location/View?db=core;g=ENSG00000100644;r=14:62207857-62211472;t=ENST00000337138


 

 

gtatttatatgtaacattcaagttatagttcttttattatttttgagataaatgtatgtgatagtacatgatttttaaacttatagcaaactttctga t ata

tatgccctaacgcaaattcttgagaactcaaaaaactttctaaattaacctcatatattttttctttttctttcttttttttttttttgagacagagtctcgct

ttgtcgcccaggctggagtgcaatggcatggcaccatctcagctcacggcaacctctgcctcctgggtgcaagagattctcctgcctcagcctcccga

gtagctgggattacaggcatgcaccaccacgcccggctgatttttttggtatttttcatagagacagggtttctccacgttggtcaggctggtctcaaa

ctcccgacttcaggtgatccgcctgcctcagcctccgaaagagctgggattacaggtgtgagccaccatgcccgctcctattttttctaaaataattat

aaattctaaaattacctatctaaatggaggagggtcttctgacacctttaaaataaaatccagctcagtactgtaaatgtgtttacagaacttgtttaa

agttcttacagttgtttaaatcagactagttaactaccctcactacttagatgcttccatttcttagagctcttttttaagcttatctgaagaaaagccctt

ccaatttaagggttatttccaattgcacattccaaattgagccttccatcttcagcattcaatatagatatttacaggcccctcttttaaaattttattata

gttaacttgtattaaagttgcttttatttttcattacgtatttgtagaacattagctatatatatattgcaggctacataggttttcaaactgtacaacag

gaatctaagcatgaattgttacttctatggagctagttcaaacaaacatatggacatgacccaatttttaagttatactttctgtatataatttgtaagg

ggatttcacatattttaagtttgaggctatagctagaagaaattaagttttatctaataagtgtgtggaaaagggaaatgattccttctctactatgtct

agactaagccagatatcaatagcaataggaaagaaccactgtcgtagccagaacacatagcttttttccctgcctaacattcccaccttgacctaga

gtgctgggagaggtcttttccctaagcttggaaaagacattggggctttagatgaactcagaagtactttacattactttatttactgtgtcacttactc

acttttgactctgagctccacgagggcaatcacagtgtcttgggcattttagtgatactaatacttagctcatgacctaatgtgtagtacttcctcaata

aatggttgttgaggcagggcgcagtggctcatcactgtaatctcagcactttgggaggctgaagcgggtggatcacctgaggccaagagtttcagac

cagcctggccaacatggtgaaacccggtctactaaaaatgcaaaaattagctgggcgtggtggcacgtgcctgtaatcccagctactttgggaggtt

gaggcaggagaattgcttgaaccctggaggtggaggctgcagtgagccgagatcgtgccattgcactccagcctgggcgagaagagtgaaactcg

gtttcaaaaaaaaaaaaaaaaaaaaaagttgttggactgacagatgcatgaatacagtagtaaaaatgacaatcacttataagttacagtttacta

tcagctacagaggatgggatatccagttttctgaacaactgttctcttgtacttgtcaaagccaaagtgtaacaacacatcaagtcactttagcaattt

atttttgagacggagttttgctcttgttgcccaggctggagtgcaatggcgtgatctcggatcttggctcaccgcaactgccgcctcgctggttcaagc

aaatctcgtgcctcagcctcccgagtagctgggattacaggcatgcaccaccacacccagctaattttgtatttttagtagagacagtgtttctccagg

ttgatcaggctggtctcaaactcccgacctcaggtgatccacctgcctcagcctcccaaagtgctgggatgacagttgtgagccactgtgcccagcta

gcaactgtttttaaacattagttccaatgtagtgtacactgaaaacttttatgaaaggaatttcaaaaattaagataaaccattaaaaacgtaattac

taagtactactactactacaatgatatttacataatagactgagttacatttcataaagacaatatatctgtataagaatttttaaacttccctgtctat

ataatagaagttttagagaaattttttaaaaaccaaagaaaactgcaaaataagatcacttacctatttggcattctcaactgtctggaacagcaag

gagccattatgattatgcatttggtttgtggggtgtcttgaaaagtcaaaataatgtaacaaagctgatgtactttactcattagaacaattcttcaca

atttaatattaattttagatatacatagttcatgtttgataaccagatcaatactgagtgaaaaatagcatagtgggaagagcaggggaggggaggt

agggatctggagacctagagtgtacttccatattgcaactagtgagcagtaggactttgagaaagttacccaataggcctcagggttctaatttataa

aatgggtatgatatgcctgccttatctgtcttgggaacttaagtaaggttaaaatgaactaatgaacttgaaatgttttataaactgaaaatgctatac

gaatgtgagattgatcttgtatttcaatagtcccaacaatatcactgcattgttatattaggtggaataaaaggacaatatttaactgttttgactctac

aatagtgtcaatttagttgtgttcagctctattttataaaatagggatacgcatactgtagaaaatttcctgttaaattaagctttgacggccaggtgct

cacgcctgtaatcccagcactttgggaggccaaggtgggcagatcacttgcgctcaggagtttgagaccagcctgagcaacatagtgaaatcctgtc

tctacaaaaatatgtatatataaattagtcataatcccagctacttgagaggctgaggtgggaggatcacttgattccagaggcagggcttggttgc

agtaagcagagatcacgtctctgcactccagcctggctgacagagtaagaccgtgtttcaccaaaaaaaaaaaaaaaaaattaagcttttactttta

agatgataaactttagtgatcaggaaagttatcttatgtatattatattccttaatattggagaactaaagaattatgtattttctttaaaagcgctcac

tggatattttttttaaaaacgctatattttcatttagaatttttttcttttcag 

25.) rs4902080 

ENSE00000658295 62,211,42362,211,531 (109 bp)  

AACTACAGTTCCTGAGGAAGAACTAAATCCAAAGATACTAGCTTTGCAGAATGCTCAGAGAAAGCGAAAAATGG

AACATGATGGTTCACTTTTTCAAGCAGTAGGAATT 

 

Intron13-14 62,211,53262,212,408 (877 bp)  

gtaagtatgagtagtaggttttgcttttctagctaatgtgctatttc g tgtgtgtgtgtgtgtgtgtgtgtgtgtgtgtgtttccacgtttcttccaaatag

taaagttatattttcagaagttatacattgggtttttttactctgtatgcactggtttttaaaaatacaaatgtttaatacatacattcttggtataaaaat

tccaaacaattccagtgtattttgagttaaaaagtgaagttctccccttactccaccctgaatatcaccaccaatctcattctcttccctttaagttactt

tgccttattaaaagaactgctattggccaggcacagtgcctcacgcctgtaatcccagcactttgggaggccaagatgaggatcacttgaggtcagg

agttcgagaccagcctggccaacttggtgaaaccctgtctctactaaaaatacaaaaattagccaggcgtgttggtgcacaactataatcccagcca

ctctggaggctgaggcaggagaatagcttgaacccgggaggtggaggttgcgatgagctgagatcaggccactgcactccagcctgggtaagaga

gtgagagtccatctcatatttaaaaaagaactgctatgttttggggtaagtcaatggtggtataatacattctgatattttcaaactaaattaactgga

aagtatttatagacagaatggtcataatggatgacaaataacttaagaaagaattcaaaataatttagggtagtatttaagaaactgcctataatgt

tattaaatttacaccaatttcaaggtttttggttgtttaaaaaaaaaattcaacaaactaaacttgaaataactttactgtttatag 

26.) rs10645014 

ENSE0000065829762,212,40962,212,535(127)  

GGAACATTATTACAGCAGCCAGACGATCATGCAGCTACTACATCACTTTCTTGGAAACGTGTAAAAGGATGCAAA  

(Continued) 

(Continued) 
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TCTAGTGAACAGAATGGAATGGAGCAAAAGACAATTATTTTAATACCCTCTG 

Intron14-1562,212,53662,213,651(1,116)  

gttagtttattctttttgaccttgaacatcacaaagacaaaatacatgaaacatttttatttaggagctttaatctaagtgagaatgactttggttcctta

gcaagattaaaaagtaaagttgtggctgggcgcggtgg c tcacacctgtaatcccagcactttgggaggccgaggcagccagatcatctgaggtc

aggagttggagaccagcctggccaccatggtgaaaccccgtctctactaaaaatacaaaaattagctgggcgtggtggcgggcgcctgtaatccca

gctacttgggaggctgaggcatgagaattgcttgaacccggaaggcagaggttgcagtgagccaagatggcaccactgcactccagcctgggcga

caagggtgagactctgcctcaaaaaaaaaaaaaaaaaaaagtacagttgtatttcatgtgatggtcttaatacagagattaacatttcaaggtgga

gcttttcatttttagtaattttctttgatttctctatgtccatgtgctgtcaatattgatagaagctgaaatttgtgaacttttatgacttcttttttttttttttt

tttttttgagacagggtctcgctctgttgcccaggcctggagtgcagtggcatgatcatagctcactgcagtctcaaactcctgtgctcaagctcaagc

aatcatcctacctcagcctcctgagtagctcgcactacagacatgcctcaccacacccggttgctttttgtagagatggggtctcactatgttgcctag

gctggtttcaaactcctggcctcaagtgatcctcctgcctcagcctgtgctaggattacaggcatcagctttgatgcccaccatatttatgcctttttcca

aattgttatttctttgtgcctttattgtatcctgtaaacatttctgacacagcaacagtatcactggattatacttactttttaacatagttgtggttttgcc

aggtaaactaaaaacccttccagaattttgctttattttctatgatacctaacacattgtgggtgtttaataaatattcattgactagatgaatgtatac

ttaggtatctcttttgtttttcag 

 

 

27.) rs4902082 

ENSE0000166079362,213,65262,214,976(1,325)  

ATTTAGCATGTAGACTGCTGGGGCAATCAATGGATGAAAGTGGATTACCACAGCTGACCAGTTATGATTGTGAA

GTTAATGCTCCTATACAAGGCAGCAGAAACCTACTGCAGGGTGAAGAATTACTCAGAGCTTTGGATCAAGTTAA

CTGAGCTTTTTCTTAATTTCATTCCTTTTTTTGGACACTGGTGGCTCA T TACCTAAAGCAGTCTATTTATATTTTCT

ACATCTAATTTTAGAAGCCTGGCTACAATACTGCACAAACTTGGTTAGTTCAATTTTGATCCCCTTTCTACTTAATT

TACATTAATGCTCTTTTTTAGTATGTTCTTTAATGCTGGATCACAGACAGCTCATTTTCTCAGTTTTTTGGTATTTAA

ACCATTGCATTGCAGTAGCATCATTTTAAAAAATGCACCTTTTTATTTATTTATTTTTGGCTAGGGAGTTTATCCCT

TTTTCGAATTATTTTTAAGAAGATGCCAATATAATTTTTGTAAGAAGGCAGTAACCTTTCATCATGATCATAGGCA

GTTGAAAAATTTTTACACCTTTTTTTTCACATTTTACATAAATAATAATGCTTTGCCAGCAGTACGTGGTAGCCACA

ATTGCACAATATATTTTCTTAAAAAATACCAGCAGTTACTCATGGAATATATTCTGCGTTTATAAAACTAGTTTTTA

AGAAGAAATTTTTTTTGGCCTATGAAATTGTTAAACCTGGAACATGACATTGTTAATCATATAATAATGATTCTTA

AATGCTGTATGGTTTATTATTTAAATGGGTAAAGCCATTTACATAATATAGAAAGATATGCATATATCTAGAAGG

TATGTGGCATTTATTTGGATAAAATTCTCAATTCAGAGAAATCATCTGATGTTTCTATAGTCACTTTGCCAGCTCA

AAAGAAAACAATACCCTATGTAGTTGTGGAAGTTTATGCTAATATTGTGTAACTGATATTAAACCTAAATGTTCTG

CCTACCCTGTTGGTATAAAGATATTTTGAGCAGACTGTAAACAAGAAAAAAAAAATCATGCATTCTTAGCAAAAT

TGCCTAGTATGTTAATTTGCTCAAAATACAATGTTTGATTTTATGCACTTTGTCGCTATTAACATCCTTTTTTTCATG

TAGATTTCAATAATTGAGTAATTTTAGAAGCATTATTTTAGGAATATATAGTTGTCACAGTAAATATCTTGTTTTTT

CTATGTACATTGTACAAATTTTTCATTCCTTTTGCTCTTTGTGGTTGGATCTAACACTAACTGTATTGTTTTGTTACA

TCAAATAAACATCTTCTGTGGACCAGG 

 

 

28.) rs2057482 

UCSC>hg19_dnarange=chr14:62219025-622194255'pad=2003'pad=200strand=+repeatMasking=none  

...............atatttatcacaaagggtcatgctttttacaaagtagagaaacactgtgtaaagtcagacaagtagattaggattctgtgaagtaaaa

tctaattttaaagatctttgaaatattaacattaaaaaccctgttttatgtagagatcctttccaaatatgactggataatattatttcctctgaaatgga

tttttaaaaac g gttctacatacaactgctatgacaaaatctttcataggcgtacagaaacaagctggacagaagtcataaactgttgcctgactcc

ctaatctgctggtagaatattaaagcaaaaacctaaagaaagtgagctacaaatacggaaaattagaaaggagccaatacagcctgggaggtact

ttgcatcagcctttgcctct............... 

