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ABSTRACT 

 

Objective: To identify additional celiac disease associated loci in the Major 

Histocompatibility Complex independent from classical HLA risk alleles (HLA-DR3-

DQ2) and to characterize their potential functional impact in celiac disease pathogenesis 

at the intestinal level.  

Methods: We performed a high resolution SNP genotyping of the MHC region, 

comparing HLA-DR3 homozygous celiac patients and non-celiac controls carrying a 

single copy of the B8-DR3-DQ2 conserved extended haplotype . Expression level of 

potential novel risk genes was determined by RT-PCR in intestinal biopsies and in 

intestinal and immune cells isolated from control and celiac individuals. Small 

interfering RNA-driven silencing of selected genes was performed in the intestinal cell 

line T84. 

Results: MHC genotyping revealed two associated SNPs, one located in TRIM27 gene 

and another in the non-coding gene HCG14. After stratification analysis, only HCG14 

showed significant association independent from HLA-DR-DQ loci Expression of 

HCG14 was slightly downregulated in epithelial cells isolated from duodenal biopsies 

of celiac patients, and eQTL analysis revealed that polymorphisms in HCG14 region 

were associated with decreased NOD1 expression in duodenal intestinal cells. 

Conclusions: We have sucessfully  employed a conserved extended haplotype-

matching strategy and identified  a novel additional celiac disease risk variant in the 

lncRNA HGC14. This lncRNA seems to regulate the expression of NOD1 in an allele-

specific manner. Further functional studies are needed to clarify the role of HCG14 in 

the regulation of gene expression and to determine the molecular mechanisms by which 

the risk variant in HCG14 contributes to celiac disease pathogenesis. 
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WHAT IS KNOWN 

 The major susceptibility locus for celiac disease is located within the Major 

Histocompatibility Complex (HLA-DQ2) and evidence suggest the presence of 

additional CeD loci within or close to the MHC. 

  Long non-coding (lnc)RNAs are emerging as important players in the 

regulation of disease-associated pathways. 

WHAT IS NEW 

 The lncRNA HCG14 located at the MHC harbors CeD-associated variants that 

confer susceptibility independently of the HLA-DQ genotype.  

 HCG14 expression is slightly downregulated in epithelial cells from duodenal 

biopsies of patients with CeD. 

 Expression of NOD1, a candidate gene for several inflammatory diseases, is 

modulated by HCG14 in intestinal cells.  
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INTRODUCTION 

Celiac disease (CeD) is a chronic, autoimmune disorder caused by intolerance to 

ingested gluten that develops in genetically susceptible individuals (1). It usually 

presents as a histologic lesion of the jejunum, consisting in atrophy of the intestinal villi 

and crypt hyperplasia, with a very wide range of clinical and functional expression (2). 

Familial clustering of CeD has been known for a long time, with concordance rates 

between identical twins close to 70%, and around 10% of first-degree relatives of CeD 

patients affected (3). The major susceptibility locus is located in the MHC region on 

chromosome 6p21 and more than 90% of patients with CeD express the HLA-DQ2 

heterodimer, encoded by the risk haplotype DQA1*0501/*02 in cis or in trans in HLA-

DR5/DR7 heterozygous patients. The minority of patients lacking HLA-DQ2 presents 

the HLA-DQ8 molecule, encoded by haplotype DQA1*0301/DQB1*0302 (4). Allele 

HLA-DQ2 is common in the general population, being present in approximately 30% of 

Caucasians (5).  

Overall, DQ2 seems necessary but yet not sufficient for the development of CeD, and 

this idea has encouraged the search for non-HLA and other HLA genetic variants 

predisposing to disease. Conserved extended haplotypes (CEH) are long genomic 

extensions that have been maintained unaltered during human evolution and are a 

characteristic of the MHC genomic region (6). The HLA-B8-DR3-DQ2 CEH or AH8.1 

is one of the most common extended DR3 haplotypes in almost all Caucasian 

populations and consists of the HLA-A1, HLA-Cw7, HLA-B8, MICA-5.1, HLA-DR3, 

and HLA-DQ2 alleles. HLA-B8-DR3-DQ2 CEH is highly conserved throughout more 

than 4 Mb, and this conservation spans at least from HLA-A toHLA-DQ locus (7,8). 

