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ABSTRACT 
 

Background: Inflammatory bowel disease (IBD), comprising Crohn's disease (CD) and 

ulcerative colitis (UC), are intestinal inflammatory disorders with a complex genetic 

background. Mice deficient for the runt-domain-transcription-factor3 (Runx3) develop 

spontaneous colitis. Human RUNX3 resides in an IBD-susceptibility locus. We studied the 

association of RUNX3 in a cohort of IBD patients and analyzed the interaction with 

SLC22A4/5. RUNX3 and OCTN1 mRNA expression was assessed in inflamed and 

noninflamed mucosa from patients and controls. 

Methods: 543 IBD patients (309 CD / 234 UC) and 296 controls were included. Four single 

nucleotide polymorphisms (SNPs) and 4 microsatellite markers were studied for RUNX3. Five 

SNPs (including SNP-207G→C and SNP1672C→T) were analyzed for SLC22A4/5. RUNX3, 

and OCTN1 expression in mucosal tissue from 30 patients (14 UC / 16 CD) and 6 controls 

were determined by quantitative polymerase chain reaction. 

Results: A significant association between RUNX3-SNP rs2236851 and UC (OR 1.61; 95% 

confidence interval [CI] 1.11–2.32, P = 0.020) was found. Carriership is associated with 

pancolitis (odds ratio [OR] 1.86; 95% CI 1.08–3.21). SLC22A4/5-SNPs rs272893 and 

rs273900 are associated with CD (OR 2.16; 95% CI 1.21–3.59 and OR 2.40; 95% CI 1.43–

4.05). We found epistasis for carriership of a risk-associated allele in RUNX3 and SLC22A4/5 

for UC patients versus CD patients (OR 3.83; 95% CI 1.26–11.67). RUNX3 mRNA 

expression is increased (P = 0.01) in inflamed colonic mucosa of UC patients compared to 

noninflamed mucosa and controls. 

Conclusions: We provide evidence for the genetic association of RUNX3 with UC and for 

CD with the IBD5 locus including SLC22A4/5. An epistatic effect of RUNX3 and SLC22A4 

was associated with an increased risk for UC. Our data suggest a role for RUNX3 in UC 

susceptibility. 

 

Keywords: Inflammatory bowel disease; Ulcerative colitis; Crohn's disease; Genetics; Runt-

related transcription factor 3; Transforming growth factor-β signaling; Solute carrier family 

22; Organic cation transporter 
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INTRODUCTION 

Chronic inflammatory bowel diseases (IBD), comprising Crohn's disease (CD) and ulcerative 

colitis (UC), are characterized by chronic relapsing inflammation of the gastrointestinal tract 

(1). The combined prevalence of CD and UC is estimated at 100–200/100,000 in developed 

countries (2). Concordance rates in twins and siblings suggest that a genetic predisposition 

contributes to the pathogenesis of IBD (3,4). By performing genome-wide linkage studies the 

NOD2 gene on chromosome 16 was identified as the first susceptibility gene for IBD (5). 

Recently, several novel associations have been identified by performing genome-wide 

association studies (6). Since the IBDs are complex genetic diseases with many different 

phenotypes, multiple genes are likely involved in different subsets of patients. 

Functional mutations in solute carrier family 22 members 4 and 5 (SLC22A4 and SLC22A5) 

on chromosome 5q31 (IBD5) encoding for the organic cation transporters 1 and 2 (OCTN1/2) 

have been reported to be associated with CD. The risk haplotype consisting of the mutations 

1672T→C in SLC22A4 and −207G→C in SLC22A5 had a higher frequency among CD 

patients (54%) than among controls (42%). An epistatic effect of the risk haplotype with the 

NOD2 gene was also reported (7,8). However, this has not been confirmed in a consecutive 

study (9). 

IBD candidate genes can also be selected from gene knockout studies in mice. Disruption of 

single genes in mice may lead to the development of spontaneous colitis or an increased 

sensitivity to chemically induced colitis, with similar phenotypes as observed for IBD. Mice 

that lack the Runt-related transcription factor 3 (Runx3) develop such a phenotype (10). 