 

 

30.) rs17099207 

UCSC>hg19_dnarange=chr14:62228913-622291135'pad=2003'pad=200strand=+repeatMasking=none  

...............ccaaagaagggtggatctcagcactctgggtgaaagcaatctcagccagtaaaacatcagaacgctttcacgcacgcgcagtaagc

acacgaccggtggcaagagcccggataaaggcggagctaaaggtgccggataatgcatcacggagcgcgtgtgcgcacgccgtagggggcgggc

cgttcgggcttggtttcctg g gcgaccaccgctggctagtccgttagaggcgtgcgggcttcggaggcgtgcgggcttcgggtgccatggggactcc

tcccggcctgcagaccgactgcgaggcgctgctcagccgcttccaggagacggacagtgtacgcttcgaggacttcacggagctctggagaaacat

gaagttcgggactatcttctggtgggtg.................. 

 

 

30.) rs17099207 
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ANNEX F: 

The list of HIF1A SNPs for which variable associations with phenotype were reported: observed 

association (+), no association (-) or opposing results (underlined) 

 

# SNP 
ID/substitution

 
Genomic 
location  

Association to diseases and phenotypes 

1 rs1957757 [T>C] intron 6  

 (+) NON-CANCEROUS disease:  

 symptom-limited exercise test duration (Sarzynski et al., 2010) 

(-) NON-CANCEROUS disease:  

 systematic sclerosis (Wipff et al., 2009) 
CANCER:  

 prostate cancer risk (Jacobs et al., 2008) 

2 rs10873142 [C>T] intron 8  

 (+) NON-CANCEROUS diseases: 

 coronary artery disease with stable exertional angina (Hlatky et 
al., 2007) 

 idiopathic osteonecrosis of the femoral head in men (Hong et 
al., 2007) 

(-) NON-CANCEROUS diseases:  

 acute myocardial infarction (Zheng et al., 2009) 

 frequent intradialytic hypotension (Zheng et al., 2009) 
CANCER: 

 lung cancer (Konac et al., 2009) 

3 rs41508050 [C>T] 
p.Thr418Ile 

exon 10   

 (+) NON-CANCEROUS diseases:  

 coronary artery disease with stable exertional angina (Hlatky et 
al., 2007) 

(-) CANCER:  
lung cancer (Konac et al., 2009) 

4 rs11549465 [C>T] 
p.Pro582Ser 

exon 12   

 (+) CANCERS: 

 glioma (Xu et al., 2011)  

 oral cancer risk (together with rs11549467) (Chen et al., 2009) 

 esophageal squamous cell carcinoma (↑size and ↑lymph node 
metastasis (Ling et al., 2005))  

 head and neck squamous cell carcinoma (Tanimoto et al., 2003) 

 renal cell carcinoma (Ollerenshaw et al., 2004) 

 lung cancer (NSCLC) (Koukourakis et al., 2006) 

 breast cancer risk (poor prognosis) (Kim et al., 2008; Lee et al., 
2008; Naidu et al., 2009) 

 CRC risk and metastasis (Kang et al., 2011; Kuwai et al., 2004), 
ulcerative CRC (Fransen et al., 2006) 

 prostate cancer risk/susceptibility (Foley et al., 2009; Jacobs et 
al., 2008; Orr-Urtreger et al., 2007); androgen-independent 
prostate cancer (increased transcription activity) (Chau et al., 
2005) (Fu et al., 2005) 

 pancreatic cancer (Ruiz-Tovar et al., 2012) 

 cervical and endometrial cancers (Konac et al., 2007) 

 increased female specific cancer risk (meta-analysis) (Zhao et 
al., 2009) 

NON-CANCEROUS diseases: 

 T2DM (T allele with protective effect / decreased T2DM risk) 
(Nagy et al., 2009; Yamada et al., 2005) 
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# SNP 
ID/substitution

 
Genomic 
location  

Association to diseases and phenotypes 

 T1DM (Nagy et al., 2009)  

 diabetic nephropathy (Gu et al., 2012) 

 CAD with stable exertional angina (Hlatky, Quertermous et al. 
2007)  

 ischemic heart disease (collaterals formation) (Resar et al., 
2005); 

 chronic obstructive pulmonary disease susceptibility (with 
rs11549467) (Putra et al., 2011a)  

 risk of cellulite (Emanuele et al., 2010) 

 acute kidney injury (Kolyada et al., 2009) 

 idiopathic osteonecrosis of the femoral head in men (Hong et 
al., 2007) 

PERFORMANCE: 

 endurance status (Doring et al., 2010; McPhee et al., 2011) 

 maximal oxygen consumption (Prior et al., 2003)  

 power-oriented athletes and muscle activity (Ahmetov et al., 
2008; Cieszczyk et al., 2011; Gabbasov et al., 2012) 

(-) CANCERS: 

 CRC risk, progression and metastasis (Knechtel et al., 2010; 
Szkandera et al., 2010) 

 gastric cancer (Li et al., 2009) 

 breast cancer risk (Vleugel et al., 2005; Zagouri et al., 2012); 
sporadic breast cancer (Apaydin et al., 2008) 

 ovarian cancer (Konac et al., 2007) 

 prostate cancer (Li et al., 2007; Li et al., 2012) 

 bladder cancer occurrence (stat. sig. prognosis affect after 
radical cystectomy of invasive cancers) (Nadaoka et al., 2008) 

 oral squamous cell carcinoma (Munoz-Guerra et al., 2009; Shieh 
et al., 2010) 

 lung cancer (Konac et al., 2009; Kuo et al., 2012) (associated 
with lung cancer with TP53 LOH) (Putra et al., 2011b), (NSCLC) 
(Kim et al., 2010) 

 renal cell carcinoma (Morris et al., 2009) (Qin et al., 2011)  

 hepatocellular carcinoma risk (Hsiao et al., 2010) 

 endometrial cancer risk (potential association with 
tumorigenesis and increased tumor vasculature) (Horree et al., 
2008)  

NON-CANCEROUS diseases: 

 systematic sclerosis (Wipff et al., 2009) 

 acute myocardial infarction and frequent intradialytic 
hypotension (Zheng et al., 2009) 

 pre-eclampsia (Heino et al., 2008; Nava-Salazar et al., 2011) 

 erythrocytosis (Percy et al., 2003) 

 giant cell arteritis (Torres et al., 2010) 

 peripheral artery disease (Bahadori et al., 2010)  

 ischemic heart disease (coronary artery collaterals) (Alidoosti et 
al., 2011) 

PERFORMANCE: 

 power-oriented athletes (pos. association in interaction with 
ACTN3 R577X polymorphism) (Eynon et al., 2010)  

 response to acute hypoxia (Hennis et al., 2010) 

 acute mountain sickness (Droma et al., 2008) 

(Continued) 
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# SNP 
ID/substitution

 
Genomic 
location  

Association to diseases and phenotypes 

5 rs11549467 [G>A] 
p.Ala588Thr 

exon 12  

 (+) CANCERS: 

 oral squamous cell carcinoma (marker of disfavorable prognosis 
at early stages) (Chen et al., 2009; Munoz-Guerra et al., 2009) 

 head and neck squamous cell carcinoma (Tanimoto et al., 2003) 

 decreased breast cancer risk (Zhao et al., 2009) 

 gastric cancer (Li et al., 2009) 

 ulcerative CRC (together with rs11549467) (Fransen et al., 2006) 

 hepatocellular carcinoma risk (Hsiao et al., 2010) 

 renal cell carcinoma (Ollerenshaw et al., 2004) 

 pancreatic cancer (Ruiz-Tovar et al., 2012) 

 prostate cancer (Li et al., 2012)  

NON-CANCEROUS disease: 

 chronic obstructive pulmonary disease susceptibility (with 
rs11549465) (Putra et al., 2011a) 

(-) CANCERS: 

 oral squamous cell carcinoma (Shieh et al., 2010) 

 breast cancer risk (Apaydin et al., 2008; Kim et al., 2008; Naidu 
et al., 2009) 

 lung cancer (Konac et al., 2009), (associated with 
adenocarcinoma with 1p34 LOH) (Putra et al., 2011b)) and lung 
carcinoma (NSCLC) (Kim et al., 2010; Koukourakis et al., 2006; 
Kuo et al., 2012) 

 CRC risk, progression and metastasis (association with tumor 
location and size (Knechtel et al., 2010)) (Szkandera et al., 2010) 

 prostate cancer (Li et al., 2007) (Orr-Urtreger et al., 2007) (Chau 
et al., 2005) 

 ovarian, cervical and endometrial cancers (Konac et al., 2007) 

 renal cell carcinoma (Qin et al., 2011) (Morris et al., 2009)  

 bladder cancer (stat. sig. prognosis affect after radical 
cystectomy of invasive cancers) (Nadaoka et al., 2008)  

NON-CANCEROUS diseases: 

 T2DM (Yamada et al., 2005) 

 pre-eclampsia (Heino et al., 2008; Nava-Salazar et al., 2011) 

 peripheral artery disease (Bahadori et al., 2010) 

 giant cell arteritis (Torres et al., 2010)  

 coronary artery disease with stable exertional angina (Hlatky et 
al., 2007) 

PERFORMANCE: 

 endurance status (Doring et al., 2010)  

6 rs199775054 [G>C] 

p.Ala593Pro 

exon 12   

 (+) CANCER:  

 hepatocellular carcinomas (Park et al., 2009) 

(-) CANCERS:  

 colon, gastric, breast, lung, and acute leukemia (Park et al., 
2009) 

7 rs10645014 [insGT] intron 13  

 (+) CANCER: 

 lung carcinoma (NSCLC) (Koukourakis et al., 2006) 

possible (+) PERFORMANCE:  

 adaptation to living at high altitude (Suzuki et al., 2003) 

(-) CANCER: 

 lung cancer (Konac et al., 2009) 

(Continued) 
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# SNP 
ID/substitution

 
Genomic 
location  

Association to diseases and phenotypes 

8 rs2057482 [T>C] 3’-UTR   

 (+) NON-CANCEROUS disease:  

 idiopathic osteonecrosis of the femoral head in men (Hong et 
al., 2007)  

(-) CANCERS: 

 breast cancer risk (Lee et al., 2008) 

 rectal cancer risk (Frank et al., 2010)  

 renal cell carcinoma (Qin et al., 2011) 

 prostate cancer (Li et al., 2012) 
NON-CANCEROUS diseases:  

 acute myocardial infarction (Zheng et al., 2009) 

 frequent intradialytic hypotension (Zheng et al., 2009) 

 coronary artery disease with stable exertional angina (Hlatky et 
al., 2007) 
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ANNEX G: 

HIF1A SNPs with observed phenotype associations and no association with investigated phenotypes 

 

# 
SNP  

ID/substitution 
Genomic location Association to diseases and phenotypes 

 ASSOCIATION 

1 rs2783778 [C>T] 5’-flanking  acute myocardial infarction and frequent intradialytic 

hypotension (Hemodialysis patients) (Zheng et al., 

2009) 

2 rs7148720 [T>C] 5’-flanking  acute myocardial infarction and frequent intradialytic 

hypotension (Hemodialysis patients) (Zheng et al., 

2009) 

3 rs1535679 [A>C] 5’-flanking  idiopathic osteonecrosis of the femoral head in men 

(Hong et al., 2007) 

4 rs28708675 [A>T] 5’-flanking  maximal oxygen consumption (Prior et al., 2003) 

5 c.347T>A 

p.Val116Glu 

exon 3  renal cell carcinoma (influence on transcriptional 

activity of HIF1A) (Morris et al., 2009) 

6 rs12434438 [G>A] intron 6  systemic sclerosis (Wipff et al., 2009) 

 T2DM (together with rs1319462) (Yamada et al., 

2005) 

7 rs1319462 [G>A] 3’-flanking  T2DM (together with rs12434438) (Yamada et al., 

2005) 

 NO ASSOCIATION 

1 rs41362550 [T>C] 5’-flanking  CAD with stable exertional angina (Hlatky et al., 

2007) 