Interestingly, this CEH has been associated with several autoimmune diseases, 
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including CeD and type 1 diabetes (T1D) (9,10). Recently, five independent association 

signals have been detected in the extended MHC: amino acid position 9 in HLA-DPB1, 

allele HLA-B*08:01 and HLA-B*39:06 and two SNPs, rs1611710 (near HLA-F) and 

rs2301226 (close to HLA-DPB1) (11). We have previously shown that, at least in in the 

Basque population, HLA-B8-DR3-DQ2 CEH discriminates HLA-DR3-DQ2 

homozygous CeD patients from DR3-DQ2-homozygous T1D patients (characterized by 

the presence of another CEH, B18-DR3-DQ2, or AH18.1), suggesting the presence of 

additional CeD predisposing loci in the B8-DR3-DQ2 CEH (10). Using a CEH-

matching strategy we detected novel association signals for type 1 diabetes in the MHC 

which had an independent effect from classical risk alleles in the HLA-DRB1 gene (12). 

Under this hypothesis and to identify those additional CeD loci, we performed high 

resolution SNP genotyping of the MHC region, comparing HLA-DR3 homozygous 

CeD patients and non-celiac controls carrying a single copy of the B8-DR3-DQ2 CEH, 

in order to investigate putatively celiac-predisposing variation at the other HLA-DR3-

DQ2 chromosome. Once again, the CEH-matching strategy that controls for the major 

effects of HLA loci was able to detec an additional risk variant with a modest 

contribution to CeD risk, located in the long non-coding RNA (lncRNA) gene HCG14.  

We have shown that HCG14 is preferentially located in the nucleus of intestinal 

epithelial cells, suggesting a potential gene expression regulatory function. In fact, the 

CeD risk genotype of SNPs located in the HCG14 region correlates with decreased 

NOD1 expression in intestinal epithelial cells. NOD1 is an innate immune receptor that 

upon recognition of exogenous and endogenous ligands induce the activation of several 

pro-inflammatory pathways. Interestingly, accumulating evidence points to the 

implication of the innate immune system in the initiation of CeD and it has been shown 
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that gluten peptides act as ligands for several innate receptors, inducing innate immune 

activation (13,14) 

In addition, our results show that HCG14 is preferentially located in the nuclei of 

intestinal cells, suggesting that in this cell type, HCG14 may have a regulatory role in 

gene expression. In this sense,  a CeD-associated lncRNA that is preferentially 

expressed in the nuclei of intestinal cells has been shown to modulate the expression of 

several pro-inflammatory genes (15). Although further studies are needed to 

characterize the functional implication of HCG14 in CeD pathogenesis, our results 

suggest that in intestinal epithelial cells, HCG14 is implicated in transcriptional 

regulation.  

 

METHODS 

Human Biological samples and cell separation 

All studies involving human samples were approved by the Ethics Committee of Cruces 

University Hospital and samples were collected after informed consent had been 

obtained from participants or their parents. CeD patients were diagnosed according to 

the European Society for Paediatric Gastroenterology and Nutrition criteria in force at 

the time of recruitment, including the determination of anti-gliadin, anti-endomysium, 

and anti-tissue transglutaminase antibodies as well as a confirmatory small bowel 

biopsy.  

The high resolution SNP scan was performed in a discovery sample set comprising 10 

CeD patients and 39 non-celiac blood donors of Caucasian origin who were 

homozygous for HLA-DR3-DQ2 and carried a single copy of the B8-DR3-DQ2 CEH. 
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A replication study of the most significantly associated SNPs was performed in an 

independent sample of 525 CeD patients and 563 healthy controls, without HLA 

matching.  

