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ABSTRACT. Ulcerative colitis (UC) is an immune-related disease with
genetic predisposition. The aim of this study was to investigate the
association of three polymorphisms in the receptor for advanced glycation
end-products (RAGE) gene with UC risk in a Chinese population. This case-
control study involved 72 UC patients and 479 age- and gender-matched
healthy controls. Genotyping was performed using the polymerase chain
reaction-ligase detection reaction method. Data were analyzed using
the Haplo.stats program. There were no significant differences between
patients and controls in the allele/genotype distributions of rs1800624
(Paee = 0115 Py e = 0-20), 11800625 (P, = 0.16; P = 0.11), or
rs2070600 (P, = 0.37; P__ ... = 0.65). In addition, no positive haplotypes
were identified. To the best of our knowledge, the current study describes
polymorphisms of RAGE in Chinese UC for the first time. We found no
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association between RAGE polymorphisms and the development of UC in
the Chinese population.

Key words: RAGE; Polymorphism; Ulcerative colitis; Susceptibility;
Association study

INTRODUCTION

Ulcerative colitis (UC) is a chronic inflammation disorder of the large intestine and,
together with Crohn’s disease (CD), is referred to as inflammatory bowel disease (IBD). The
etiology and pathogenesis of UC are not fully understood currently. However, familial aggregation
and twin studies have reported that patients with UC carry strong genetic predisposition (Zheng
et al., 2003). Moreover, dozens of studies strongly suggest that UC results from a combination
of factors such as commensal bacteria, food antigens, immunologic factors, and multiple genetic
factors (Cho, 2008; Molodecky and Kaplan, 2010). In view of the importance of immunity in IBD,
IBD-susceptibility genes involved in immunity are attracting increasing attention from researchers
(Wang et al., 2014a,b).

The receptor for advanced glycation end-products (RAGE) is a member of the
immunoglobulin protein family of cell-surface molecules (Basta, 2008). It binds multiple structurally
diverse ligands, leading to the activation of several proinflammatory signaling pathways (Han et al.,
2011). Nowadays, RAGE is recognized as a pattern recognition receptor that is involved in several
pathophysiological processes associated with inflammation, such as diabetes complications
(Yan et al., 2008), arthritis (Foell et al., 2007), and CD (Dabritz et al., 2011). In addition, animal
model studies have suggested that RAGE plays an important role in innate defense mechanisms
(Liliensiek et al., 2004). A subsequent study reported convincing statistical evidence for a novel
functional single nucleotide RAGE polymorphism, -374T/A, which was the CD-susceptibility locus
in a German population (Dabritz et al., 2011). However, the role of RAGE polymorphisms in UC
susceptibility remains unclear. Therefore, in this study, we performed an analysis on three widely
evaluated polymorphisms (rs1800624, rs1800625, and rs2070600) of the RAGE gene and UC in
a Chinese Han population.

MATERIAL AND METHODS
Patients and control subjects

This was a hospital-based case-control study involving 72 sporadic UC patients and 479
healthy controls from the Chinese Han population recruited from the Department of Gastroenterology
of Ruijin Hospital, School of Medicine, Shanghai Jiaotong University, between January 2009 and
December 2011. All patients were diagnosed by senior physicians based on clinical, endoscopic,
radiological, and histopathological findings in accordance with previously established international
criteria (Ooi et al., 2010). All patients were followed-up for at least 1 year and registered with
an integrated clinical and epidemiological registry. Controls were randomly selected from healthy
people under routine health screening. The study was approved by the Research Ethics Committee
of Ruijin Hospital, Shanghai, China, and informed consent was obtained from each subject before
blood sampling.
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Genotyping

