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Barrett’s esophagus associates with a variant of IL23R gene
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Gastroesophageal reflux disease is regarded as a spectrum of diseases: non-erosive reflux disease 
(NERD), erosive reflux disease (ERD), and the far end of the spectrum represented by patients 
with Barrett’s esophagus. Among predisposing factors, both risk and protective polymorphic vari-
ants of several genes may influence the clinical outcomes of reflux disease. Consequently, differ-
ent molecular mechanisms are likely to underlie the development of clinical variants of reflux 
disease. Ninety six patients with reflux disease were screened for polymorphisms of CARD15, 
SLC22A4 (OCTN1), SLC22A5 (OCTN2), DLG5, ATG16L1 and IL23R genes which had previously 
been found to associate with immune-mediated chronic inflammatory disorders. While none of 
the polymorphisms were associated with NERD or ERD, the 1142G/A variant of the IL23R gene 
was found to be a risk variant in Barrett’s esophagus patients. The IL23/IL23R pathway may mo-
dulate STAT3 transcriptional activity which is an essential regulator not only of immune-medi-
ated inflammation, but also of inflammatory-associated apoptosis resistance. Although the mecha-
nisms of metaplastic transition of inflamed squamous epithelium are undetermined as yet, our 
findings suggest potential involvement of alternations in the IL23/IL23R pathway as a molecular 

background of Barrett’s esophagus development.
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INTRoDuCTIoN

Barrett’s esophagus is a complex multifacto-
rial disease that results from molecular and cellular 
adaptation processes to environmental factors mod-
ulated by as yet undetermined genetic determinants. 
Environmental factors involved in the development 
of Barrett’s esophagus are relatively well-defined 
and related mainly to stress conditions induced by 
gastroesophageal reflux components, such as hy-
drochloric acid, peptidases, lipases, and bile acids. 
Chronic exposure of esophageal mucosa to these 
noxious factors can lead to inflammation of mu-
cosa coated with squamous epithelium which pro-
gresses from mild forms (non-erosive reflux disease 
— NERD), through intermediate forms (erosive re-
flux disease — ERD) to advanced forms of Barrett’s 
esophagus. Barrett’s esophagus is characterized by 

the replacement of squamous epithelium with spe-
cialized intestinal metaplastic mucosa. The clinical 
relevance of Barrett’s metaplasia comes from the fact 
that it represents a well-defined precursor lesion of 
esophageal adenocarcinoma.

The metaplastic transition of inflamed squa-
mous epithelium depends on the induction of un-
defined pathways of organogenesis in the adult 
esophagus (Krishnadath, 2007). However, the funda-
mental question regarding gastroesophageal reflux 
disease patients is why only a subset of patients un-
dergoes progression to Barrett’s esophagus. We have 
recently shown that tissue samples from normal, 
non-metaplastic and non-erosive squamous epithe-
lium from NERD, ERD and Barrett’s esophagus pa-
tients exhibit two different patterns of gene expres-
sion (Ostrowski et al., 2006). Consequently, NERD 
and Barrett’s esophagus, with molecularly divisible 
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conditions, may be regarded as two different vari-
ants of gastroesophageal reflux disease, while ERD 
remains heterogeneous, characterized by a transcrip-
tional pattern similar to either NERD or Barrett’s 
esophagus. Our findings indicated that progression 
in squamous epithelium inflammation may depend 
on coordinated changes in mucosal gene expression. 
Moreover, we speculated that these changes are de-
termined by genetic predisposition that contributes 
to disease susceptibility.

Studies of gastroesophageal reflux disease 
have indicated a gender bias with NERD and Bar-
rett’s esophagus; while NERD is the dominant form 
of gastroesophageal reflux disease in female patients, 
Barrett’s esophagus is observed more often in males. 
Similar sexual bias was also observed in disorders 
related to aberrant autoimmune response, and there-
fore genes related to the regulation and execution of 
inflammatory processes are candidates for screening 
in genotype-phenotype association studies.

Inflammation is mediated and modulated by 
interleukins (ILs) modulated by interleukins (ILs) 
(Koj & Jura, 2003). Several studies of Barrett’s esoph-
agus genetic predisposition have identified both risk 
and protective polymorphic variants of several genes 
involved in disease susceptibility. These include 
functional polymorphisms of the IL1R and IL10 
genes and variants of genes encoding enzymes, such 
as GSTP1 and NQO1 (Gough et al., 2005; di Martino 
et al., 2007; Kala et al., 2007). Several of these find-
ings have not been confirmed by other studies (Mur-
phy et al., 2007).

This study shows for the first time that a vari-
ant of IL23R is associated with Barrett’s esophagus 
patients.