Biopsy specimens from the distal duodenum were obtained during routine diagnostic 

endoscopy, and were either snap frozen and stored in liquid nitrogen (whole biopsies) 

until they were used for gene expression studies or immediately processed for the 

isolation of epithelial (CD326+) cells.  Expression analyses were performed in a sample 

set of 54 duodenal mucosa samples from 2 categories: biopsy specimens from 28 

patients diagnosed with active CeD who were on a non-restricted diet at that time, and 

from 26 patients without CeD who had undergone endoscopy but had no inflammation 

of the gut. Epithelial cells were separated using MACS magnetic cell separation 

technology (Miltenyi Biotec, Bergisch Gladbach, Germany) following the 

manufacturer's protocol (See Supplemental Methods for details, Supplemental Digital 

Content 1).   

MHC genotyping and high risk HLA-DR-DQ genotyping 

To analyze 2,360 SPNs across a region of 4.91bp in the MHC, a commercially available 

MHC Panel Set (Illumina Inc., San Diego, CA) was genotyped in the discovery samples 

using the Golden Gate protocol (Illumina Inc.). After filtering for quality control 

parameters (see Supplemental Methods, Supplemental Digital Content 1), Fisher’s exact 

test was used for single marker allelic association analyses, and p-values below 10-4 

were regarded significant.  

In order to determine whether the risk attributed to the newly identified variants was 

independent from HLA class II, SNPs rs2187668 and rs7454108, proxies for HLA-

DQA1*0501-DQB1*0201 (DQ2) and HLA-DQA1*0301-DQB1*0302 (DQ8), 
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respectively, were genotyped in all samples (16). Linkage disequilibrium between each 

of these SNPs and the novel risk markers was measured using Haploview (17). 

Independent contribution was also assesed by stratified analysis. 

Cell culture and gliadin exposure 

C2BBe1 and T84 intestinal cells were maintained in DMEM supplemented with 10% 

heat inactivated FBS, 1% non-essential amino acids, and 1% penicillin-streptomycin in 

tissue culture flasks.  

For in vitro stimulation of cultured cells, pepsin-trypsin digest of gliadin (PT-G) was 

prepared as described previously (18). In addition, an enzymatic digest of BSA (PT-

BSA) (ThermoFisher Scientific) prepared in the same way was used as a negative 

control of stimulation. C2BBe1 and T84 cells cells were exposed to 1 mg/ml of PT-G or 

PT-BSA for 4h. 

Cellular fractionation 

To determine the distribution of HCG14 in the nuclear and cytoplasmic cell 

compartments, nuclei were isolated using C1 lysis buffer as previously described (15). 

The amounts of HCG14, Lnc13 (nuclear control) and RPLPO (cytoplasmic control) 

were measured by RT-PCR and compared to the total amount of those RNAs in the 

whole cell.  

Expression analysis 

Total RNA was extracted from whole duodenal biopsies or from immune and epithelial 

cell fractions isolated from biopsies using RNeasy Micro Kit (Qiagen) and cDNA was 

synthesized with the iScript cDNA Synthesis Kit (Biorad). Expression of HCG14, 

TRIM27, NOD1 and Lnc13 was determined by real-time (RT)-PCR using specific 
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Taqman Gene Expression Assays (ThermoFisher Scientific) in an Eco Real Time PCR 

machine (Illumina). Expression values were corrected for the housekeeping gene 

RPLPO. 

HCG14 expression was also measured in a commercially available RNA panel set of 

different human tissues (Human total RNA master panel II, Clontech, France). 