Blood samples (1 mL) were collected, and genomic DNA was extracted from white
blood cells using the TIANamp Blood DNA Kit (TianGen Biotech (Beijing) Co., Ltd., China).
Genotyping was conducted by the polymerase chain reaction-ligase detection reactions (PCR-
LDR) method using the ABI 9600 system (Applied Biosystems, Foster City, CA, USA) (Hu et
al., 2014; Wang et al., 2014c). Cycling parameters were as follows: 94°C for 2 min; 35 cycles
of 94°C for 20 s; 56°C for 20 s; 72°C for 40 s; and a final extension step at 72°C for 3 min.
Two probes to discriminate the specific bases and one common probe were synthesized. The
common probe was labeled at the 3'-end with 6-carboxy-fluorescein, and phosphorylated at
the 5'-end. The reaction conditions for LDR were: 94°C for 2 min; 30 cycles of 94°C for 30 s;
and 56°C for 3 min. After the reaction, 1 mL LDR products was mixed with 1 mL carboxy-X-
rhodamine (ROX) passive reference and 1 mL loading buffer, denatured at 95°C for 3 min,
and chilled rapidly in ice water. The fluorescent products of LDR were differentiated using ABI
sequencer 377 (Applied Biosystems).

Statistical analysis

Comparisons between UC patients and controls were conducted by unpaired Student
t-tests for continuous variables and by the y? test for categorical variables. To avoid gross
genotyping errors, all polymorphisms were checked for consistency with the Hardy-Weinberg
equilibrium on a contingency table of observed-versus-predicted genotype frequencies using
the Pearson y2 test or the Fisher exact test. Genotypes were compared by logistic regression
analysis under assumptions of additive, dominant, and recessive models of inheritance. Statistical
significance was defined as P < 0.05.

Haplotype frequencies were estimated using the haplo.em program, and odds ratios
(ORs) and 95% confidence intervals (Cls) were estimated by the haplo.cc and haplo.glm programs
according to a generalized linear model (Stram et al., 2003). Furthermore, haplo.score was used to
model an individual's phenotype as a function of each inferred haplotype, which was weighted by
their estimated probability to account for haplotype ambiguity. The haplo.em, haplo.glm, and haplo.
score programs were implemented using the Haplo.stats software (version 1.4.0) developed in the
R language (http://www.r-project.org/).

RESULTS
rs1800624 genotypes and alleles

The frequency of the rs1800624 A allele in patients and controls was 20.8 and 15.6% (2
= 2.57, P = 0.11), respectively (Table 1).

The distribution of rs1800624 genotypes in patients did not differ significantly from that of
controls (y2=2.73, P = 0.20). We failed to find significant associations between rs1800624 and UC
risk in the three genetic models (Table 1). The observed frequencies of the rs1800624 genotypes
and alleles were in Hardy-Weinberg equilibrium in both patients (32 = 0.18, P > 0.1) and controls
(x*=0.94,P>0.1).
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Table 1. Genotype distributions and allele frequencies of the polymorphisms studied between patients and
controls, and their risk prediction for UC under three genetic models of inheritance.

Polymorphism Patients (N = 72) Controls (N = 479) Py Genetic models OR (95%Cl)

rs1800624
T 46.0 343.0 Additive 1.41(0.92-2.18)
AT 22.0 123.0 0.20 Dominant 1.43 (0.85-2.40)
AA 4.0 13.0 Recessive 2.11 (0.67-6.65)
A (%) 20.8 15.6 0.11

rs1800625
T 52.0 353.0 Additive 1.43 (0.86-2.38)
CT 20.0 118.0 0.11 Dominant 1.63 (0.94-2.83)
cC 0.0 8.0 Recessive
C (%) 14.3 14.0 0.16

rs2070600
GG 48.0 303.0 Additive 0.82 (0.53-1.28)
AG 22.0 148.0 0.65 Dominant 0.86 (0.51-1.45)
AA 2.0 28.0 Recessive 0.46 (0.11-1.97)
A (%) 18.1 213 0.37

OR = odds ratio; 95%CI = 95% confidence interval.

rs1800625 genotypes and alleles

The frequency of the rs1800625 C allele in patients and controls was 14.3 and 14.0% (2
=2.57, P =0.11), respectively (Table 1). The frequency of the CC + CT genotype in patients was
slightly higher (27.8%) compared with controls (26.3%) (OR = 1.63; 95%CI = 0.94-2.83; Table
1). The presence of the rs1800625 C allele was not associated with susceptibility to UC (OR =
0.99; 95%CI = 0.60-1.65; Table 1). The observed frequencies of the rs1800625 genotypes and
alleles were in Hardy-Weinberg equilibrium in both patients (2= 1.6, P > 0.1) and controls (32 =
0.14,P>0.1).