RUNX3 forms the runt domain family of transcription factors with RUNX1 and RUNX2, 

which share the same highly conserved runt domain. RUNX3 is involved in T-cell 

differentiation and functions as a tumor suppressor gene in gastric cancer (11,12). It is highly 

expressed in dendritic cells (DCs), where it is involved in the transforming growth factor-β 

(TGF-β) signaling pathway. The RUNX proteins appear to have a potential role in 

autoimmune diseases like rheumatoid arthritis (RA), systemic lupus erythematosis, and 

psoriasis, although very little is known about how these transcription factors are involved in 

these disorders (13). The gene encoding for RUNX3 resides on the chromosomal region 1p36, 

which has been found to be a susceptibility locus for IBD (14,15). Moreover, RUNX3 and 

TGF-β are downregulated in peripheral blood cells of CD patients, which might suggest 

involvement of this pathway in the human pathogenesis of IBD (16). In view of these 

considerations RUNX3 seems a good candidate gene for susceptibility for IBD. More 

specifically, regarding the development of colitis in knockout mice, it might be associated 

with UC. 

Interestingly, a polymorphism in the RUNX binding site in SLC22A4 was linked to RA (17). 

Since this binding site is the same for all 3 members of the RUNX family, interaction between 

SLC22A4/5 and RUNX3 might be involved in IBD susceptibility. 

We studied a cohort of 543 IBD patients, from which a large part participated with family 

members to form trios, for association of RUNX3 and SLC22A4/5 with IBD. Genetic epistasis 
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between the 2 genes and separately with NOD2 was analyzed. In addition, in vitro data on 

RUNX3 and OCTN1 mRNA expression and immunohistochemical staining of RUNX3 in 

normal and inflamed colonic and ileal mucosa from patients with IBD are presented. 

 

MATERIALS AND METHODS 

Patients and Controls Genotyping Cohort 

 For the genetic association study a cohort of 

543 IBD patients (309 CD and 234 UC) from 

the University Medical Center Groningen was 

used (18). Diagnosis of IBD was established 

by accepted clinical, endoscopic, and 

histopathological criteria (1). DNA of both 

parents was available for 183 (108 CD and 75 

UC) patients. The nontransmitted haplotypes 

of each parent were used as a control. When 

DNA of a spouse was available, both 

haplotypes of the spouse were regarded as a 

control (n = 309). All patients and controls 

were of Caucasian descent. Patients with CD 

were phenotyped using the Vienna 

classification (19). Patients with UC were 

phenotyped according to disease localization 

(proctitis, left-sided, or pancolitis), 

extraintestinal manifestations, the 

development of malignancy, or the need for 

colectomy. Clinical characteristics of patients 

with CD and with UC are presented in Tables 

1 and 2, respectively. 

Genotyping and SNP Selection 

DNA was extracted from 20 mL EDTA-blood 

following standard procedures and was stored 

at −80°C. Primers to amplify the polymorphic 

loci were selected using Primer3 software (21). 

SNP genotyping and microsatellite marker 

polymerase chain reaction (PCR) were 

performed as described previously (18). 

Table 1. Clinical Characteristics of Patients 

with Crohn's Disease Included in the 

Genotyping Cohort 

Total number 309 

Sex (m/f) 108/201 

Age at diagnosis (year)  

Mean (range) 30.9 (6.7–73.9) 

Median 27.4 

Below 40 227 (73.5%) 

Follow-up (year)  

Mean (range) 11.9 (0.4–49.4) 

Median 9.0 

Disease localization  

Ileal 80 (25.9%) 

Colon 64 (20.7%) 

Ileocolon 165 (53.4%) 

Upper GI tract 24 (7.8%) 

Disease behavior  

Nonstricturing, 

nonpenetrating 
100 (32.4%) 

Stricturing 75 (24.3%) 

Penetrating 134 (43.3%) 

Peri-anal 89 (28.8%) 

Extra-intestinal 

manifestations 
43 (13.9%) 

Family history of IBD 65 (21.0%) 

History of surgical 

intervention 
186 (60.2%) 

Four SNPs were determined for RUNX3 (rs2236848, rs2282719, rs2236851, and rs742230). 