 

RESULTS 

A high resolution SNP genotyping of the MHC in CEH-matched individuals 

identifies novel independent CeD association signals 

In the present study, we have taken advantage of the extraordinary conservation of the 

B8-DR3-DQ2 CEH and performed a high resolution SNP genotyping within the MHC, 

in order to search for additional CeD predisposing variants independent from HLA-DR-

DQ loci. As is shown in Figure 1, the allelic association analysis revealed two 

association peaks in the most telomeric side of the xMHC (extended MHC): rs2523765 

(dbSNP build 150; chr6: 29,849,329) in the most telomeric part of the classical MHC, 

downstream HLA-G locus, and rs3130838 (chr6: 28,898,751) located in an intergenic 

region between the coding gene TRIM27 and the lncRNA gene HCG14. Genotyping 

results of both SNPs were confirmed using an alternative genotyping technique in an 

independent larger sample without HLA-matching. Although there was a possiblility 

that the associations initially identified could actually be false positives due to the 

limited sample size, the associations were replicated in the larger sample set 

[rs2523765: MAF cases/controls = 0.44/0.36; p=2x10-4; OR=1.39 (95% CI=1.17-1.66), 
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and rs3135316: MAF cases/controls=0.13/0.04; p=6x10-10; OR=3.21 (95%CI=2.16-

4.77)].  

Both associated SNPs are located in the telomeric side of the MHC, far enough from the 

classical HLA risk loci (DR and DQ). However, we wanted to check whether the 

associated variants were in linkage disequilibrium (LD) with the classical HLA risk 

alleles (HLA-DR3-DQ2 and HLA-DR4-DQ8), so samples were genotyped for two 

tagSNPs that are proxies for these two HLA risk haplotypes. Results from the LD 

analysis revealed that neither rs2523765 nor rs3135316 were in LD with HLA-DR3-

DQ2 or HLA-DR4-DQ8, and correlation values (r2) between the associated variants and 

HLA-DR3-DQ2/HLA-DR4-DQ8 was close to zero.  

In addition, stratified analysis was performed in order to test whether the effect of the 

associated variants to disease risk was independent from HLA-DR-DQ loci effect (Table 

1). Genotyping results for rs2523765 were stratified according to the risk HLA-DR3-

DQ2 haplotype, the association analysis did not reach statistical significance. Failure of 

the stratification analysis was probably due to an insufficient sample-size to detect such 

a small contribution of the associated variant. In contrast, the effect of rs3135316 in 

disease risk was more pronounced, so that stratified analysis of rs3135316 (tagSNP for 

rs3130838) suggested that the risk conferred by this variant was indeed independent 

from classical HLA risk alleles.  

Linkage disequilibrium analysis of rs3130838 revealed that it is in absolute LD (r2=1) 

with two SNPs that are located in intron 4 of TRIM27 gene (rs3135293) and in the 

intronic region of the lncRNA gene HCG14 (rs3135316) (Figure 2A). 
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Expression of HCG14 is slightly dowregulated in epithelial cells isolated from 

duodenal biopsies of CeD patients. 

We analyzed the expression of TRIM27 and HCG14 in duodenal biopsies of active CeD 

patients and non-CeD controls. Both TRIM27 and HCG14 were expressed in whole 

duodenal biopsies, although we did not detect significant differences between groups 

(Supplemental Digital Content 2). As expected, the expression of TRIM27 was higher 

than HCG14, confirming that in general, expression of non-coding RNAs is lower than 

expression of coding genes (19). 

The expression levels of HCG14 were also measured in immune and epithelial cellular 

fractions from duodenal biopsies of celiac and non-celiac control individuals. As shown 

in Figures 2B and 2C, the expression of HCG14 was higher in CD45+ immune cells 

than in CD326+ epithelial cells. While in immune cells expression levels of HCG14 

were similar in celiac and control groups (Figure 2B); in epithelial cells, HCG14 was 

slightly dowregulated in the celiac group, although differences did not reach statistical 

significance (Figure 2C). The expression levels of TRIM27 did not differ between celiac 

and non-celiac controls in none of the fractions (data not shown). 

HCG14 is ubiquotiusly expressed in human tissues and is preferentially located in the 

nucleus of intestinal cells 

To characterize the role of HCG14, we analyzed its expression in a set of human tissues 

and in the intestinal cell line T84 (Figure 2D). We found that HCG14 is ubiquotiusly 

expressed in all the human tissues analyzed, with the highest levels in brain, liver, lung 

and kidney. The expression level of HCG14 is higher in tissues related to the immune 

system (e.g. spleen) than in colon and intestine. These results confirmed our previous 
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expression results in which we observed a higher expression of HCG14 in CD45+ 

immune cells than in intestinal CD326+ cells (Figures 2B and C). 