2 rs7143164 [G>C] intron 1  acute myocardial infarction and frequent intradialytic 

hypotension (Hemodialysis patients) (Zheng et al., 

2009) 

 prostate cancer (Jacobs et al., 2008) 

3 rs1951795 [A>C] intron 1  elite endurance status (elite endurance athletes 

(EEA)) (Doring et al., 2010) 

4 rs12435848 [A>G] intron 1  prostate cancer risk (Jacobs et al., 2008) 

5 c.111C>A 

p.Ser28Tyr 

exon 2  T2DM (Yamada et al., 2005)  

 ovarian, cervical and endometrial cancers (Konac et 

al., 2007) 

 sporadic breast cancer (Apaydin et al., 2008)  

 breast cancer (Naidu et al., 2009) 

6 rs4899056 [T>C] intron 4  prostate cancer (Jacobs et al., 2008) 

7 rs11158358 [G>C] intron 6  prostate cancer risk (Jacobs et al., 2008)  

 elite endurance status (elite endurance athletes 

(EEA)) (Doring et al., 2010) 

8 rs2301111 [G>C] intron 7  prostate cancer risk (Jacobs et al., 2008) 

9 rs2301113 [C>A] intron 10  acute myocardial infarction and frequent intradialytic 

hypotension (Hemodialysis patients) (Zheng et al., 

2009)  

 prostate cancer risk (Jacobs et al., 2008) 

 elite endurance status (elite endurance athletes 

(EEA)) (Doring et al., 2010) 

10 rs41492849 [C>T] 

p.Pro564= 

exon 12  OSCC (Shieh et al., 2010)  

 lung cancer (Konac et al., 2009) 
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# 
SNP  

ID/substitution 
Genomic location Association to diseases and phenotypes 

11 rs34005929 [G>A] 

p.Leu580= 

exon 12 

 

 pre-eclampsia (Heino et al., 2008)  

 OSCC (Shieh et al., 2010)  

 lung cancer (Konac et al., 2009)  

12 rs61755645 [A>T] 

p.Thr600= 

exon 12 

 

 pre-eclampsia (Heino et al., 2008)  

 OSCC (Shieh et al., 2010) 

13 rs4902080 [T>C] intron 12  CAD with stable exertional angina (Hlatky et al., 

2007) 

14 rs4902082 [C>T] intron 14  maximal oxygen consumption (Prior et al., 2003) 

15 rs17099207 [G>A] 3’-flanking HIF1A and  

5’-UTR SNAPC1  

 elite endurance status (elite endurance athletes 

(EEA)) (Doring et al., 2010) 

 

OSCC, oral squamous cell carcinoma; CAD, coronary artery disease; RCC, renal cell carcinoma; CRC, 

colorectal cancer; T2DM, diabetes mellitus (type 2); T1DM, diabetes mellitus (type 1); NSCLC, non-

small-cell lung cancer;  
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ANNEX H: 

Validated TFBS within promoter region of HIF1A 

 

# TFBS HGNC name Location SNP overlap 

1 SMARCC1 SWI/SNF related, matrix associated, actin dependent 

regulator of chromatin, subfamily c, member 1 

3p21.31 rs41362550 

2 CTCF CCCTC-binding factor (zinc finger protein) 16q21-q22.3 rs41362550 

3 POLR2A polymerase (RNA) II (DNA directed) polypeptide A, 

220kDa 

17p13.1 rs41362550 

4 POLR2A polymerase (RNA) II (DNA directed) polypeptide A, 

220kDa 

17p13.1 rs41362550 

5 SMARCB1 SWI/SNF related, matrix associated, actin dependent 

regulator of chromatin, subfamily b, member 1 

22q11.23 rs41362550 

6 TBP TATA box binding protein 6q27 rs41362550 

7 STAT3 signal transducer and activator of transcription 3 

(acute-phase response factor) 

17q21 / 

8 SMC3 structural maintenance of chromosomes 3 10q25 / 

9 REST RE1-silencing transcription factor 4q12 / 

10 RAD21 RAD21 homolog (S. pombe) 8q24.11 rs41362550 

11 GATA3 GATA binding protein 3 10p15 rs41362550 

12 CTCF CCCTC-binding factor (zinc finger protein) 16q21-q22.3 / 

13 E2F1 E2F transcription factor 1 20q11 rs41362550 

14 CTCF CCCTC-binding factor (zinc finger protein) 16q21-q22.3 rs41362550 

15 HEY1 hairy/enhancer-of-split related with YRPW motif 1 8q21 rs41362550 

16 NFKB1/RELA  nuclear factor of kappa light polypeptide gene 

enhancer in B-cells 1 / v-rel reticuloendotheliosis viral 

oncogene homolog A (avian) 

4q24 / 11q13 rs41362550 

17 TAF1 TAF1 RNA polymerase II, TATA box binding protein 

(TBP)-associated factor, 250kDa 

Xq13.1 rs41362550 

18 TCF7L2 transcription factor 7-like 2 (T-cell specific, HMG-box) 10q25.3 rs41362550 

19 ATF3 activating transcription factor 3 1q32.3 rs41362550 

20 ETS1 v-ets erythroblastosis virus E26 oncogene homolog 1 

(avian) 

11q23.3 rs41362550 

21 HDAC2 histone deacetylase 2 6q21 rs41362550 

22 PAX5 paired box 5 9p13.2 rs41362550 

23 USF1 upstream transcription factor 1 1q22-q23 rs41362550 

24 USF1 upstream transcription factor 1 1q22-q23 rs41362550 

25 NFYA nuclear transcription factor Y, alpha 6p21.3 rs41362550 

26 MAX MYC associated factor X 14q23 rs41362550 

27 MYC v-myc myelocytomatosis viral oncogene homolog 

(avian) 

8q24 rs41362550 

(Continued) 



 

 

 

  

28 USF2 upstream transcription factor 2, c-fos interacting 19q13 rs41362550 

29 ZEB1 zinc finger E-box binding homeobox 1 10p11.22 rs41362550 

30 MXI1 MAX interactor 1, dimerization protein 10q24-q25 rs41362550 

31 E2F6 E2F transcription factor 6 2p25.1 rs41362550 

32 SIN3A SIN3 transcription regulator homolog A (yeast) 15q22.33 rs41362550 

33 SP1 Sp1 transcription factor 12q13.1 rs41362550 

34 IRF1 interferon regulatory factor 1 5q23-q31 rs41362550 

35 SREBF1 sterol regulatory element binding transcription factor 

1 

17p11.2 rs41362550 

36 HMGN3 high mobility group nucleosomal binding domain 3 6q14.3 rs41362550 

37 CCNT2 cyclin T2 2q21.3 rs41362550 

38 FOS FBJ murine osteosarcoma viral oncogene homolog 14q24.3 rs41362550 

39 BHLHE40 basic helix-loop-helix family, member e40 3p26 rs41362550 

40 E2F6 E2F transcription factor 6 2p25.1 rs41362550 

41 ELF1 E74-like factor 1 (ets domain transcription factor) 13q13 rs41362550 

42 NFYB nuclear transcription factor Y, beta 12q22-q23 rs41362550 

43 PBX3 pre-B-cell leukemia homeobox 3 9q33.3 rs41362550 

44 TCF12 transcription factor 12 15q21 rs41362550 

45 EGR1 early growth response 1 5q23-q31 rs41362550 

46 FOSL2 FOS-like antigen 2 2p23.3 rs41362550 

47 E2F1 E2F transcription factor 1 20q11 / 

48 TBP TATA box binding protein 6q27 / 

49 POLR2A polymerase (RNA) II (DNA directed) polypeptide A, 

220kDa 

17p13.1 / 

50 GTF2F1 general transcription factor IIF, polypeptide 1, 74kDa 19p13.3 / 

51 TAF1 TAF1 RNA polymerase II, TATA box binding protein 

(TBP)-associated factor, 250kDa 

Xq13.1 / 

52 GTF2B general transcription factor IIB 1p22-p21 / 

53 POLR2A polymerase (RNA) II (DNA directed) polypeptide A, 

220kDa 

17p13.1 / 

54 POLR2A polymerase (RNA) II (DNA directed) polypeptide A, 

220kDa 

17p13.1 / 

55 REST RE1-silencing transcription factor 4q12 / 

56 POU2F2 POU class 2 homeobox 2 19q13.2 / 

57 POU2F2 POU class 2 homeobox 2 19q13.2 / 

58 HEY1 hairy/enhancer-of-split related with YRPW motif 1 8q21 / 

59 TCF12 transcription factor 12 15q21 / 

60 MYC v-myc myelocytomatosis viral oncogene homolog 

(avian) 

8q24 / 

61 TAF7 TAF7 RNA polymerase II, TATA box binding protein 

(TBP)-associated factor, 55kDa 

5q31 / 

62 POLR2A polymerase (RNA) II (DNA directed) polypeptide A, 

220kDa 

17p13.1 / 
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ANNEX I: 

Predicted TFBS overlapping with sequences centered to HIF1A SNP (50 bp) 

 

# of 
TFBS
/SNP 

TF name (HGNC) SNP (allele 1) TFBS name (TRANSFAC) SNP (allele 2) 

1 CUX1 

rs1535679_C 

V$CDP_02 

rs1535679_A 

2 CUX1 V$CDPCR3HD_01 

3 CUX1 V$CLOX_01 

4 FOXA2 V$HNF3B_01 

5 GATA3 V$GATA3_03 

6 POU2F1 V$OCT1_02 

7 POU2F1 V$OCT1_04 

8 POU3F2 V$BRN2_01 

9 HSF1 V$HSF1_01 

10 HSF2 V$HSF2_01 

11 EP300/FOXC1/FOXD1/FOXD3/FOXF1/FOXF2/
FOXH1/FOXI1/FOXJ1/FOXJ2/FOXL1/FOXO1/F
OXO3/FOXO4/MEIS2/RRN3/SMAD2/TGIF1 

V$XFD1_01 

12 EP300/FOXC1/FOXD1/FOXD3/FOXF1/FOXF2/
FOXH1/FOXI1/FOXJ1/FOXJ2/FOXL1/FOXO1/F
OXO3/FOXO4/MEIS2/RRN3/SMAD2/TGIF1 

V$XFD3_01 

13 FOXC1 V$FREAC3_01 

14 PAX4 V$PAX4_04 

15 MEF2A/MEF2D V$AMEF2_Q6 

16 ALX1 V$CART1_01 

17 PDX1 V$IPF1_Q4 

18 NKX6-2 V$NKX62_Q2 

19 PDX1 V$IPF1_Q6 

20 DBP V$DBP_Q6 

21 FOXA1 V$HNF3ALPHA_Q6 

22 POU1F1 V$POU1F1_Q6 

23 FOXA1/FOXA2/FOXA3 V$HNF3_Q6 

24 PLXNA2 V$OCT_Q6 

25 PDX1 V$IPF1_Q4_01 

26 / V$CMAF_01 

27 PDX1 V$IPF1_01 

28 PDX1 V$IPF1_02 

1 MYCN 

rs41362550_T 

V$NMYC_01 

rs41362550_C 

2 FOXO1 V$FOXO1_01 

3 SOX10/11/12/15/18/2/4/5/6/9/SRY V$SOX_Q6 

4 TAL1/TCF3/TCF4 V$TAL1BETAE47_01 

5 TAL1/TCF3/TCF4 V$TAL1ALPHAE47_01 

6 TAL1/TCF3/TCF4 V$TAL1BETAITF2_01 

7 TFCP2 V$CP2_01 
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# of 
TFBS
/SNP 

TF name (HGNC) SNP (allele 1) TFBS name (TRANSFAC) SNP (allele 2) 