rs2070600 genotypes and alleles

The allele and genotype distributions of rs2070600 are depicted in Table 1. The
frequency of the A allele in patients and controls was 18.1 and 21.3%, respectively. The
distribution of rs2070600 A genotypes in patients did not differ significantly from that of controls
(x? = 0.80, P = 0.37). Moreover, the rs2070600 A allele did not decrease the risk of UC (OR =
0.81; 95%CI = 0.52-1.28; Table 1). The observed frequencies of the rs2070600 genotypes and
alleles were in Hardy-Weinberg equilibrium in both patients (2 = 0.04, P > 0.1) and controls (%2
=1.37,P>0.1).

Haplotype analysis

Haplotype frequencies of the three polymorphisms examined were estimated and
compared between cases and controls (Table 2).

The frequency of haplotype T-A-T (in the order rs1800625, rs1800624, and rs2070600)
was lower in patients than in controls (18.1 vs 21.3%), whereas the frequency of haplotype T-G-A
was higher (20.8 vs 15.6%) in patients. After assigning the commonest haplotype T-G-T as the
reference, no haplotypes were identified as being associated with the risk of UC.

Genetics and Molecular Research 14 (4): 19242-19248 (2015) ©FUNPEC-RP www.funpecrp.com.br



Z.T. Wang et al. 19246

Table 2. Haplotype frequencies of the polymorphisms studied between patients and controls, and their risk
prediction for UC.

Haplotype* Case (%) Control (%) Hapscore P value Pn OR 95%ClI P value
T-G-T 47.2 49.2 -0.44 0.66 0.70 Reference

T-A-T 18.1 21.3 -0.86 0.39 0.35 0.90 (0.56, 1.44) 0.66
C-G-T 13.9 14.0 -0.03 0.97 0.91 1.05 (0.60, 1.82) 0.88
T-G-A 20.8 15.6 1.58 0.12 0.08 1.38 (0.87,2.21) 0.17

*Alleles in haplotype are reported in order of polymorphisms rs1800625, rs1800624, and rs2070600. P = simulated
P; OR = odds ratio; Cl = confidence interval.

DISCUSSION

RAGE is recognized as a pattern recognition receptor and is capable of binding to
numerous proinflammatory molecules, including S100 proteins (Foell et al., 2003). Previous data
have shown that RAGE and its ligands are highly hyperexpressed in the intestinal mucosa of
patients with IBD (Andrassy et al., 2006; Cirillo et al., 2009), indicating the role of RAGE and its
ligands in the augmentation of intestinal injury. Further studies have found that serum levels of
soluble RAGE (sRAGE) are higher in UC patients and correlate with disease activity (Yilmaz et
al., 2011). Moreover, the -374T/A RAGE polymorphism was negatively associated with CD in a
German population (Dabritz et al., 2011). Therefore, the RAGE gene is a logical candidate for
potential causative factors of IBD.