We analyzed HCG14 expression in nuclear fractions and whole cell lysates of T84 

clonal intestinal cells. As shown in Figure 2E, HCG14 was preferentially expressed in 

the nucleus of intestinal cells as is the case of the previously described nuclear, CeD-

associated, regulatory Lnc13 (15). These results show that HCG14 is preferentially 

expressed in the nucleus of intestinal cells, suggesting a potential regulatory role in the 

trancription of other genes.  

In order to assess whether HCG14 expression is modulated by gliadin in intestinal cells, 

we next determined its expression in the intestinal cell lines T84 and C2BBe1 upon 

exposure to PT-BSA (as control condition) or PT-gliadin for 4 hours (Supplemental 

Digital Content 3). We did not observe any effect in the expression of HCG14 in 

C2BBe1 and T84 cells after 4h of gliadin exposure. Nevertheless, to completely discard 

an effect of gliadin in the expression of HCG14, other exposure times and gliadin 

concentrations should be tested.  

Polymorphisms in HCG14 region are associated with decreased NOD1 expression in 

duodenal intestinal cells 

Preliminary eQTL analyses in duodenal epithelial cells (unpublished data) suggested 

that the differential expression of NOD1 (Nucleotide Binding Oligomerization Domain 

Containing 1) gene correlates with the genotype of a group of 8 SNPs located in the 

genomic region of HCG14. Indeed, the expression of NOD1 was around 2-fold higher 

in intestinal cells homozygous for the common allele compared to those carrying the 

heterozygous genotype (Figure 3A). 
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In order to determine whether HCG14 could be a potential regulator of NOD1 

expression in intestinal cells, we analyzed NOD1 expression in HCG14-silenced T84 

cells. Specific small interfering (si)RNAs were able to significantly reduce HCG14 

expression by around 70% in T84 cells (Figure 3B). As shown in Figure 3C, NOD1 

expression was slightly decreased in siHCG14-transfected intestinal cells in comparison 

with cells transfected with an irrelevant siRNA (siCTRL), suggesting a potential 

regulation of NOD1 expression by HCG14. 

 

DISCUSSION 

Celiac disease is considered a model immunogenetic disease, where several of the 

participants (genetic as well as environmental) are already known (20). From a genetic 

point of view, it is clear that the presence of DQ2 (or DQ8) allele is an almost absolute 

requirement for the development of CeD, although it is not sufficient, since the 

frequency of HLA-DQ2 allele is also high among non-celiac individuals from the 

general population (5). Different studies have shown that not all DQ2-harboring  

haplotypes confer equal susceptibility and have pointed out the presence of additional 

risk factors on certain HLA-DR3-DQ2 haplotypes (21). Studies comparing CeD patients 

and non-celiac individuals selected for the presence of DR3-DQ2 have proposed 

association at several HLA-linked loci (22-24) and have supported the presence of 

additional CeD susceptibility factors that are independent of HLA-DQ in the B8-DR3-

DQ2 CEH, suggesting their localization around the HLA class I region (22-24). 

In this study, we have detected two novel variants associated with CeD risk that are not 

in LD with classical HLA-DQ risk variants and could modulate the risk conferred by 
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different HLA-DR3-DQ2 haplotypes to the disease. One of these polymorphisms, 

rs3130838, seems to have a risk effect that is independent from DR3-DQ2 alleles.  

The CeD-associated SNP rs3130838 is located in an intergenic region flanked by two 

genes, TRIM27 and HCG14, a protein-coding and a non-coding gene, respectively. The 

TRIM27 (or RFP) gene encodes a protein of the tripartite motif (TRIM) family that is 

localized in the nuclear matrix and is involved in the regulation of gene expression and 

cell proliferation (25). Interestingly, TRIM27 negatively regulates NFkB activation and 

thus, participates in the regulation of innate immune responses and inflammatory 

processes (26). Several studies have implicated the NFkB pathway in the development 

of CeD (27,28), so that the genes related to the regulation of this pathway are potential 

candidate genes for CeD.  