8 TFCP2 V$CP2_01 

9 MAX/MYC/MYCN V$MYCMAX_01 

10 MAX V$MAX_01 

11 USF1/USF2 V$USF_01 

12 USF1/USF2 V$USF_02 

13 MAX/MYC/MYCN V$MYCMAX_02 

14 USF1/USF2 V$USF_C 

15 REPIN1 V$AP4_Q5 

16 USF2 V$USF2_Q6 

17 REPIN1 V$AP4_Q6 

18 USF1/USF2 V$USF_Q6 

19 ARNT V$ARNT_01 

20 HIF1A V$HIF1_Q5 

21 TCF12 V$HTF_01 

22 ARNT V$ARNT_02 

23 MAX/MYC/MYCN V$MYCMAX_03 

24 HNF4A V$HNF4ALPHA_Q6 

25 SP3 V$SP3_Q3 

26 USF2 V$USF2_Q6 

27 TAL1 V$TAL1_Q6 

28 USF1/USF2 V$USF_Q6_01 

29 HIF1A V$HIF1_Q3 

30 MYC V$MYC_Q2 

31 BHLHE40/BHLHE41 V$DEC_Q1 

32 MYC V$CMYC_01 

33 MYC V$CMYC_02 

34 EPAS1 V$HIF2A_01 

1 MEF2A/MEF2C/MEF2D 

rs28708675_T 

V$MEF2_02 

rs28708675_A 

2 ATF1/ATF2/ATF3/ATF4/ATF6/ATF7/CREB1/CR
EM/JUN 

V$CREBP1_01 

3 MEF2A/MEF2C/MEF2D V$MEF2_03 

4 ATF1/ATF2/ATF3/ATF4/ATF6/ATF7/CREB1/CR
EM/JUN 

V$CREBP1_01 

5 / V$AP3_Q6 

6 CDX1/CDX2 V$CDXA_01 

7 CDX1/CDX2 V$CDXA_02 

8 HNF4A V$HNF4ALPHA_Q6 

9 PLXNA2 V$OCT_C 

10 MEF2A/MEF2C/MEF2D V$MEF2_04 

11 POU2F1 V$OCT1_07 

12 TBP V$TATA_01 
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# of 
TFBS
/SNP 

TF name (HGNC) SNP (allele 1) TFBS name (TRANSFAC) SNP (allele 2) 

13 EP300/FOXC1/FOXD1/FOXD3/FOXF1/FOXF2/
FOXH1/FOXI1/FOXJ1/FOXJ2/FOXL1/FOXO1/F
OXO3/FOXO4/MEIS2/RRN3/SMAD2/TGIF1 

V$XFD2_01 

14 EP300/FOXC1/FOXD1/FOXD3/FOXF1/FOXF2/
FOXH1/FOXI1/FOXJ1/FOXJ2/FOXL1/FOXO1/F
OXO3/FOXO4/MEIS2/RRN3/SMAD2/TGIF1 

V$XFD3_01 

15 FOXC1/FOXD1/FOXD3/FOXF1/FOXF2/FOXH1/
FOXI1/FOXJ1/FOXJ2/FOXL1/FOXO1/FOXO3/F
OXO4 

V$HFH3_01 

16 FOXC1 V$FREAC3_01 

17 ZNF333 V$ZNF333_01 

18 / V$MTATA_B 

19 POU3F2 V$POU3F2_02 

20 TEF V$TEF_Q6 

21 FOXA1 V$HNF3ALPHA_Q6 

22 FOXA1/FOXA2/FOXA3 V$HNF3_Q6 

23 PLXNA2 V$OCT_Q6 

24 TBP V$TBP_Q6 

1 POU2F1 

rs7148720_T 

V$OCT1_06 

rs7148720_C 

2 EP300/FOXC1/FOXD1/FOXD3/FOXF1/FOXF2/
FOXH1/FOXI1/FOXJ1/FOXJ2/FOXL1/FOXO1/F
OXO3/FOXO4/MEIS2/RRN3/SMAD2/TGIF1 

V$XFD1_01 

3 MITF/TFE3/TFEB/TFEC V$TFE_Q6 

4 EP300/FOXC1/FOXD1/FOXD3/FOXF1/FOXF2/
FOXH1/FOXI1/FOXJ1/FOXJ2/FOXL1/FOXO1/F
OXO3/FOXO4/MEIS2/RRN3/SMAD2/TGIF1 

V$XFD2_01 

5 FOXC1/FOXD1/FOXD3/FOXF1/FOXF2/FOXH1/
FOXI1/FOXJ1/FOXJ2/FOXL1/FOXO1/FOXO3/F
OXO4 

V$HFH3_01 

6 FOXC1 V$FREAC3_01 

7 / V$MTATA_B 

8 FOXO3 V$FOXO3_01 

9 CEBPG V$CEBPGAMMA_Q6 

10 CDX2 V$CDX2_Q5 

11 FOXA1/FOXA2/FOXA3 V$HNF3_Q6 

12 FOXC1/FOXD1/FOXD3/FOXF1/FOXF2/FOXH1/
FOXI1/FOXJ1/FOXJ2/FOXL1/FOXO1/FOXO3/F
OXO4 

V$FOX_Q2 

13 HMGA1 V$HMGIY_Q3 

14 ZBTB16 V$PLZF_02 

15 FOXO3 V$FOXO3A_Q1 

16 PDX1 V$IPF1_01 

1 TCF3 

rs2783778_A 

V$E47_01 

rs2783778_G 
2 MYB V$CMYB_01 

3 TAL1/TCF3/TCF4 V$TAL1BETAE47_01 

4 TAL1/TCF3/TCF4 V$TAL1ALPHAE47_01 

(Continued) 

(Continued) 



 

 

# of 
TFBS
/SNP 

TF name (HGNC) SNP (allele 1) TFBS name (TRANSFAC) SNP (allele 2) 

5 TAL1/TCF3/TCF4 V$TAL1BETAITF2_01 

6 MYB V$MYB_Q6 

7 MYOD1 V$MYOD_Q6 

8 NR3C1 V$GR_Q6 

9 MYB V$MYB_Q3 

10 TCF3 V$E2A_Q2 

11 MYB V$MYB_Q5_01 

12 TAL1 V$TAL1_Q6 

13 AIRE V$AIRE_01 

 
* TFBS recognized when allele 1, but lost when allele 2 is present. Grey shaded rows present lost TFBS 
due to SNP. 
/ - presents mammalian TFs, not found in the HGNC database. 
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ANNEX J: 

The list of cancer deregulated miRNAs confirmed in at least five research studies (Ferdin et al., 2010) 

 

MicroRNA name Genome location Exp 

(↑/↓) 

Cancer association Clinical 

correlations 

References 

hsa-let-7b 22q13.31 ↓ leukemia (ALL, CLL), 

ovary, prostate, liver, 

brain ca 

poor 

prognosis 

[88], [93], 

[95], [97], 

[102], [110], 

[116] ↑ leukemia (ALL) 

hsa-let-7c 21q21.1 ↓ prostate, ovary, liver ca poor 

prognosis 

[88], [97], 

[102], [106], 

[107] 

hsa-let-7d 9q22.32 ↓ ovary, prostate, breast, 

colon, liver, brain ca 

(↓) bad 

prognosis 

[71], [86], 

[95], [97], 

[102], [107] ↑ pancreas ca 

hsa-let-7e 19q13.33 ↓ liver, brain ca  [72], [87], 

[95], [97], 

[99], [120] 

↑ leukemia (AML), 

retinoblastoma, colon 

ca 

hsa-let-7i 12q14.1 ↓ breast, brain ca (↓) bad 

prognosis  

[71], [85-87], 

[95] ↑ head and neck, 

pancreas, breast, 

prostate, lung ca 

hsa-miR-9 15q26.1 

(hsa-miR-9-3) 

↓ lung, ovary, brain ca  [73], [87], 

[94-95], [107] ↑ liver ca 

hsa-miR-15b 3q26.1 ↓ leukemia (AML), 

thyroid ca 

 [70], [86], 

[88], [99], 

[103], [109] ↑ leukemia (CLL), 

pancreas, ovary, 

colorectal ca 

hsa-miR-16 13q14.3 

(hsa-miR-16-1) 

3q26.1 

(hsa-miR-16-2) 

↓ leukemia (CLL), 

prostate ca  

 good 

prognosis 

(mutation in 

familiar CLL) 

[28], [86], 

[88], [93], 

[100], [103], 

[117] 

↑ ovary, prostate, lung, 

pancreas ca 

hsa-miR-17-5p 13q31.3 ↑ prostate, tongue, lung, 

bladder, ovary, breast, 

colon, pancreas, brain 

ca 

 [75], [88], 

[90], [95], 

[104] 

hsa-miR-19a 13q31.3 ↑ leukemia (CLL, ALL), B-

cell lymphomas, 

colorectal, lung, 

gastric, brain ca 

 [70], [76-77], 

[95], [110] 

(Continued) 



 

 

MicroRNA name Genome location Exp 

(↑/↓) 

Cancer association Clinical 

correlations 

References 

hsa-miR-20a 13q31.3 ↓ leukemia (CLL), breast, 

colon ca 

 [42], [70], 

[75], [77], 

[87-88], [95], 

[101] 

↑ colon, pancreas, ovary, 

prostate, lung, gastric, 

brain ca 

hsa-miR-21 17q23.1 ↓ breast, brain ca poor 

survival, 

lymph node 

metastasis, 

poor 

prognosis 

[27], [42], 

[70-96] ↑ leukemia (CLL), liver, 

breast, colon, lung, 

pancreas, prostate, 

stomach, colorectal, 

brain, ovary, tongue, 

thyroid, uterine, head 

and neck ca 

hsa-miR-23a 19p13.12 ↓ leukemia (CLL), brain, 

prostate ca 

 [70], [72], 

[83], [102], 

[104] ↑ brain, breast, ovary, 

prostate, lung, bladder, 

pancreas ca 

hsa-miR-23b 9q22.32 ↓ brain, prostate ca  [72], [84], 

[101-102], 

[104] 

↑ brain, ovary, colon, 

pancreas, bladder, 

uterine ca 

hsa-miR-24-1 9q22.32 ↓ leukemia (CLL), brain 

ca 

cancer 

hystotype 

[70], [72], 

[75], [86], 

[96] ↑ leukemia (CLL), colon, 

pancreas, stomach, 

thyroid, brain ca 

hsa-miR-24-2 19p13.12 ↓ leukemia (CLL), brain 

ca 

 [70], [72], 

[75], [86], 

[94], [96]  ↑ brain, colon, pancreas, 

stomach, lung, thyroid 

ca 

hsa-miR-25 7q22.1 ↓ leukemia (CLL), colon 

ca 

 [70], [73], 

[75], [87], 

[89], [95], 

[110], [113] 

↑ leukemia (CLL, ALL), 

prostate, stomach, 

pancreas, liver, 

colorectal, brain ca 

hsa-miR-26a 3p22.2 

(hsa-miR-026a-1) 

12q14.1 

(hsa-miR-026a-2) 

↓ leukemia (AML), 

thyroid, prostate, brain 

ca 

 [72], [95], 

[99], [102], 

[111] 

↑ brain ca 

(Continued) 

(Continued) 



 

 

MicroRNA name Genome location Exp 

(↑/↓) 

Cancer association Clinical 

correlations 

References 

hsa-miR-26b 2q35 ↓ brain, tongue ca (↑) good 

survival, 

cancer 

hystotype 

[72], [74], 

[83], [90], 

[95], [104], 

[110] 

↑ leukemia (CLL, ALL), 

brain, liver, colon, 

pancreas, bladder ca 

hsa-miR-29b 7q32.3 

(hsa-miR-029b-1) 

1q32.2 

(hsa-miR-029b-2) 

↓ leukemia (CLL, ALL), 

brain ca 

 [79], [87], 

[95-96], 

[108], [110] ↑ leukemia (CLL), breast, 

bladder, thyroid ca 

hsa-miR-29c 1q32.2 ↓ ovary, brain ca (↑) good 

survival 

[70], [79], 

[85], [88], 

[95-96], 

[107], [110] 

↑ leukemia (CLL, ALL), 

breast, pancreas, 

thyroid, liver, head and 

neck ca 

hsa-miR-30d 8q24.22 ↓ thyroid, brain ca  [72], [83], 

[87-88], [99], 

[111] 

↑ leukemia (AML), 

serous, pancreas, brain 

ca 

hsa-miR-31 9p21.3 ↓ prostate, gastric, 

breast, brain ca 

(↑) good 

survival  

[74], [76-79], 

[90], [95], 

[100] ↑ colorectal, tongue, 

liver ca 

hsa-miR-92 13q31.3 

(hsa-miR-092a-1) 

Xq26.2 

(hsa-miR-092a-2) 

1q22 

(hsa-miR-092b) 

↓ leukemia (CLL), ovary, 

prostate ca 

 [80], [88], 

[102], [110], 

[113] ↑ leukemia (CLL, ALL), 

colorectal, ovary ca 

hsa-miR-96 7q32.2 ↑ leukemia (CLL, ALL), 

liver, prostate, 

colorectal ca,  

 [70], [73], 

[76], [91], 

[100], [110] 

hsa-miR-99a 21q21.1 ↓ leukemia (CLL), tongue, 

prostate, breast, ovary 

ca  

 [74], [87-88], 

[90], [93], 

[102], [107], 

[110] ↑ leukemia (ALL), liver ca 

hsa-miR-100 11q24.1 ↓ leukemia (CLL), ovary, 

prostate, tongue ca 

(↑) good 

survival 

[74], [86], 

[88], [90], 

[93], [101], 

[107], [110] 

↑ leukemia (ALL), liver, 

ovary, stomach, 

pancreas ca 

hsa-miR-103 20p13 

(hsa-miR-103-2) 