To the authors’ knowledge, this is the first study exploring the association between the
RAGE gene and genetic susceptibility to UC risk. In this study, we performed an analysis on three
widely evaluated polymorphisms (rs1800624, rs1800625, and rs2070600) of the RAGE gene and
UC in a Chinese Han population. We found a higher prevalence of the rs1800624 A allele in patients
compared with controls, and an elevated risk of UC in its presence. In contrast, there was a lower
prevalence of the rs2070600 A allele in patients compared with controls, and a reduction in the risk of
UC in its presence. However, since these differences were not statistically significant, we concluded
that these polymorphisms are not associated with the risk of UC in the Chinese Han population.
The three polymorphisms of RAGE have been widely studied in inflammatory and autoimmune-
related diseases. The rs1800624 and rs2070600 polymorphisms, located at positions -374 and
-429 of the promoter region, respectively, have been reported to increase the transcriptional activity
and protein expression of the RAGE gene in vitro. In addition, the -374A allele also influences the
binding affinity of the transcription factor (Hudson et al., 2001). Recently, Dabritz et al. (2011) found
that the -374T/A RAGE polymorphism was negatively associated with CD in a German population,
raising the hypothesis that the -374T/A RAGE polymorphism might increase the serum levels of
sRAGE to neutralize proinflammatory mediators. Another polymorphism (rs2070600, also known
as G82S) causes a glycine-to-serine substitution at position 82 within the V-domain, and is located
in exon 3, a region that plays a pivotal role in ligand binding. The G82S variant has been shown
to increase the ligand-binding affinity of the receptor (Hofmann et al., 2002; Osawa et al., 2007),
and consequently to increased nuclear factor-kB activation and inflammatory gene expression. In
addition, the G82S polymorphism is associated with reduced levels of SRAGE that in a number
of diseases increases the contribution made by RAGE to inflammation (Jang et al., 2007). The
G82S RAGE polymorphism is associated with arthritis (Hofmann et al., 2002). However, we failed
to find a significant association between the three polymorphisms and UC risk in the Chinese Han
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population. Given the relatively small sample size in this study, we acknowledge that confirmation
by large, well-designed studies is critical.

Moreover, it is widely believed that genetic markers of predisposition to IBD vary across
geographical and racial groups. As evidenced in our previous meta-analyses, the CD714 gene
C-260T polymorphism exhibited remarkable heterogeneity in terms of association with UC across
ethnic groups, with significance attained in Asians but not in Caucasians (Wang et al., 2012).
Therefore, further studies and biological research utilizing large sample sizes from different ethnic
origins should be carried out to verify this association.

Finally, interpretation of our results should be viewed in the light of several limitations.
First, the sample size in our study was relatively small, and may not have had sufficient statistical
power to detect a small genetic effect, resulting in a fluctuating estimation. Second, we only
revealed limited polymorphisms of the RAGE gene associated with susceptibility to UC; there
might be other unidentified polymorphisms that influence the development of UC. Furthermore,
we only centered on the RAGE polymorphisms and did not evaluate other genes. The question of
whether these polymorphisms when integrated with other risk factors enhance the predictive power
requires additional research. Thus, we must refrain from drawing a firm conclusion until large, well-
performed studies confirm or refute our results.

In summary, our results indicate that the RAGE polymorphisms are not significantly
associated with the risk of UC. Future studies on these polymorphisms in larger UC samples with
defined ethnicity could help to elucidate the role of the RAGE gene in UC susceptibility.

REFERENCES

Andrassy M, Igwe J, Autschbach F, Volz C, et al. (2006). Posttranslationally modified proteins as mediators of sustained
intestinal inflammation. Am. J. Pathol. 169: 1223-1237.

Basta G (2008). Receptor for advanced glycation endproducts and atherosclerosis: from basic mechanisms to clinical
implications. Atherosclerosis 196: 9-21.

Cho JH (2008). The genetics and immunopathogenesis of inflammatory bowel disease. Nat. Rev. Immunol. 8: 458-466.

Cirillo C, Sarnelli G, Esposito G, Grosso M, et al. (2009). Increased mucosal nitric oxide production in ulcerative colitis is
mediated in part by the enteroglial-derived S100B protein. Neurogastroenterol. Motil. 21: 1209-e112.

Dabritz J, Friedrichs F, Weinhage T, Hampe J, et al. (2011). The functional -374T/A polymorphism of the receptor for advanced
glycation end products may modulate Crohn’s disease. Am. J. Physiol. Gastrointest. Liver Physiol. 300: G823-G832.

Foell D, Kucharzik T, Kraft M, Vogl T, et al. (2003). Neutrophil derived human S100A12 (EN-RAGE) is strongly expressed during
chronic active inflammatory bowel disease. Gut 52: 847-853.

Foell D, Wittkowski H and Roth J (2007). Mechanisms of Disease: a ‘DAMP’ view of inflammatory arthritis. Nat. Clin. Pract.
Rheumatol. 3: 382-390.

Han SH, Kim YH and Mook-Jung | (2011). RAGE: the beneficial and deleterious effects by diverse mechanisms of actions.
Mol. Cells 31: 91-97.