On the other hand, HCG14 gene encodes an antisense lncRNA with unknown function. 

In the last years, lncRNAs have emerged as important regulatory molecules of gene 

expression and several studies have implicated lncRNAs in a wide range of biological 

processes (29-32). Importantly, lncRNAs are known to modulate gene expression in 

both cis and trans acting manners or by direct interaction with the chromatin-modifying 

proteins and transcription factors (33-36). In contrast to protein-coding genes, lncRNAs 

are preferentially located in the nucleus and loss-of-function studies have suggested that 

they have broad effects on gene expression (37). In the present work, we have shown 

that HCG14 is preferentially located in the nucleus of intestinal cells, suggesting a 

potential regulatory function in gene expression.  

Interestingly, we have observed that HCG14 is slightly downregulated in intestinal 

epithelial cells isolated from CeD patients in comparison to cells isolated from biopsies 

of non-celiac individuals. Preliminary genome-wide eQTL data (unpublished data) 
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show that the genotype of 8 SNPs in HCG14 region correlate with differential 

expression of NOD1 gene in intestinal cells from duodenal biopsies. Thus, intestinal 

cells homozygous for the common alleles (protective for CeD) had higher NOD1 

expression than cells harbouring the heterozygous genotypes. These data suggest that 

CeD-associated polymorphisms in HCG14 may alter its function, affecting its capacity 

to regulate NOD1 expression. Indeed, silencing of HCG14 expression by siRNAs led to 

decreased NOD1 expression in intestinal cells. Based on published expression data (38), 

it seems that NOD1 is preferentially expresed in immune tissues (e.g. spleen or lymph 

nodes), however NOD1 acts as the first barrier of defense against pathogens in several 

other tissues, including intestine (39). Indeed, the immune profile of NOD1-deficient 

ileum suggested a more susceptible epithelial barrier, characterized by decreased 

expression of antibacterial proteins, such as α- and β-defensins (40). 

NOD1 is a member of the NOD-like receptors (NLRs) family, one of the most studied 

pathogen recognition receptors (PRRs). It is widely expressed in many cell types and is 

activated upon recognition of specific motifs present in bacterial peptidoglycan. 

Interestingly, genetic variants in NOD1 have been associated with susceptibility to 

inflammatory diseases. Thus, NOD1 polymorphisms have been associated with the 

development of atopic eczema, asthma and increased serum IgE concentration (41), 

while polymorphisms in the intronic region of NOD1 have been linked with the age at 

onset of inflammatory bowel disease (IBD) (42).  

Our data suggest that CeD-associated variants in HCG14 region alter NOD1 expression 

in intestinal cells, however the exact molecular mechanism underlying this effect and its 

impact on CeD pathogenesis remains to be clarified. Several studies have suggested that 

disease-associated SNPs located within non-coding RNAs could perturb their function 

by disrupting their secondary structure (43). It has been recently shown that a CeD-
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associated SNP in Lnc13 alters its capacity to bind to the ribonucleoprotein hnRNPD, 

affecting the expression of several pro-inflammatory genes, such as the trascription 

factors STAT1 and STAT3, or the pro-inflammatory cytokine CCL2 (15). Interestingly, 

Lnc13 is less expressed in biopsies from CeD patients compared to controls and as 

HCG14 is preferentially located in the nucleus (15). Moreover, specific GWAS SNPs in 

and around an antisense lncRNA named ANRIL can alter the transcription and 

processing of ANRIL transcripts associated with increased susceptibility to coronary 

disease, intracranial aneurysm, type 2 diabetes, as well as several tumor types (44-46).  