5q35.1 

(hsa-miR-103-2) 

↓ leukemia (AML), 

prostate, brain ca 

 [72], [83], 

[88], [95], 

[99], [102] ↑ pancreas, ovary, brain 

ca 

(Continued) 

(Continued) 



 

 

MicroRNA name Genome location Exp 

(↑/↓) 

Cancer association Clinical 

correlations 

References 

hsa-miR-106a Xq26.2 ↓ colon ca (↓) bad 

prognosis  

[42], [75], 

[77], [87-88], 

[94-95], [110] 

↑ leukemia (CLL, ALL), 

colon, gastric, lung, 

ovary, pancreas, 

prostate, brain ca 

hsa-miR-106b 7q22.1 ↑ prostate, gastric, colon, 

ovary, brain ca 

 [77], [87-88], 

[95], [121] 

hsa-miR-107 10q23.31 ↓ leukemia (CLL), tongue, 

liver, brain ca 

 [70], [72], 

[75], [83], 

[86], [88], 

[90], [91], 

[95]  

↑ colon, pancreas, 

stomach, ovary, brain, 

breast ca 

hsa-miR-10b 2q31.1 ↓ breast, ovary ca (↓) 

metastatic 

potential 

(↑) cancer 

progression  

[70-71], [75], 

[87], [89], 

[91], [118] 

↑ leukemia (CLL), brain, 

breast, bladder, liver ca 

hsa-miR-125a 19q13.33 ↓ breast, ovary, prostate, 

liver, lung, brain ca 

 [71], [75], 

[93-95], 

[102], [103], 

[108], [112] 

↑ thyroid ca 

hsa-miR-125b 11q24.1 

(hsa-miR-125b-1) 

↓ leukemia (CLL), 

prostate, breast, 

thyroid, ovary, tongue, 

brain ca 

cancer 

progression  

[71], [86-88], 

[90], [95], 

[100], [102], 

[106], [110], 

[111] ↑ leukemia (ALL), 

pancreas, colon, liver 

ca 

(↑) good 

survival 

hsa-miR-125b-1 11q24.1 ↓ breast, ovary, prostate, 

tongue, liver, brain ca 

 [71-72], [86], 

[89], [103], 

[107] ↑ pancreas, thyroid, 

stomach, brain ca 

hsa-miR-126 9q34.3 ↓ leukemia (CLL), breast, 

ovary, liver, lung ca 

(↓) poor 

metastasis-

free survival 

[87-88], [94], 

[105], [107], 

[110], [119] ↑ leukemia (ALL), 

bladder ca 

hsa-miR-128a 2q21.3 

(hsa-miR-128-1) 

↓ breast, prostate, colon, 

pituitary, brain ca 

brain 

enriched 

[72], [89-90], 

[95], [116] 

↑ leukemia (ALL), tongue 

ca 

(Continued) 

(Continued) 



 

 

MicroRNA name Genome location Exp 

(↑/↓) 

Cancer association Clinical 

correlations 

References 

hsa-miR-128b 3p22.3 

(hsa-miR-128-2) 

↓ leukemia (CLL), breast, 

brain ca 

 [70-71], [75], 

[95], [110], 

[116] ↑ leukemia (CLL, ALL), 

colon, lung, pancreas, 

breast ca 

hsa-miR-132 17p13.3 ↓ leukemia (ALL), liver, 

brain ca 

 [70], [72], 

[87], [90], 

[95], [97], 

[110] 

↑ leukemia (CLL), colon, 

tongue ca 

hsa-miR-137 1p21.3 ↓ ovary, brain ca  [70], [72-73], 

[90], [95], 

[107], [114-

115] 

↑ leukemia (CLL), colon, 

brain, tongue, liver ca 

hsa-miR-139 11q13.4 ↓ leukemia (ALL), 

tongue, liver, pancreas 

ca 

(↑) good 

survival 

[73-74], [86], 

[90], [110] 

↑ liver ca 

hsa-miR-141 12p13.31 ↓ brain, liver ca (↑) poor 

prognosis 

[70], [72], 

[88], [93], 

[97], [101], 

[107] 

↑ prostate, leukemia 

(CLL), ovary ca 

hsa-miR-143 5q33.1 ↓ breast, prostate, colon, 

liver, lung, ovary, brain 

ca 

cancer 

metastases  

[71], [78], 

[87-88], [90], 

[94-95], [97], 

[101-102], 

[107] 

↑ tongue ca 

hsa-miR-145 5q33.1 ↓ leukemia (CLL), breast, 

colorectal, lung, 

prostate, bladder, 

ovary, liver, brain ca 

metastasis 

bad 

prognosis 

[70-71], [73], 

[75-76], [78], 

[87-88], [93-

95], [97], 

[100-102], 

[106-107] 

hsa-miR-146 5q33.3 

(hsa-miR-146a) 

10q24.32 

(hsa-miR-146b) 

↓ leukemia (CLL), liver ca  [70], [75], 

[85], [94], 

[96-97], [110] 

↑ leukemia (CLL, ALL), 

breast, pancreas, 

prostate, head and 

neck, thyroid, lung ca 

hsa-miR-149 2q37.3 ↓ breast, tongue, 

prostate, brain ca 

 [71-72], [90], 

[95], [100] 

↑ brain ca 

hsa-miR-150 19q13.33 ↓ leukemia (ALL), brain 

ca 

(↑) good 

survival 

[74], [80], 

[87], [94], 

[97], [110] ↑ leukemia (CLL), lung, 

bladder, breast, liver ca 

(Continued) 

(Continued) 



 

 

MicroRNA name Genome location Exp 

(↑/↓) 

Cancer association Clinical 

correlations 

References 

hsa-miR-155 21q21.3 ↓ pancreas, breast, liver, 

brain ca 

(↑) poor 

survival, bad 

prognosis 

[70-71], [73], 

[75], [79], 

[80], [82-83], 

[85-87], [90], 

[94-99] 

↑ leukemia (CLL, AML), 

liver, breast, pancreas, 

lung, head and neck, 

thyroid, tongue ca 

hsa-miR-181a 9q33.3 

(hsa-miR-181a-2) 

↓ brain ca brain 

enriched  

[82], [86], 

[89], [96], 

[99], [103] 

↑ pancreas, thyroid ca 

hsa-miR-181b 1q31.3 

(hsa-miR-181b-1) 

↓ leukemia (CLL), 

prostate, brain ca 

brain 

enriched 

[42], [79], 

[82], [88-89], 

[95], [99-

100], [103], 

[108-110] 

↑ leukemia (CLL, AML, 

ALL), colorectal, breast, 

pancreas, thyroid, 

ovary ca 

hsa-miR-181c 19p13.12 ↓ leukemia (CLL), liver, 

lung, brain ca  

 [86], [89-90], 

[95-97], [99], 

[103], [110] ↑ leukemia (ALL, AML), 

tongue, thyroid, 

pancreas ca 

hsa-miR-182 7q32.2 ↓ leukemia (AML)  [73], [88], 

[99-100], 

[105], [110] 

↑ leukemia (CLL, ALL), 

prostate, liver, ovary ca 

hsa-miR-191 3p21.31 ↓ leukemia (CLL), breast, 

brain ca 

 [70-71], [75], 

[94-95], [109-

110] ↑ leukemia (ALL), colon, 

lung, pancreas, 

prostate, stomach, 

breast ca  

hsa-miR-195 17p13.1 ↓ gastric, prostate, 

tongue, ovary, liver ca 

 [77], [88], 

[90], [97], 

[99], [102], 

[110], [112] 

↑ leukemia (CLL, ALL, 

AML) 

hsa-miR-197 1p13.3 ↓ leukemia (CLL)  [70], [72], 

[90], [94], 

[122] 

↑ thyroid, tongue, lung, 

brain ca 

hsa-miR-199a 19p13.2 

(hsa-miR-199a-1) 

1q24.3 

(hsa-miR-199a-2) 

↓ leukemia (AML), ovary, 

liver, prostate ca 

(↓) poor 

prognosis 

[74], [93], 

[99], [102], 

[107], [112] ↑ liver ca 

hsa-miR-199b 9q34.11 ↓ leukemia (CLL), ovary, 

liver, lung ca  

 [74], [95], 

[97], [107], 

[110] ↑ leukemia (ALL), brain, 

liver ca 

(Continued) 
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MicroRNA name Genome location Exp 

(↑/↓) 

Cancer association Clinical 

correlations 

References 

hsa-miR-200a 1p36.33 ↓ liver ca  [70], [72], 

[88], [103], 

[107], [112] 

↑ leukemia (CLL), 

thyroid, ovary, brain ca 

hsa-miR-200c 12p13.31 ↓ liver ca (↑) good 

survival, 

poor survival 

(mutation in 

p53) 

[74], [88], 

[91], [107], 

[109] 

↑ ovary, colorectal ca 

hsa-miR-203 14q32.33 ↓ breast, brain, liver ca  [42], [71-72], 

[88], [91], 

[94-95], [104] 

↑ colon, breast, lung, 

bladder, ovary, brain 

ca 

hsa-miR-205 1q32.2 ↓ breast, prostate ca (↓) cancer 

progression 

[87-88], [94], 

[100], [104] ↑ lung, bladder, ovary ca 

hsa-miR-210 11p15.5 ↓ leukemia (CLL), breast 

ca 

 [70-71], [75], 

[94], [102], 

[110] ↑ leukemia (CLL, ALL), 

breast, lung, prostate, 

liver ca 

hsa-miR-212 17p13.3 ↓ leukemia (CLL), 

stomach, colon, 

pancreas, brain ca 

 [70] [72], 

[86], [94-95],  

↑ pancreas, lung ca 

hsa-miR-213 1q31.3-q32.1 ↓ leukemia (CLL), breast, 

brain ca 

 [70-72], [75], 

[90], [96], 

[103] ↑ breast, lung, thyroid, 

tongue ca 

hsa-miR-214 1q24.3 ↓ ovary, liver, liver ca  [73-75], [88], 

[94], [97] ↑ pancreas, prostate, 

stomach, lung, liver ca 

hsa-miR-221 Xp11.3 ↓ leukemia (CLL), 

prostate, brain ca 

(↑) good 

survival 

[70], [73-75], 

[82], [86], 

[88-[89], [95-

97], [99], 

[33], [101-

105] 

↑ leukemia (AML), brain, 

pancreas, liver, 

thyroid, ovary, bladder, 

colon, stomach ca 

hsa-miR-222 Xp11.3 ↓ leukemia (CLL), 

prostate, ovary ca 

 [73], [80], 

[82], [88], 

[91], [96], 

[99-103], 

[105], [107] 

↑ leukemia (AML), 

pancreas, thyroid, 

ovary, stomach, colon, 

liver, bladder ca 

(Continued) 

(Continued) 



 

 

MicroRNA name Genome location Exp 

(↑/↓) 

Cancer association Clinical 

correlations 

References 

hsa-miR-223 Xq12 ↓ leukemia (CLL, AML), 

liver, brain ca 

 [70], [72], 

[74-75], [97], 

[104-105], 

[116] 

↑ colon, pancreas, 

prostate, stomach, 

liver ca 

hsa-miR-224 Xq28 ↓ ovary, lung, brain ca  [72-73], [88], 

[91], [94], 

[103], [107], 

[112] 

↑ liver, pancreas, 

thyroid, ovary ca 

hsa-miR-320 8p21.3 

(hsa-miR-320a) 

1p13.1 

(hsa-miR-320b-1) 

1q42.11 

(hsa-miR-320b-2) 

18q11.2 

(hsa-miR-320c-1) 

18q11.2 

(hsa-miR-320c-2) 

13q14.11 

(hsa-miR-320d-1) 

Xq27.1 

(hsa-miR-320d-2) 

↓ leukemia (CLL), brain, 

breast, bladder ca 

 [79], [87], 

[95], [102], 

[110], [120] 

 
ALL-acute lymphoblastic leukemia; AML-acute myeloid leukemia; CLL-chronic lymphocytic leukemia; 

(↑) high expression; (↓) low expression; ca-cancer. 