In addition, 4 microsatellite loci were found on the genomic sequence segment comprising the 

RUNX3 gene in the National Center for Biotechnology Information (NCBI) public database. 

These microsatellite markers are named RX3-01, RX3-02, RX3-03, and RX3-04 in the  
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present study. For SLC22A4/5 the previously 

described associated SNPs rs2631367 (207 

G→C) and rs1050152 (1672 C→G) were 

analyzed as well as the SNP disrupting the 

RUNX binding site rs3792876 and 3 

additional SNPs (rs272893 rs273900, and 

rs274551) (16,19) Details of all markers are 

given in Table 3. SNP rs274551 in SLC22A4 

appeared not to be in Hardy–Weinberg 

equilibrium in the control group and was 

excluded from further analysis. The 

percentage of unknown alleles due to PCR 

failure or inheritance errors was 1.8% for 

RUNX3 and 1.6% for SLC22A4/5. Data for the 

3 known mutations R702W, G908R, and 

1007fsinsC in NOD2 were available from a 

previous study (22) 

Patient and Controls mRNA Expression 

Mucosal tissue samples were obtained during 

endoscopy from 16 patients with active CD (3 

male, 13 female; mean age 40 years) and from 

14 patients with active UC (6 male, 8 female; 

mean age 48 years) and from 6 controls (5 

male; 1 female, mean age 41 years). The controls consisted of individuals referred for 

endoscopy for analysis of abdominal pain, without endoscopic and microscopic abnormalities 

at colonoscopy (20). Intestinal mucosal biopsy specimens were obtained from inflamed and 

noninflamed areas in the terminal ileum and the colon of patients with active disease. In 

controls, biopsies were obtained from the terminal ileum, ascending colon, transverse colon, 

and rectum. 

Table2. Clinical Characteristics of Patients 

with Ulcerative Colitis Included in the 

Genotyping Cohort 

Total number 234 

Sex (m/f) 122/112 

Age at diagnosis (year)  

Mean (range) 33.0 (20–46.0) 

Median 31.5 

Below 40 167 (71.4%) 

Follow-up (year)  

Mean (range) 13.7 (4.9–22.5) 

Median 11.9 

  

Disease localization*  

Proctitis 16 (6.8%) 

Left-sided 76 (32.5%) 

Pancolitis 120 (51.3%) 

Proctitis 39 (16.7%) 

Extra-intestinal 

manifestations 
39 (16.7%) 

Family history of IBD 50 (21.4%) 
*Data unavailable for 22 (9.4%) patients. 

RNA Isolation and Quantitative PCR 

Isolation of total RNA and conditions for quantitative PCR to determine mRNA expression 

have been described previously (20). RUNX3 and OCTN1 expression was determined using 

the assay-on-demand kit on the ABI PRISM 7700 (Applied Biosystems, Foster City, CA). 

Each sample was analyzed in duplicate. 18S levels were used as endogenous control. 

Immunohistochemical Staining 

Immunohistochemistry (IHC) was performed on inflamed and noninflamed ileal and colonic 

mucosal biopsies from CD and UC patients. Based on the results of the genetic association 

with RUNX3 SNP rs2236851, mucosal samples of IBD patients homozygous for the 

rs2236851 wildtype allele, homozygous for the rs2236851 mutant allele, as well as 

heterozygous patients were analyzed. Expression of the RUNX3 protein was detected using 
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the Rabbit polyclonal antibody to RUNX3 (ab11905, Abcam, Cambridge, UK). After 

deparaffinization antigens were retrieved by boiling for 15 minutes at 400 W in citrate buffer 

(pH 6.0), followed by successive rinses in phosphate-buffered saline (PBS). Endogenous 

peroxidase was inhibited by incubation of the tissue sections for 30 minutes at room 

temperature in 0.3% H2O2 diluted in PBS. The primary antibody was incubated for 1 hour. 