In the present work, we have successfullyemployed a CEH-matching strategy to 

idenfify a novel additional CeD risk variant in the Major Histocompatibility Complex. 

We have identified a CeD risk variant in total LD with two SNPs, one in the coding 

gene TRIM27 and the other intronic region of the lncRNA gene HCG14. While 

TRIM27 expression is not modified in biopsies of CeD patients when compared to 

controls, suggesting that if TRIM27 is somehow implicated in NFB signaling pathway 

alteration observed in the intestine of CeD patients, it might be by a molecular 

mechanism in which its expression level is not relevant. On the other hand, the variant 

in the lncRNA HGC14 seems to regulate the expression of NOD1 in an allele-specific 

manner. Further functional studies will allow to clarify the role of HCG14 in the 

regulation of gene expression and to determine the molecular mechanisms by which the 

risk variant in HCG14 contributes to CeD pathogenesis. 
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FIGURE LEGENDS 

Figure 1. Genetic association analysis of DR3-DQ2-matched celiac disease (CeD) 

patients and non-celiac controls revealed two associated polymorphisms. Graphical 

representation of allelic association results obtained comparing CeD patients and non-

celiac controls homozygous for DR3-DQ2 and carrying only one copy of the A*1-B*8-

MICA*5.1-DRB1*0301-DQB1*0201-(B8-DR3). Results are represented as the –log (p-

value). 

Figure 2. Expression of the lncRNA HCG14 is slightly downregulated in duodenal 

epithelial cells of celiac patients. A) The CeD-associated SNP rs3130838 is located in 

an intergenic region in chromosome 6 and is in linkage disequilibrium (r2=1) with two 

SNPs, one located in the long non-coding RNA HCG14 (rs3135316) and the other in 

the TRIM27 coding gene (rs3135293). B) Relative HCG14 RNA expression levels in 

CD45+ immune cells purified from intestinal biopsies of non-celiac (Ctrl; n=6) and 

celiac (CeD; n=10) individuals. C) Relative HCG14 RNA expression levels in CD326+ 

intestinal cells purified from intestinal biopsies of non-celiac (Ctrl; n=6) and celiac 

(CeD; n=7). D) Relative HCG14 RNA expression in a set of human tissues and in the 

human colon cell line T84. Results are means ± SEM of 3 experimental replicates.E) 

Relative HCG14 expression in nuclear and whole extracts of T84 cells. Expression of 

Lnc13 and RPLPO was used as a control for subcellular fractions. Results are means ± 

SEM of 4 independent experiments. 

Figure 3. Celiac disease-associated SNP genotypes in HCG14 gene correlate with 

differential expression of NOD1 gene. A) Expression of NOD1 gene stratified by the 

genotype of a set of 8 SNPs located in the genomic region of HCG14. Results are means 

± SEM of 12 samples with homozygous genotype and 6 samples with heterozygous 
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genotype;*p<0.05; Student’s t test. B and C) Expression level of HCG14 (B) and NOD1 

(C) in siCTRL and siHCG14-transfected T84 intestinal cells. Results are means ± SEM 

of 3 independent experiment;*p<0.05; Student’s t test. 

 

LEGENDS OF SUPPLEMENTAL DIGITAL CONTENT 

Supplemental Digital Content 2. HCG14 and TRIM27 are not differentially 

expressed in whole intestinal biopsies of control and celiac individuals.  HCG14 (A) 

and TRIM27 (B) RNA expression was analyzed by RT-PCR and normalized by the 

housekeeping gene RPLO in intestinal biopsies of control (Ctrl; n=19-21) and celiac 

(CeD; n=16-20) individuals.  

Supplemental Digital Content 3. Short exposure to gliadin does not modify HCG14 

expression in intestinal cells.  T84 (A) and C2BBe1 (B) cells were exposed to of 

pepsin-trypsine-digested BSA or Gliadin for 4 hours. Expression level of HCG14 was 

assayed by RT-PCR and normalized by the housekeeping gene RPLPO. Results are 

means ± SEM of 3-6 independent experiments. 

 

 