 

Reference numbers correspond to publications listed in ANNEX L. 
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ANNEX K: 

The list of cancer deregulated miRNAs confirmed in at least two research studies (Ferdin et al., 2010) 

 

microRNA NAME EXP 

(↑/↓) 

CANCER ASSOCIATION REFERENCES 

hsa-let-7 ↓ breast ca [71], [75], [84] 

↑ uterine ca 

hsa-let-7a ↓ liver, prostate, brain ca [95], [97], [102] 

hsa-let-7a-1 ↓ ovary, prostate, liver, brain ca [72], [97] 

hsa-let-7a-2 ↓ leukemia (CLL), breast, liver, prostate, lung ca [70-71], [97] 

hsa-let-7a-3 ↓ prostate, liver, breast ca [71], [97] 

hsa-let-7b ↓ leukemia (ALL, CLL), ovary, prostate, liver, brain ca [88], [93], [95], [97], 

[102], [110], [116] ↑  leukemia (ALL) 

hsa-let-7c ↓ prostate, ovary, liver ca [88], [97], [102], [106], 

[107] 

hsa-let-7d ↓ ovary, prostate, breast, colon, liver, brain ca [71], [86], [95], [97], 

[102], [107] ↑ pancreas ca 

hsa-let-7e ↓ liver, brain ca [72], [87], [95], [97], 

[99], [120] ↑ leukemia (AML), retinoblastoma, colon ca 

hsa-let-7f ↓ breast, liver, thyroid, brain ca [79], [95] 

↑ breast ca 

hsa-let-7f-1 ↓ leukemia (CLL), thyroid, brain ca [70], [72], [86], [103] 

↑ pancreas ca 

hsa-let-7f-2 ↓ breast, liver ca [71], [97], [104] 

↑ renal ca 

hsa-let-7g ↓ prostate, liver, brain ca [88], [95], [97], [102] 

↑ ovary ca 

hsa-let-7i ↓ breast, brain ca [71], [85-87], [95] 

↑ head and neck, pancreas, breast, prostate, lung ca 

hsa-miR-9  ↓ lung, ovary, brain ca [73], [87], [94-95], 

[107] ↑ liver ca 

hsa-miR-9* ↓ leukemia (AML), ovary ca [73], [99], [107] 

↑ liver ca 

hsa-miR-9-1 ↓ breast ca [71], [123] 

hsa-miR-9-2 ↑ leukemia (CLL), brain ca [70], [89] 

hsa-miR-9-3 ↓ ovary, lung, thyroid, brain ca [72], [96] 

hsa-miR-15a ↓ leukemia (CLL), prostate ca [28], [88], [110], [117] 

↑ leukemia (CLL, ALL), ovary ca 

hsa-miR-15b ↓ leukemia (AML), thyroid ca [70], [86], [88], [99], 

[103], [109] ↑ leukemia (CLL), pancreas, ovary, colorectal ca 

hsa-miR-16 ↓ prostate ca, leukemia (CLL) [28], [86], [88], [93], 

[100], [103], [117] ↑ ovary, prostate, lung, pancreas ca 

(Continued) 



 

 

microRNA NAME EXP 

(↑/↓) 

CANCER ASSOCIATION REFERENCES 

hsa-miR-17 ↑ gastric ca [70], [77] 

↓ leukemia (CLL) 

hsa-miR-17-3p ↑ leukemia (CLL, ALL), lung ca [94], [110] 

hsa-miR-17-5p  ↑ prostate, tongue, lung, bladder, ovary, breast, 

colon, pancreas, brain ca 

[75], [88], [90], [95], 

[104] 

hsa-miR-18  ↑ liver, head and neck ca [74], [85], [112] 

hsa-miR-18a ↑ gastric, ovary, brain ca [77], [93], [95] 

hsa-miR-19a ↑ leukemia (CLL, ALL), colorectal, lung, gastric, brain 

ca 

[70], [76-77], [95], 

[110] 

hsa-miR-20 ↑ leukemia (CLL, ALL), colorectal, lung, liver ca [76], [110] 

hsa-miR-20a  ↓ leukemia (CLL), breast, colon ca [42], [70], [75], [77], 

[87-88], [95], [101] ↑ colon, pancreas, ovary, prostate, lung, gastric, 

brain ca 

hsa-miR-20b ↓ colon ca [77], [87-88] 

↑ gastric, ovary ca 

hsa-miR-21 ↓ breast, brain ca [27], [42], [70-96] 

↑ leukemia (CLL), liver, breast, colon, lung, pancreas, 

prostate, stomach, colorectal, tongue, thyroid, 

uterine, head and neck, ovary, brain ca 

hsa-miR-22 ↓ brain ca [70], [95] 

↑ leukemia (CLL) 

hsa-miR-23a ↓ leukemia (CLL), brain, prostate ca [70], [72], [83], [102], 

[104] ↑ brain, breast, ovary, prostate, lung, bladder, 

pancreas ca 

hsa-miR-23b ↓ brain, prostate ca [72], [84], [101-102], 

[104] ↑ brain, ovary, colon, pancreas, bladder, uterine ca 

hsa-miR-24-1 ↓ leukemia (CLL), brain ca [70], [72], [75], [86], 

[96] ↑ leukemia (CLL), colon, pancreas, stomach, thyroid, 

brain ca  

hsa-miR-24-2 ↓ leukemia (CLL), brain ca [70], [72], [75], [86], 

[94], [96]  ↑ brain, colon, pancreas, stomach, lung, thyroid ca 

hsa-miR-25  ↓ leukemia (CLL), colon ca [70], [73], [75], [87], 

[89], [95], [110], [113] ↑ leukemia (CLL, ALL), prostate, stomach, pancreas, 

liver, colorectal, brain ca 

hsa-miR-26a ↓ leukemia (AML), thyroid, prostate, brain ca [72], [95], [99], [102], 

[111] ↑ brain ca 

hsa-miR-26a-1 ↓ thyroid, ovary, prostate, lung ca [83], [94], [96] 

↑ colon, pancreas ca 

hsa-miR-26b ↓ tongue, brain ca [72], [74], [83], [90], 

[95], [104], [110] ↑ leukemia (CLL, ALL), brain, liver, colon, pancreas, 

bladder ca 

hsa-miR-27a  ↑ leukemia (CLL, ALL, AML) [99], [110] 

hsa-miR-27b ↓ leukemia (CLL), lung ca [70], [94] 

hsa-miR-28 ↑ leukemia (CLL, ALL), renal ca [104], [110] 
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hsa-miR-29a ↓ ovary, brain ca [87-88], [95], [110] 

↑ leukemia (CLL, ALL), bladder, ovary, breast, 

prostate, pancreas, thyroid ca 

hsa-miR-29a-2 ↑ leukemia (CLL), thyroid ca [70], [96] 

hsa-miR-29b ↓ leukemia (CLL, ALL), brain ca [79], [87], [95-96], 

[108], [110] ↑ leukemia (CLL), breast, bladder, thyroid ca 

hsa-miR-29b-2 ↓ lung ca [75], [94] 

↑ breast, colon, pancreas, prostate, thyroid ca 

hsa-miR-29c ↓ ovary, brain ca [70], [79], [85], [88], 

[95-96], [107], [110] ↑ leukemia (CLL, ALL), breast, pancreas, thyroid, 

liver, head and neck ca 

hsa-miR-30a ↓ leukemia (CLL),brain ca [70], [72], [87] 

↑ brain ca 

hsa-miR-30a-3p ↓ leukemia (AML), breast ca [79], [90], [99], [110] 

↑ leukemia (ALL), tongue ca 

hsa-miR-30a-5p ↓ thyroid, lung ca [88], [94], [111] 

↑ ovary ca 

hsa-miR-30b ↓ brain ca [72], [87-88], [95] 

↑ breast, ovary, brain ca 

hsa-miR-30c ↓ brain ca [72], [75], [88], [95] 

↑ brain, colon, pancreas, prostate, ovary ca 

hsa-miR-30d ↓ thyroid, brain ca [72], [83], [87-88], [99], 

[111] ↑ leukemia (AML), serous, pancreas, brain ca 

hsa-miR-31 ↓ prostate, gastric, breast, brain ca [74], [76-79], [90], [95], 

[100] ↑ colorectal, tongue, liver ca 

hsa-miR-32 ↓ lung ca [75], [94], [121] 

↑ prostate, colon, pancreas ca 

hsa-miR-33 ↓ lung ca [70], [74], [94] 

↑ leukemia (CLL), liver ca 

hsa-miR-34 ↓ breast ca [70-71], [103] 

↑ leukemia (CLL), breast, tongue, liver, thyroid ca 

hsa-miR-34a ↓ ovary ca [88], [96], [110] 

↑ leukemia (CLL, ALL), ovary, thyroid ca 

hsa-miR-34b ↓ ovary ca [88], [90] 

↑ ovary, tongue ca 

hsa-miR-34c ↓ leukemia (AML), ovary ca [88], [90], [99] 

↑ tongue ca 

hsa-miR-92 ↓ leukemia (CLL), ovary, prostate ca [80], [88], [102], [110], 

[113] ↑ leukemia (CLL, ALL), colorectal, ovary ca 

hsa-miR-92-1 ↑ leukemia (CLL), pancreas ca [70], [86] 

hsa-miR-92-2 ↓ leukemia (CLL) [70], [75] 

↑ pancreas, prostate, stomach ca 

hsa-miR-96 ↑ leukemia (CLL, ALL), liver, prostate, colorectal ca [70], [73], [76], [91], 

[100], [110] 
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hsa-miR-98 ↓ brain ca [79], [95], [110] 

↑ leukemia (CLL, ALL), breast ca 

hsa-miR-99a ↓ leukemia (CLL), tongue, prostate, breast, ovary ca [74], [87-88], [90], [93], 

[102], [107], [110] ↑ leukemia (ALL), liver ca 

hsa-miR-99b ↓ breast, brain ca [72], [74], [87] 

↑ colon, liver, brain ca 

hsa-miR-100 ↓ leukemia (CLL), ovary, prostate, tongue ca [74], [86], [88], [90], 

[93], [101], [107], [110] ↑ leukemia (ALL), liver, ovary, stomach, pancreas ca 

hsa-miR-101 ↓ breast, ovary, prostate, colon, liver, lung ca [70], [74], [107] 

↑ leukemia (CLL), liver ca 

hsa-miR-101-1 ↓ breast, lung ca [70-71], [94] 

↑ leukemia (CLL) 

hsa-miR-103 ↓ leukemia (AML), prostate, brain ca [72], [83], [88], [95], 

[99], [102] ↑ pancreas, ovary, brain ca 

hsa-miR-103-1 ↓ leukemia (CLL) [70], [72], [83], [104] 

↑ brain, pancreas, breast, stomach, colon, bladder ca 

hsa-miR-103-2 ↑ brain, pancreas, prostate, colon ca [72], [83] 

hsa-miR-106a ↓ colon ca [42], [75], [77], [87-88], 

[94-95], [110] ↑ leukemia (CLL, ALL), colon, gastric, lung, ovary, 

pancreas, prostate, brain ca 

hsa-miR-106b ↑ prostate, gastric, colon, ovary, brain ca [77], [87-88], [95], 

[121] 

hsa-miR-107 ↓ leukemia (CLL), tongue, liver, brain ca [70], [72], [75], [83], 

[86], [88], [90], [91], 

[95]  

↑ colon, pancreas, stomach, ovary, brain, breast ca 

hsa-miR-10b ↓ breast, ovary ca [70-71], [75], [87], [89], 

[91], [118] ↑ leukemia (CLL), brain, breast, bladder, liver ca 

hsa-miR-122 ↓ liver, breast ca [71], [91], [97], [105] 

hsa-miR-123 ↓ leukemia (CLL) [70], [72], [89] 

↑ brain ca 

hsa-miR-124a ↓ colorectal, lung, ovary, brain ca [76], [90], [95], [108] 

↑ tongue ca 

hsa-miR-124a-2 ↓ liver ca [70], [97] 

↑ leukemia (CLL) 

hsa-miR-125a ↓ breast, ovary, prostate, liver, lung, brain ca [71], [75], [93-95], 

[102], [103], [108], 

[112] 

↑ thyroid ca 

hsa-miR-125b ↓ leukemia (CLL), prostate, breast, thyroid, ovary, 

tongue, brain ca 

[71], [86-88], [90], [95], 

[100], [102], [106], 

[110-111] ↑ leukemia (ALL), pancreas, colon, liver ca 

hsa-miR-125b-1 ↓ breast, ovary, prostate, tongue, liver, brain ca [71-72], [86], [89], 

[103], [107] ↑ pancreas, thyroid, stomach, brain ca 

hsa-miR-125b-2 ↓ breast, ovary, prostate, tongue, brain ca [72], [89], [103] 

↑ brain, stomach, pancreas, thyroid ca 
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hsa-miR-126 ↓ leukemia (CLL), breast, ovary, liver, lung ca [87-88], [94], [105], 

[107], [110], [119] ↑ leukemia (ALL), bladder ca 

hsa-miR-126* ↓ lung, liver, breast ca [91], [94] 

hsa-miR-127 ↓ breast, brain ca [72], [79], [95] 