Secondary and tertiary antibodies were horseradish peroxidase (HRP) goat antirabbit followed 

by HRP rabbit antigoat (both 1/50 in 1% bovine serum albumin [BSA] in PBS, with 1% 

normal human sera; Dako, Heverlee, Netherlands). Antibody binding was detected by 3,3-

diaminobenzidine (Sigma, Zwijndrecht, Netherlands). 

Statistical Methods 

After genotyping, Hardy–Weinberg equilibrium was tested among the unrelated unaffected 

individuals of the sample and inheritance errors were determined. If a marker showed 

deviation from Hardy–Weinberg equilibrium or the fraction of erroneous inheritance 

Table 3. Marker Data for Genetic Analysis for RUNX3 and SLC22A4/5 

Marker MS/SNP Position Type  

RUNX3     

RX3-01 MS −75 kb (CA)n FP:GAGCAAGATCCTGCCACTACA

    RP: ATATGCCCTGTTGTCCCTCT 

RX3-02 MS −12 kb (CA)n FP: GCCAAGGGCATCACTAGGTA 

    RP: CAGGGGTCACGAATATCCAG 

rs2236848 SNP  G→A  

rs2282719 SNP  T→G  

rs2236851 SNP  G→A  

RX3-03 MS Intra 20kb (TTCA)n FP: ACCAAGCTGAAAATGCCTTG 

    RP: TCTGGTCCATCAAAGCGAGT 

rs742230 SNP  C→T  

RX3-04 MS +30 kb (CATC)n FP: AATCGTCAGCCCATTCATTC 

    RP: CATTGCTGCCCCTCACTACT 

SLC22A4/5     

rs3792876 SNP  C→T  

rs2728932 SNP  C→T  

rs1050152 SNP  1672 G→C  

rs273900 SNP  C→T  

rs2631367 SNP  −207 G→C  

MS, microsatellitemarker; SNP, single nucleotide polymorphism; FP, forward primer; RP, 

reverse primer. 
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exceeded 5%, the marker was discarded from further analyses. Allele frequencies in patients 

and controls were tested for association using the chi-square test or the Fisher's exact test 

when appropriate. Odds ratios (ORs) and 95% confidence intervals (CI) were estimated using 

binary logistic regression (SPSS v. 14.0.2, Chicago, IL). Binary logistic regression was also 

used to determine gene–gene interaction effects with inclusion of the main effects of each 

gene in the model. As our sample includes a large number of patients and family members, 

haplotypes could be constructed. For haplotype analysis 403 trios or duos were available. 

Differences between the haplotypes of patients and the control haplotypes were analyzed by 

Haplotype Sharing Statistics (HSS), which analyzes length of haplotype similarity. The 

validity of this method has been demonstrated elsewhere (18, 23). Frequencies of haplotypes 

of SNPs were estimated by the expectation-maximization (EM)-algorithm and differences 

between patients and controls were analyzed by means of the likelihood ratio test. As a test of 

linkage disequilibrium (LD) in order to prove the presence of conserved haplotypes, the D′ for 

multi-allelic markers was used. The significance of the observed D′ value was determined by 

the fraction of 10,000 randomizations (for which alleles were randomly redistributed over the 

haplotypes independently for all loci) that revealed a larger D′ value than the observed one. A 

multiple testing correction was performed for the number of subgroups of patients using a 

Bonferroni correction. This applies not only to the P-values but also to the confidence 

intervals of the OR. For allele, genotype, and haplotype associations, all patients were 

included. For the HSS, which requires phase to be derived, only those with at least 1 

participating family member were used. In trios consisting of the patients and both parents (n 

= 183), association was also examined by the transmission/distortion test (TDT). 

A 2-sided T-test was used to compare levels of mRNA expression in the mucosal biopsies. 

Ethical Considerations 

The study was approved by the institutional ethics review committee of the University 

Medical Centre Groningen, the Netherlands, and all patients gave informed consent. 

 

RESULTS 

Genetic Association of RUNX3 and SLC22A4/5 

The results of the case–control analysis and TDT are summarized in Table 4.  