Hofmann MA, Drury S, Hudson BI, Gleason MR, et al. (2002). RAGE and arthritis: the G82S polymorphism amplifies the
inflammatory response. Genes Immun. 3: 123-135.

Hu WG, Hu JJ, Cai W, Zheng MH, et al. (2014). The NAD(P)H: quinine oxidoreductase 1 (NQO1) gene 609 C>T polymorphism
is associated with gastric cancer risk: evidence from a case-control study and a meta-analysis. Asian Pac. J. Cancer
Prev. 15: 2363-2367.

Hudson BI, Stickland MH, Futers TS and Grant PJ (2001). Effects of novel polymorphisms in the RAGE gene on transcriptional
regulation and their association with diabetic retinopathy. Diabetes 50: 1505-1511.

Jang Y, Kim JY, Kang SM, Kim JS, et al. (2007). Association of the Gly82Ser polymorphism in the receptor for advanced
glycation end products (RAGE) gene with circulating levels of soluble RAGE and inflammatory markers in nondiabetic
and nonobese Koreans. Metabolism 56: 199-205.

Liliensiek B, Weigand MA, Bierhaus A, Nicklas W, et al. (2004). Receptor for advanced glycation end products (RAGE)
regulates sepsis but not the adaptive immune response. J. Clin. Invest. 113: 1641-1650.

Genetics and Molecular Research 14 (4): 19242-19248 (2015) ©FUNPEC-RP www.funpecrp.com.br



Z.T. Wang et al. 19248

Molodecky NA and Kaplan GG (2010). Environmental risk factors for inflammatory bowel disease. Gastroenterol. Hepatol. 6:
339-346.

Ooi CJ, Fock KM, Makharia GK, Goh KL, et al. (2010). The Asia-Pacific consensus on ulcerative colitis. J. Gastroenterol.
Hepatol. 25: 453-468.

Osawa M, Yamamoto Y, Munesue S, Murakami N, et al. (2007). De-N-glycosylation or G82S mutation of RAGE sensitizes its
interaction with advanced glycation endproducts. Biochim. Biophys. Acta 1770: 1468-1474.

Stram DO, Leigh Pearce C, Bretsky P, Freedman M, et al. (2003). Modeling and E-M estimation of haplotype-specific relative
risks from genotype data for a case-control study of unrelated individuals. Hum. Hered. 55: 179-190.

Wang L, Wang ZT, Hu JJ, Fan R, et al. (2014a). Polymorphisms of the vitamin D receptor gene and the risk of inflammatory
bowel disease: a meta-analysis. Genet. Mol. Res. 13: 2598-2610.

Wang L, Wang ZT, Zhang HX, Liu J, et al. (2014b). Association between STAT3 gene polymorphisms and ulcerative colitis
susceptibility: a case-control study in the Chinese Han population. Genet. Mol. Res. 13: 2343-2348.

Wang Z, Hu J, Fan R, Zhou J, et al. (2012). Association between CD14 gene C-260T polymorphism and inflammatory bowel
disease: a meta-analysis. PLoS One 7: e45144.

Wang ZT, Hu JJ, Fan R, Zhou J, et al. (2014c). RAGE gene three polymorphisms with Crohn’s disease susceptibility in Chinese
Han population. World J. Gastroenterol. 20: 2397-2402.

Yan SF, Ramasamy R and Schmidt AM (2008). Mechanisms of disease: advanced glycation end-products and their receptor in
inflammation and diabetes complications. Nat. Clin. Pract. Endocrinol. Metab. 4: 285-293.

Yilmaz Y, Yonal O, Eren F, Atug O, et al. (2011). Serum levels of soluble receptor for advanced glycation endproducts (SRAGE)
are higher in ulcerative colitis and correlate with disease activity. J. Crohns Colitis 5: 402-406.

Zheng CQ, Hu GZ, Zeng ZS, Lin LJ, et al. (2003). Progress in searching for susceptibility gene for inflammatory bowel disease
by positional cloning. World J. Gastroenterol. 9: 1646-1656.

Genetics and Molecular Research 14 (4): 19242-19248 (2015) ©FUNPEC-RP www.funpecrp.com.br