↑ brain ca 

hsa-miR-128a ↓ breast, prostate, colon, pituitary, brain ca [72], [89-90], [95], 

[116] ↑ leukemia (ALL vs AML), tongue ca 

hsa-miR-128b ↓ leukemia (CLL), breast, brain ca [70-71], [75], [95], 

[110], [116] ↑ leukemia (CLL, ALL), colon, lung, pancreas, breast 

ca 

hsa-miR-129 ↓ colorectal, brain ca [76], [95] 

hsa-miR-130a ↓ leukemia (CLL), breast, liver, lung ca [72], [89], [97], [110] 

↑ leukemia (ALL), brain ca 

hsa-miR-130b ↓ breast ca [74], [87], [110] 

↑ leukemia (CLL, ALL), liver ca 

hsa-miR-132 ↓ leukemia (ALL), liver, brain ca [70], [72], [87], [90], 

[95], [97], [110] ↑ leukemia (CLL), colon, tongue ca 

hsa-miR-133a ↓ ovary, tongue ca [90], [107] 

hsa-miR-133b ↓ gastric, colorectal brain, tongue ca [76-77], [90], [95] 

hsa-miR-134 ↓ brain ca [70], [72], [95] 

↑ leukemia (CLL), brain ca 

hsa-miR-135a ↓ brain ca [74], [95] 

↑ liver ca 

hsa-miR-135b ↓ leukemia (ALL, CLL) [76], [110] 

↑ colorectal ca 

hsa-miR-136 ↓ breast, brain, stomach, colon, liver ca [70-71], [72] 

 ↑ leukemia (CLL) 

hsa-miR-137 ↓ ovary, brain ca [70], [72-73], [90], [95], 

[107], [114-115] ↑ leukemia (CLL), colon, brain, tongue, liver ca 

hsa-miR-138 ↓ tongue, brain ca [87], [90], [95] 

↑ colon ca 

hsa-miR-138-1 ↓ lung, thyroid ca [70], [87], [96] 

↑ leukemia (CLL) 

hsa-miR-138-2 ↓ brain, tongue, stomach, colon, pancreas, thyroid ca [72], [96] 

hsa-miR-139 ↓ leukemia (ALL), tongue, liver, pancreas ca [73-74], [86], [90], 

[110] ↑ liver ca 

hsa-miR-140 ↓ ovary, lung, thyroid ca [70], [94], [107] 

 ↑ leukemia (CLL) 

hsa-miR-141 ↓ brain, liver ca [70], [72], [88], [93], 

[97], [101], [107] ↑ prostate, leukemia (CLL), ovary ca 

hsa-miR-142 ↓ leukemia (CLL), liver, thyroid ca [70], [97] 

hsa-miR-142-5p ↓ leukemia (CLL) [87], [99], [110] 

↑ leukemia (AML), bladder, lung ca 
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hsa-miR-143 ↓ breast, prostate, colon, liver, lung, ovary, brain ca [71], [78], [87-88], [90], 

[94-95], [97], [101-

102], [107] 

↑ tongue ca 

hsa-miR-144 ↓ brain, ovary ca [72], [107] 

hsa-miR-145 ↓ leukemia (CLL), breast, colorectal, lung, prostate, 

ovary, bladder, liver, brain ca 

[70-71], [73], [75-76], 

[78], [87-88], [93-95], 

[97], [100-102], [106-

107] 

hsa-miR-146 ↓ leukemia (CLL), liver ca [70], [75], [85], [94], 

[96-97], [110] ↑ leukemia (CLL, ALL), breast, pancreas, prostate, 

head and neck, thyroid, lung ca 

hsa-miR-146b ↑ thyroid, head and neck, ovary ca [85], [88], [96] 

hsa-miR-147 ↓ leukemia (AML), ovary ca [90], [99], [107] 

↑ tongue ca 

hsa-miR-148 ↓ brain, thyroid ca [70], [72], [103] 

↑ leukemia (CLL) 

hsa-miR-148a ↑ leukemia (CLL, ALL), liver, brain, breast, lung ca [74], [87], [95], [110] 

hsa-miR-149 ↓ breast, tongue, prostate, brain ca [71-72], [90], [95], 

[100] ↑ brain ca 

hsa-miR-150 ↓ leukemia (ALL), brain ca [74], [80], [87], [94], 

[97], [110] ↑ leukemia (CLL), lung, bladder, breast, liver ca 

hsa-miR-151 ↓ leukemia (AML) [73], [99], [103] 

↑ liver ca 

hsa-miR-152 ↓ ovary, colon, pancreas ca [70], [87-88], [110] 

↑ leukemia (CLL), lung ca 

hsa-miR-153 ↓ brain ca [70], [95] 

↑ leukemia (CLL) 

hsa-miR-154 ↓ brain ca [70], [72], [90], [95] 

↑ leukemia (CLL), brain, tongue ca 

hsa-miR-155 ↓ pancreas, breast, liver, brain ca [70-71], [73], [75], [79], 

[80], [82-83], [85-87], 

[90], [94-99] 

↑ leukemia (CLL, AML), liver, breast, pancreas, lung, 

head and neck, thyroid, tongue ca 

hsa-miR-181a ↓ brain ca [82], [86], [89], [96], 

[99], [103] ↑ pancreas, thyroid ca 

hsa-miR-181b ↓ leukemia (CLL), prostate, brain ca [42], [79], [82], [88-89], 

[95], [99-100], [103], 

[108-110] 

↑ leukemia (CLL, AML, ALL), colorectal, breast, 

pancreas, thyroid, ovary ca 

hsa-miR-181c ↓ leukemia (CLL), liver, lung, brain ca  [86], [89-90], [95-97], 

[99], [103], [110] ↑ leukemia (ALL, AML), tongue, thyroid, pancreas ca 

hsa-miR-181d ↑ breast, pancreas ca [79], [82] 

hsa-miR-182 ↓ leukemia (AML) [73], [88], [99-100], 

[105], [110] ↑ leukemia (CLL, ALL), prostate, liver, ovary ca 

hsa-miR-182* ↑ liver, prostate ca [73], [100] 

hsa-miR-183 ↑ prostate, colorectal, liver ca [73], [76], [100] 
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hsa-miR-184 ↓ leukemia (AML), prostate ca [70], [90], [99-100] 

↑ leukemia (CLL), tongue ca 

hsa-miR-190 ↓ brain ca [70], [95] 

↑ leukemia (CLL) 

hsa-miR-191 ↓ leukemia (CLL), breast, brain ca [70-71], [75], [94-95], 

[109-110] ↑ leukemia (ALL), colon, lung, pancreas, prostate, 

stomach, breast ca  

hsa-miR-192 ↓ leukemia (CLL), brain ca [70], [83], [94-95] 

↑ pancreas, stomach, liver, lung ca 

hsa-miR-194 ↓ brain, tongue ca [70], [90], [95], [110] 

↑ leukemia (CLL, ALL) 

hsa-miR-195 ↓ gastric, prostate, tongue, ovary, liver ca [77], [88], [90], [97], 

[99], [102], [110], [112] ↑ leukemia (CLL, ALL, AML) 

hsa-miR-196-2 ↓ breast ca [70-71], [103] 

↑ leukemia (CLL), breast, thyroid ca 

hsa-miR-197 ↓ leukemia (CLL) [70], [72], [90], [94], 

[122] ↑ thyroid, tongue, lung, brain ca 

hsa-miR-198 ↓ lung ca [90], [94], [120] 

↑ retinoblastoma, tongue ca 

hsa-miR-199a ↓ leukemia (AML), ovary, liver, prostate ca [74], [93], [99], [102], 

[107], [112] ↑ liver ca 

hsa-miR-199a* ↓ prostate, liver ca [74], [102], [112] 

↑ liver ca 

hsa-miR-199a-1 ↓ leukemia (ALL, CLL), thyroid ca [75], [103], [110] 

↑ lung, pancreas, prostate ca 

hsa-miR-199b ↓ leukemia (CLL), ovary, liver, lung ca [74], [95], [97], [107], 

[110] ↑ leukemia (ALL), brain, liver ca 

hsa-miR-200a ↓ liver ca [70], [72], [88], [103], 

[107], [112] ↑ leukemia (CLL), ovary, thyroid, brain ca 

hsa-miR-200b ↓ ovary, liver ca [74], [88], [97], [107] 

↑ ovary, liver ca 

hsa-miR-200c ↓ liver ca [74], [88], [91], [107], 

[109] ↑ ovary, colorectal ca 

hsa-miR-202 ↓ breast ca [71], [102-103] 

↑ breast, prostate, thyroid ca 

hsa-miR-203 ↓ breast, brain, liver ca [42], [71-72], [88], [91], 

[94-95], [104] ↑ colon, breast, lung, bladder, ovary, brain ca 

hsa-miR-204 ↓ breast, colon, lung ca [71], [83], [87], [110] 

↑ leukemia (ALL), pancreas ca 

hsa-miR-205 ↓ breast, prostate ca [87-88], [94], [100], 

[104] ↑ lung, bladder, ovary ca 

hsa-miR-206 ↓ leukemia (CLL), breast ca [70-71], [75], [119] 

↑ breast, prostate ca 
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hsa-miR-210 ↓ leukemia (CLL), breast ca [70-71], [75], [94], 

[102], [110] ↑ leukemia (CLL, ALL), breast, lung, prostate, liver ca 

hsa-miR-211 ↓ ovary ca [83], [107] 

↑ pancreas ca 

hsa-miR-212 ↓ leukemia (CLL), stomach, colon, pancreas, brain ca [70] [72], [86], [94-95],  

↑ pancreas, lung ca 

hsa-miR-213 ↓ leukemia (CLL), breast, brain ca [70-72], [75], [90], [96], 

[103] ↑ breast, lung, thyroid, tongue ca 

hsa-miR-214 ↓ ovary, liver ca [73-75], [88], [94], [97] 

↑ pancreas, prostate, stomach, lung, liver ca 

hsa-miR-216 ↓ ovary ca [73], [107] 

↑ liver ca 

hsa-miR-217 ↓ pancreas ca [70], [124] 

↑ leukemia (CLL) 

hsa-miR-218-2 ↓ colon, stomach, prostate, pancreas, lung ca [75], [94] 

↑ lung, breast ca 

hsa-miR-219 ↓ brain, tongue ca [90], [95] 

hsa-miR-219-1 ↓ tongue, lung, thyroid ca [94], [96] 

hsa-miR-220 ↓ leukemia (CLL), lung ca [70], [94], [96], [103] 

↑ thyroid ca 

hsa-miR-221 ↓ leukemia (CLL), prostate, brain ca [70], [73-75], [82], [86], 

[88-[89], [95-97], [99], 

[33], [101-105] 

↑ leukemia (AML), brain, pancreas, liver, thyroid, 

ovary, bladder, colon, stomach ca 

hsa-miR-222 ↓ leukemia (CLL), prostate, ovary ca [73], [80], [82], [88], 

[91], [96], [99-103], 

[105], [107] 

↑ leukemia (AML), pancreas, thyroid, ovary, 

stomach, colon, liver, bladder ca 

hsa-miR-223 ↓ leukemia (CLL, AML), liver, brain ca [70], [72], [74-75], [97], 

[104-105], [116] ↑ colon, pancreas, prostate, stomach, liver ca 

hsa-miR-224 ↓ ovary, lung, brain ca [72-73], [88], [91], [94], 

[103], [107], [112] ↑ liver, pancreas, thyroid, ovary  

hsa-miR-296 ↑ leukemia (CLL), prostate ca [102], [110] 

hsa-miR-301 ↑ leukemia (CLL, ALL), pancreas, liver ca [73-74], [86], [110] 

hsa-miR-320 ↓ leukemia (CLL), brain, breast, bladder ca [79], [87], [95], [102], 

[110], [120] ↑ leukemia (ALL), retinoblastoma, prostate ca 

hsa-miR-324-5p ↓ brain ca [73], [95], [99], [110] 

↑ leukemia (CLL, ALL, AML), liver ca 

hsa-miR-325 ↑ tongue ca [90], [99] 

↓ leukemia (AML) 

hsa-miR-326 ↓ brain, pancreas ca [83], [95], [99] 

↑ leukemia (AML) 

hsa-miR-328 ↓ colorectal, brain ca [76], [95], [99] 

↑ leukemia (AML) 
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hsa-miR-331 ↓ brain ca [95], [99], [110] 

↑ leukemia (CLL, ALL, AML) 

hsa-miR-335 ↓ breast ca [110], [119] 

↑ leukemia (CLL, ALL) 

hsa-miR-340 ↓ leukemia (CLL, ALL) [87], [99], [110] 

↑ leukemia (AML, ALL) 

hsa-miR-342 ↓ ovary ca [83], [88] 

↑ pancreas ca 

hsa-miR-345 ↓ pancreas, thyroid ca [74], [86], [96] 

hsa-miR-346 ↓ brain ca [95], [122] 

↑ thyroid ca 

hsa-miR-370 ↓ brain ca [95], [102] 

↑ prostate ca 

hsa-miR-372 ↓ leukemia (AML), brain ca [90], [95], [99] 

↑ tongue ca 

hsa-miR-373* ↑ retinoblastoma, prostate ca [102], [120] 

[73], [99] hsa-miR-374 ↑ leukemia (AML), liver ca 

hsa-miR-375 ↓ pancreas, liver ca [86], [91], [100] 

↑ prostate ca 

hsa-miR-377 ↑ ovary, liver ca [74], [88] 

hsa-miR-422b ↓ liver ca [88], [91] 

↑ ovary ca 

hsa-miR-494 ↓ head and neck ca [85], [120] 

↑ retinoblastoma 

hsa-miR-497 ↓ gastric, breast, prostate ca [77], [79], [102] 

hsa-miR-498 ↑ retinoblastoma, prostate ca [102], [120] 

 

ALL-acute lymphoblastic leukemia; AML-acute myeloid leukemia; CLL-chronic lymphocytic leukemia; 

(↑) high expression; (↓) low expression; ca-cancer.  