RUNX3: SNP rs2236851 was associated with UC (P = 0.020, OR 1.61; 95% CI 1.11–2.32). 

The T-allele was present in 40.2% of the UC patients compared to 29.5% of the controls and 

33.8% of CD patients. This association was confirmed by TDT (allele T was 34 times 

transmitted and 14 times not transmitted, P = 0.004) and HSS (P = 0.012). On subgroup 

analysis rs2236851 was associated with pancolitis, both in allelic association testing (P = 

0.032; OR 1.86; 95% CI 1.08–3.21) and TDT (P = 0.0085) and a tendency to association with 

an early age of onset (P = 0.069; OR 1.59; 95% CI 0.98–2.57; TDT P = 0.013). No 

association was observed for RUNX3 with CD. However, on subgroup analysis microsatellite 

marker RX-02 was associated with colonic localization of CD (P = 0.022) and RX3-01 was 

associated with an early age of onset (P = 0.039) and ileocolonic localization (P = 0.026). All  
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Table 4. Genetic Analysis for RUNX3 and SLC22A4/5 in 543 IBD Patients (309 CD and 234 

UC) and 309 Controls (P-value) 

Crohn's Disease Ulcerative Colitis 
Marker 

CCA CCG TDT CCA CCG TDT 

RUNX3       

RUNX-01 0.51 0.04 0.49 0.17 0.49 0.25 

RUNX-02 0.26 0.36 0.56 0.82 0.77 0.87 

rs2236848 0.14 0.44 0.003 0.09 0.21 0.90 

rs2282719 0.37 0.71 0.11 0.35 0.37 0.23 

rs2236851 0.54 0.30 0.20 0.02 0.047 0.004 

RUNX-03 0.63 0.85 0.55 0.41 0.92 0.46 

rs742230 0.91 0.73 0.14 0.12 0.33 0.28 

RUNX-04 0.19 0.55 0.79 0.88 0.56 0.44 

SLC22A4/5       

rs3792876 0.29 0.14 1.00 0.87 0.85 0.78 

rs272893 0.05 0.008 0.76 0.41 0.48 0.63 

rs1050152 0.27 0.20 0.70 0.54 0.36 0.74 

rs273900 0.04 0.004 0.76 0.16 0.14 0.14 

rs2631367 0.21 0.23 0.23 0.81 0.45 0.91 

CCA, case control analysis alleles; CCG, case control analysis genotypes; TDT, transmission 

distortion testing. 

 

markers for RUNX3, except for all pairs with intragenic marker RX3-03 and the pairs RX3-02 

with rs2236851 and rs2236848 with RX3-04, were in LD with each other. For all other 

combinations, the P-value of the observed values of D′ obtained by randomization were 

smaller than 0.05 and for the SNP combinations even smaller than 0.003, implying strong LD 

within the gene. 

SLC22A4/5: Allelic association analysis showed that rs273900 was associated with CD (P = 

0.40; OR 2.40; 95% CI 1.43–4.05). Genotype association analysis revealed that both 

rs273900 and rs272893 were associated. (P = 0.008 and 0.004 respectively). For homozygotes 

the ORs for CD were 2.16 (1.21–3.59) for rs272893 and 2.40 (1.43–4.05) for rs273900 

compared to controls. Heterozygotes were not at increased risk. Both SNPs were associated 

with an age of onset >40 years (P = 0.0016/0.0007), ileocolonic localization (P = 

0.006/0.002), upper gastrointestinal (GI) tract localization (P = 0.007/0.003), nonstricturing, 

nonpenetrating behavior (P = 0.020/0.011), and extraintestinal manifestations (P = 0.001 and 

<0.001). These SNPs are almost in complete LD with each other (r2 = 0.97). The TDT 

revealed no significant distortion to UC patients or to CD patients in general for either SNP. 
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Haplotype association analysis supported the results found by single locus association, but did 

not show higher levels of significance. We did not find any association for the previously 

identified SNP rs2631367 and SNP rs1050152 with CD, UC, or any subgroup of CD. The risk  

haplotype TC described by Peltekova et al8 was observed in our population in 41.1% of CD 

patients, 45.9% of UC patients, and 44.4% of controls. All SNPs in SLC22A4/5 were in strong 

LD with each other. For all combinations of SNPs, the P-value of the observed values of D′ 

obtained by randomization were smaller than 0.001. 

Interaction of RUNX3, SLC22A4/5, and NOD2 

Among patients with homozygosity for 1 or both associated SNPs rs272893 or rs273900 in 

SLC22A4, 14 out of 25 UC patients (56%) were carriers of rs2236851 in RUNX3 compared to 

14 out of 51 (27.5%) of CD patients and 8 out of 26 (30.8%) of controls. Binary logistic 

regression analysis revealed an OR of 3.83 for UC patients versus CD patients to carry the 

combination of homozygosity for allele A at rs272893 and/or allele T at rs273900 (i.e., risk 

factor for CD) and carriership of allele T at rs2236851 (i.e., risk factor for UC) (P = 0.018; 

95% CI 1.26-11.67) (Table 5). No difference was observed between IBD patients and controls 

(OR = 1.05; 95% CI 0.38–2.86). No significant interaction was found for the associated SNP 

rs2236851 in RUNX3 and SNP rs3792876 that disrupts the RUNX binding site in OCTN. No 

evidence for epistasis of NOD2 with SLC22A4/5 or for NOD2 with RUNX3 was found in IBD, 

UC, or CD or in subsets of UC or CD patients. 

RUNX3 and OCTN1 mRNA Expression in Inflamed and Noninflamed Intestinal 

Mucosa 

RUNX3 and OCTN1 mRNA expression in the colon and ileum of healthy controls is 

presented in Figure 1a,b, respectively. RUNX3 mRNA expression is evenly distributed 

throughout the colon and the ileum. OCTN1 expression is higher in the ileum compared to the 

colon (P < 0.00001), while the expression level is constant throughout the colon. 

Expression levels of RUNX3 mRNA in inflamed colonic mucosa of CD and UC patients were 

increased compared to controls (Fig. 2a). This difference was not observed in inflamed ileal 

Table 5. Binary Logistic Regression Analysis for Interaction of RUNX3 and SLC22A4/5 

 P-value OR 95% C.I. 

SLC22A4/5 and RUNX3ab 0.018 3.83 1.26–11.67 

SLC22A4/5a 0.0082 0.36 0.17–0.77 

RUNX3b 0.73 1.07 0.72–1.61 

Output of the binary logistic regression analysis for interaction of RUNX3 and SLC22A4/5 in 

ulcerative colitis (UC) versus Crohn's disease (CD) showing an increased risk for UC in 

patients who have homozygosity for SLC22A4/5 Allele A at rs272893 and/or SLC22A4/5 

allele T at rs273900 together with carriership of RUNX3 allele T at rs2236851. Significance is 

corrected for multiple testing. 
a SLC22A4/5 defined as homozygosity for the risk allele of rs272893 and/or rs273900. 
b RUNX3 defined as carrying the risk allele of rs2236851. 
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mucosa in CD patients compared to 

controls. RUNX3 expression levels are 

increased in inflamed colonic mucosa 

compared to noninflamed colonic 

mucosa in UC patients (P = 0.01). 

OCTN1 expression is decreased in 

inflamed colonic mucosa compared to 

noninflamed colonic mucosa, although 

this was not statistically significant (P = 

0.08) (Fig. 2b). In CD, RUNX3 is 

upregulated in inflamed intestinal 

mucosa (ileal and colonic localization 

combined) compared to noninflamed 

mucosa (P = 0.04), while OCTN1 is 

downregulated (P = 0.008). 

Figure 1. Expression of RUNX3 (a) and OCTN1 

(b) mRNA quantified by real-time RT-PCR. 

RUNX3 expression is evenly distributed 

throughout the colon and the ileum. OCTN1 

expression is increased in the ileum compared to 

the colon (P < 0.00001). Total RNA was isolated 

from biopsies from colonic and ileal tissue from 

6 controls. Relative expression levels (ΔCt) were 

normalized to 18S. Data are expressed as means 

± SD. Asc, ascending colon; Trans, transverse 

colon. 
 