 

Reference numbers correspond to publications listed in ANNEX L. 
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ANNEX M: 

Top ten chromosome locations associated with miRNAs and human cancers (Ferdin et al., 2011) 

 

Genomic 
location 

microRNA  CANCER type Ref.erences 

4q25 
 

hsa-miR-302a,  
hsa-miR-302c 

ovary [1] 

hsa-miR-302b leukemia (AML), ovary [1] [2] 

hsa-miR-302d,  
hsa-miR-367 

leukemia (AML) [2] 

7q32.2 
 

hsa-miR-96  leukemia (CLL, ALL), colorectal, liver, prostate [3] [4] [5] [6] [7] [8] 

hsa-miR-182 leukemia (CLL, ALL, AML), liver, blood, prostate [4] [5] [2] [9] [6] [10] [8] 

hsa-miR-183 leukemia (CLL), colorectal, prostate, liver [3] [8] [6] [5] 

hsa-miR-335 leukemia (CLL, ALL), breast [11] [4] 

9q22.32 
 

hsa-let-7a-1 liver, brain [12] [13] 

hsa-let-7b leukemia (CLL, ALL), blood, liver, ovary, prostate, 
brain 

[12] [10] [14] [4] [15] [16] [17] 

hsa-let-7d leukemia (CLL), ovary, pancreas, brain, breast, liver, 
prostate 

[1] [18] [16] [12] [5] [19] [17] 

hsa-let-7f-1 leukemia (CLL), brain, thyroid, pancreas [5] [13] [20] [19] 

hsa-miR-23b brain, prostate, bladder, uterus [13] [16] [21] [22] [23] 

hsa-miR-24-1 leukemia (CLL), brain, colon, pancreas, stomach, 
thyroid 

[5] [13] [24] [19] [25] 

hsa-miR-27b leukemia (CLL), lung [5] [26] 

13q31.3 
 

hsa-miR-17 leukemia (CLL, ALL), stomach, breast, colon, lung, 
pancreas, prostate, blood, tongue, bladder, brain 

[27] [4] [5] [24] [26] [10] [28] 

[22] [29] [17] 

hsa-miR-18a stomach, ovary [27] [15] 

hsa-miR-19a leukemia (CLL, ALL), colorectal, lymphatic gland, 
lung, stomach, brain 

[3] [5] [4] [27] [17] 

hsa-miR-20a  leukemia (CLL), breast, colon, pancreas, prostate, 
stomach, blood, brain 

[24] [5] [29] [30] [27] [10] [21] 

[17] 

hsa-miR-92a-1 leukemia (CLL), pancreas [5] [19] 

14q32.2 
 

hsa-miR-127 breast, brain, colon [31] [29] [13] [17] 

hsa-miR-136 leukemia (CLL), brain, breast, liver [12] [18] [13] [5] 

hsa-miR-342 blood, pancreas, bladder, colon [10] [32] [29] 

hsa-miR-345 pancreas, thyroid [19] [25] 

hsa-miR-370 brain, prostate [17] [16] 

14q32.31 
 

hsa-miR-134,  
hsa-miR-323,  
hsa-miR-381,  
hsa-miR-382 

brain [13] [17] 

hsa-miR-154 leukemia (CLL), brain, tongue [17] [13] [5] [28] 

hsa-miR-369 lung [29] 

hsa-miR-376a pancreas [19] 

hsa-miR-377 blood [10] 

hsa-miR-409 colon [29] 

hsa-miR-494 head and neck, eye [33] [34] 

19p13.13 
 

hsa-miR-23a leukemia (CLL), prostate, pancreas, bladder, brain [13] [5] [16] [32] [22] 

hsa-miR-24-2 leukemia (CLL), brain, colon, stomach, lung, 
pancreas, thyroid 

[5] [13] [24] [26] [19] [25] 

hsa-miR-27a  leukemia (CLL, ALL, AML) [2] [4]  
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Genomic 
location 

microRNA  CANCER type Ref.erences 

hsa-miR-181c leukemia (CLL, ALL, AML), lung, brain, pancreas, 
liver, thyroid, tongue 

[12] [35] [17] [26] [4] [2] [5] 

[19] [25] [20] [28] 

hsa-miR-181d breast, pancreas [31] [36] 

19q13.42 
 

hsa-miR-372 leukemia (AML), tongue, brain [28] [2] [17]  

hsa-miR-373 lung, eye, prostate [29] [34] [16] 

hsa-miR-498 prostate, eye [16] [34] 

hsa-miR-518c eye [34] [29] 

Xq26.2 
 

hsa-miR-18b stomach  [27] 

hsa-miR-20b colon, stomach, blood [29] [27] [10] 

hsa-miR-92a-2 leukemia (CLL), pancreas, prostate, stomach [5] [24] 

hsa-miR-106a leukemia (CLL, ALL), stomach, blood, lung, colon, 
pancreas, prostate, brain 

[29] [30] [4] [27] [10] [26] [24] 

[17]  

hsa-miR-363 blood [10] 

hsa-miR-424 pancreas [19] 

Xq27.3 
 

hsa-miR-508,  
hsa-miR-509,  
hsa-miR-514 

blood [10] 

hsa-miR-513a eye [34] 

 

CLL: chronic lymphocytic leukemia; ALL: acute lymphocytic leukemia; 

 

Reference numbers correspond to publications listed in ANNEX N. 
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The list of studies reviewed to define genomic locations of miRNAs altered in human cancers (Ferdin et 

al., 2011) 
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ANNEX O: 

Pathways associated with the literature-collected HIF1A target genes 

 

# Database Pathway P-value Bonferroni HIF1A targets involved in the 
pathway 

no. of 
targets 

1 Reactome Metabolism of 
carbohydrates 

7.6E-18 2.9E-16 GCK, BSG, PGK1, PCK1, 
SLC2A3, PFKFB4, PFKL, 
SLC2A1, TPI1, PFKFB3, 
PFKFB2, GAPDH, PFKFB1, 
GYS1, HK2, HK1, GBE1, 
PGAM1, ALDOA, ALDOC, 
LDHA, ENO1, PKM, PFKP, GPI,  

25 

2 PANTHER Glycolysis 8.6E-11 4.6E-9 HK2, HK1, GCK, PGAM1, 
PGK1, ALDOA, ALDOC, ENO1, 
PKM, PFKP, GPI, PFKL 

12 

3  KEGG Glycolysis / 
Gluconeogenesis * 

5.7E-11 6.4E-9 HK2, HK1, GCK, PGAM1, 
PGK1, ALDOA, ALDOC, PCK1, 
PFKL, LDHA, TPI1, GAPDH, 
ENO1, PKM, PFKP, GPI 

16 

4 Reactome Diabetes pathways 2.5E-8 9.6E-7 GCK, PGK1, KCNB1, PFKFB4, 
PFKL, IGF2, TPI1, PFKFB3, 
IGFBP1, PFKFB2, GAPDH, 
IGFBP2, IGFBP3, DDIT3, 
PFKFB1, MMP2, PGAM1, 
MMP1, ALDOA, ALDOC, 
IGFBP5, ERO1L, KLK3, ENO1, 
PKM, PFKP, GPI 

27 

5  KEGG Fructose and mannose 
metabolism * 

1.9E-8 2.1E-6 HK2, HK1, TPI1, PFKFB3, 
PFKFB2, ALDOA, PFKFB1, 
ALDOC, PFKP, PFKFB4, PFKL 

11 

6  KEGG Renal cell carcinoma * 4.7E-7 5.2E-5 PDGFB, TGFA, EGLN1, 
SLC2A1, VEGFA, ARNT, 
VEGFB, ETS1, MET, RAC1, 
EGLN3, CDC42, TGFB3 

13 

7 BioCarta Glycolysis pathway 5.0E-7 6.4E-5 HK1, PGAM1, TPI1, PGK1, 
GAPDH, ENO1, GPI, PFKL 

8 

8 Reactome Integration of energy 
metabolism 

2.4E-5 9.0E-4 GCK, PGAM1, PGK1, PDK3, 
ALDOA, ALDOC, PDK1, 
PFKFB4, PFKL, IGF2, TPI1, 
PFKFB3, PFKFB2, GAPDH, 
PFKFB1, ENO1, PKM, PFKP, 
GPI 

19 

9 KEGG Pathways in cancer 1.4E-5 1.6E-3 EGFR, FN1, CDKN1B, CDKN1A, 
SLC2A1, KITLG, VEGFA, 
VEGFB, HSP90B1, MET, 
TGFB3, MMP2, PDGFA, 
MMP1, PDGFB, TGFA, 
BCL2L1, NOS2, EGLN1, KLK3, 
ARNT, ETS1, RAC1, EGLN3, 
CDC42P2,  

25 

10 PANTHER Fructose galactose 
metabolism 

3.8E-4 2.0E-2 HK2, HK1, GCK, ALDOA, 
ALDOC 

5 

11 Reactome Hemostasis 6.5E-4 2.4E-2 MMP1, PDGFA, PDGFB, BSG, 
ALDOA, FN1, CAV1, ANGPT2, 
SERPINE1, VEGFA, ITGB2, 
VEGFB, TF, TTN, RAC1, 
PLAUR, TGFB3 

17 
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# Database Pathway P-value Bonferroni HIF1A targets involved in the 
pathway 

no. of 
targets 

12 Reactome Signaling by VEGF 3.0E-3 1.1E-1 VEGFA, VEGFB, FLT1, KDR 4 

13 KEGG Cytokine-cytokine 
receptor interaction * 

1.1E-3 1.2E-1 PDGFA, EPO, PDGFB, EGFR, 
CTF1, FLT1, KDR, GHR, INHBB, 
CXCL12, CX3CR1, KITLG, 
VEGFA, LEP, VEGFB, CXCR4, 
MET, TGFB3 

18 

14 BioCarta Hypoxia-inducible 
factor in the 
cardiovascular System 

1.1E-3 1.4E-1 NOS3, EPO, ARNT, VEGFA, 
LDHA, EDN1 

6 

15 KEGG Prostate cancer 3.6E-3 3.3E-1 IGF2, PDGFA, KLK3, PDGFB, 
TGFA, EGFR, CDKN1B, 
CDKN1A, HSP90B1 

9 

16 KEGG Pancreatic cancer * 4.1E-3 3.7E-1 VEGFA, TGFA, BCL2L1, EGFR, 
VEGFB, RAC1, CDC42, TGFB3 

8 

17 KEGG Focal adhesion 4.5E-3 4.0E-1 PDGFA, PDGFB, EGFR, FLT1, 
FN1, KDR, VASP, CAV1, 
VEGFA, VEGFB, COL5A1, MET, 
RAC1, CDC42 

14 

18 KEGG Pentose phosphate 
pathway 

5.0E-3 4.3E-1 ALDOA, ALDOC, PFKP, GPI, 
PFKL 

5 

19 KEGG Galactose metabolism 5.8E-3 4.8E-1 HK2, HK1, GCK, PFKP, PFKL 5 

20 KEGG Bladder cancer 6.4E-3 5.1E-1 MMP2, MMP1, VEGFA, EGFR, 
VEGFB, CDKN1A 

6 

21 KEGG Starch and sucrose 
metabolism * 

6.4E-3 5.1E-1 HK2, HK1, GCK, GBE1, GYS1, 
GPI 

6 

 
Grey shaded columns present pathways with statistically significant P-value or Bonferroni levels (< 

0.001); * - enriched pathways also identified in the study by Benita et al (2009). 

 

(Continued) 