RUNX3 Immunohistochemical 

Staining 

RUNX3 IHC analysis is summarized in 

Figure 3. Strong nuclear staining was 

observed in T-lymphocytes in the 

subepithelial layer. The staining pattern 

was similar in the small and large 

intestine with an increase of 

subepithelial lymphocytes during 

inflammation. RUNX3 is not expressed 

in the epithelium of the large or small 

intestine. We could not observe any 

difference in staining patterns between 

patients homozygous for the rs2236851 

wildtype allele, homozygous for the 

rs2236851 mutant allele, and 

heterozygous patients.  

 

DISCUSSION 

In this study we applied a candidate gene approach to analyze the genetic association between 

the genes RUNX3 and SLC22A4/5 with IBD, UC, CD, or subsets of CD and UC. 

This is the first report showing an association of genetic variations in RUNX3 with UC. 

Carriership of the T-allele of SNP rs2236851 was associated with UC, which was supported 

by TDT and HSS. The association was most significant for extensive UC. 
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Figure2. Expression of RUNX3 (a) and 

OCTN1 (b) mRNA quantified by RT-

PCR. RUNX3 mRNA is increased in 

inflamed colonic mucosa compared to 

noninflamed mucosa in UC (P = 0.01) 

and in CD (not significant). RUNX3 

mRNA is not increased in inflamed ileal 

mucosa compared to noninflamed ileal 

mucosa in CD. OCTN1 mRNA is 

decreased (but not statistically 

significant) in inflamed colonic mucosa 

compared to inflamed colonic mucosa 

in UC and CD and in inflamed ileal 

mucosa compared to noninflamed ileal 

mucosa in CD. Total RNA was isolated 

from biopsies from uninflamed and 

inflamed colonic or ileal tissue from 30 

IBD patients (14 UC and 16 CD) and 6 

controls. Relative expression levels 

(ΔCt) were normalized to 18S. Data are 

expressed as means ± SD. 

 

As a TGF-β1 target, the RUNX3 protein is involved in TGF-β1-mediated inhibition of T-cell 

proliferation and differentiation, as well as downregulation of macrophage activation and 

dendritic cell maturation. The important role of adequate TGF-β1 signaling is apparent in 

TGF-β1 knockout mice, which die soon after birth. Transgenic mice expressing dominant 

negative TGF-βRII chains that are unresponsive to TGF-β1 signaling develop severe colitis 

and pulmonary inflammation (24,25). Furthermore, Runx3 knockout mice developed indolent 

non-UC characterized by epithelial hyperplasia, leukocyte infiltration, formation of B cell 

clusters, and increased production of IgA. 

Endoscopically and histologically inflamed colonic mucosa of wildtype RUNX3 patients 

showed upregulated RUNX3 mRNA expression compared to noninflamed colonic mucosa of 

the same patient or controls. In contrast, inflamed ileal mucosa did not show an upregulated 

RUNX3 mRNA, suggesting region-specific upregulation that corresponds with the 

association of RUNX3 SNP rs2236851 with UC. 

RUNX3 or mislocalization of the protein into the cytoplasm, as observed in gastric cancer, 

which can both result in decreased activity of RUNX3 (28). Confirmation in an independent 
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cohort of the association for RUNX3 with 

UC is needed and whether this particular 

SNP has a causative role in UC 

susceptibility or is in LD with other 

functional mutations in the RUNX3 gene 

needs further investigation. 

SNP rs2236951 is located in an intron of 

the RUNX3 gene and at present it is unclear 

how this may be related to UC 

susceptibility. This is, however, not a 

unique finding, since an intronic SNP in 

RUNX1 has previously been shown to be 

associated with RA (17). Furthermore, 

several studies have reported that important 

transcriptional regulatory elements are 

located in intronic regions (26). Involved 

mechanisms might be hypermethylation of 

the promoter region of RUNX3 or 

mislocalization of the protein into the 

cytoplasm, as observed in gastric cancer, 

which can both result in decreased activity 

of RUNX3 (28). Confirmation in an 

independent cohort of the association for 

RUNX3 with UC is needed and whether 

this particular SNP has a causative role in 

UC susceptibility or is in LD with other 

functional mutations in the RUNX3 gene 

needs further investigation. 

Endoscopically and histologically inflamed 

colonic mucosa of wildtype RUNX3 

patients showed upregulated RUNX3 

mRNA expression compared to noninflamed colonic mucosa of the same patient or controls. 

In contrast, inflamed ileal mucosa did not show an upregulated RUNX3 mRNA, suggesting 

region-specific upregulation that corresponds with the association of RUNX3 SNP rs2236851 

with UC.  

Figure 3. RUNX3 immunohistochemical 

staining. Strong nuclear staining is observed 

in T-lymphocytes in the subepithelial layer. 

The staining pattern was similar in the small 

and large intestine with an increase of 

subepithelial lymphocytes during 

inflammation. RUNX3 is not expressed in 

the epithelium of the large or small intestine. 

We could not confirm the association of the previously described TC-risk haplotype in 

SLC22A4/5 with CD.8. However, we did find an association for SNPs rs272893 and rs273900 

with CD. This effect was even more obvious in CD patients with an early age of onset, 

ileocolonic localization, nonstricturing, nonpenetrating behavior, extraintestinal 

manifestations, and, although the numbers are small, also with upper GI tract localization. 
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This finding supports the evidence that the SLC22A4/5 variants are potential candidate genes 

for IBD susceptibility. However, due to the high degree of LD in the IBD5 locus it remains to 

be determined whether SLC22A4/5 are responsible for CD susceptibility or that they are in 

strong LD with other truly causative genes (29) 

The interaction of a member of the RUNX family and SCL22A4 in patients with RA is 

intriguing (17). Therefore, we also analyzed the previously described SNP disrupting the 

RUNX binding site in SLC22A4. We did not find evidence for an association of this particular 

SNP with CD or UC susceptibility. However, carriership of 1 of the risk-associated alleles of 

RUNX3 in combination with 1 of the risk-associated alleles of SLC22A4/5 showed an 

increased risk for having UC compared to CD (OR 3.83). Nevertheless, it is difficult to 

understand that, while SLC22A4/5 is associated with CD and RUNX3 with UC, the 

association shifts to an increased risk for UC when both risk alleles are present. Contrary to 

previous observations reporting epistasis for the 1p locus, where RUNX3 resides, and IBD1, 

the locus of NOD2, no interaction could be found of RUNX3 with NOD2 (15). We did not 

find the previously described epistasis between SLC22A4/5 and NOD2(8). 

Transport proteins such as multidrug resistance protein 1 (MDR1) and OCTN have been 

implicated in susceptibility to IBD. Both MDR1 and SLC22A4 genes have RUNX binding 

sites in their promoter regions. An intronic SNP in an RUNX1 binding site of SLC22A4 

resulted in a stronger suppression of OCTN expression (17). Furthermore, RUNX3 is capable 

of suppressing MDR1 (30). We showed a correlation between upregulated RUNX3 and 

downregulated OCTN in colonic but not in ileal tissue. In addition to mutations in SLC22A4 

and MDR1 genes, RUNX mutations might further decrease tissue-specific expression of these 

susceptibility genes, indicating that a gene (SLC22A4/5, MDR1) with a susceptibility variant 

for IBD and a regulatory molecule (RUNX) with an allelic different binding for this 

susceptibility variant might further increase the risk of disease. 

In summary, we provide evidence for the genetic association of RUNX3 with UC. 

Furthermore, genetic association for CD with the IBD5 locus including SLC22A4/5 was 

confirmed, although this involved 2 other SNPs than previously described. An epistatic effect 

of RUNX3 and SLC22A4 was associated with an increased risk for UC. Our data, combined 

with the increasingly recognized role of RUNX3 in autoimmunity, suggest an important role 

for RUNX3 in UC susceptibility. Functional assays for RUNX3 activity are required to clarify 

the role of RUNX3 mutations in the development of UC. 
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