MATERIALS AND METhoDS

The study included 96 patients with gastro-
esophageal reflux disease and 139 healthy volun-
teers (74 men, range of 21–66 years old, median 
32) recruited from hospital staff, medical students, 
and healthy subjects selected for screening colon-
oscopy. Patient characteristics are presented in Ta-
ble 1. All patients and controls were Polish Cauca-
sians. The study was approved by the local ethics 
committee, and all the participants provided ap-
propriate consent.

Genomic DNA was extracted from whole 
blood treated with EDTA using the NucleoSpin 
Blood Quick Pure kit (Macherey-Nagel, Germa-
ny), following the manufacturer’s protocol. The 
selected polymorphisms of genes were as fol-
lows: CARD15 — rs2066842 (Pro268Ser), rs2066844 
(Arg702Trp), rs2066845 (Gly908Arg), rs5743293 
(1007fs); SLC22A4(OCTN1), — rs1050152 (Leu-
503Phe), SLC22A5 (OCTN2) — rs2631367 (–207G>C); 
DLG5 — rs1248696 (Arg30Gln); ATG16L1 rs2241880 
(Thr300Ala); IL23R — rs11209026 (Arg381Gln), 
rs1884444 (His3Gln), rs10889677 (exon-3’ UTR).

Genotyping was carried out using TaqMan 
SNP Genotyping Assays (Applied Biosystems, Foster 
City, CA, USA). The PCR reactions were performed 
in 96-well plates on the ABI PRISM 7000 Sequence 
Detection System (SDS) (Applied Biosystems), and 
fluorescence was acquired and analyzed for allelic 
discrimination using the ABI Prism 7000 SDS Soft-
ware.

The frequency distribution of alleles, geno-
types, and haplotypes was compared using stan-
dard or Yates corrected χ2 test and Fisher’s exact test 
when appropriate. Statistical significance threshold 
level was Bonferroni corrected for multiple hypoth-
esis testing, according to the number of genes tested. 
The p-value significance threshold level was defined 
as 0.008. For the Fisher’s exact tests, the STATIS-
TICA software was used. ORs with 95% confidence 
intervals (95% CI) were calculated using a calculator 
available at http://www.hutchon.net/ConfidOR.htm. 
LD analysis and calculation of the Hardy-Weinberg 
equilibrium were performed using the Haploview 
v.3.2 software, available at http://www.broad.mit.
edu/mpg/haploview/. 

RESuLTS

In the studied groups, genotype distributions 
for all polymorphisms were in Hardy-Weinberg 
equilibrium (p > 0.05). None of the polymorphisms 
were significantly associated with the reflux disease 
patients (not shown) except for one variant of the 
interleukine-23 receptor (IL23R) gene. This coding 
variant (1142G/A; Arg381Gln; rs11209026) showed 
a weak association with gastroesophageal reflux 
disease patients (OR = 3.49; 95% CI = 1.37–8.90; 
p = 0.011), although the p-value did not pass the Bon-

Table 1. Characteristics of studied 96 patients

Non-erosive reflux disease Erosive reflux disease Barrett’s esophagus
No. of patients (males) 30 (3) 32 (16) 34 (30)
Age, median (range) 50 (19–74) 55 (26–73) 57 (29–78)
Body mass index, median 26.5 28.6 26.1
(Ex-) Smokers, n (%) 14 (47) 19 (59) 20 (59)
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ferroni corrected significance threshold level of 0.008 
(Table 2). However, when the polymorphism was 
examined separately in NERD, ERD and Barrett’s 
esophagus subgroups and compared to the group 
of healthy controls, a significant association was 
found with Barrett’s esophagus (OR = 6.79; 95% CI 
= 2.31–19.90; p = 0.0007) but not with NERD or ERD 
(Table 2). None of the subjects was homozygous for 
the AA genotype. The frequencies of the two more 
frequent variants of IL23R, rs1884444 (His3Gln) and 
rs10889677 (exon-3’ UTR), were similar among the 
studied patient groups and the group of healthy 
controls. 

DISCuSSIoN

The IL23R gene is located on chromosome 
region 1p31, and encodes a subunit of the IL23 re-
ceptor. Several genetic non-coding variants of IL23R 
demonstrated independent risk association with 
chronic inflammatory disorders, such as inflammato-
ry bowel disease (Duerr et al., 2006), psoriasis, T-cell-
mediated inflammatory disease of the skin (Cargill 
et al., 2007), and ankylosing spondylitis (Burton et 
al., 2007), and the investigated variant (Arg381Gln, 
A allele of rs11209026) was considered a protec-
tive polymorphism (less frequently observed in pa-
tients than in controls) (Duerr et al., 2006; Glas et al., 
2007). In contrast, our study showed the A allele of 
rs11209026 to be a risk variant.

Inflammation can be modulated by immune 
and non-immune systems, and immune responses 
are dependent on both innate and adaptive immu-
nity. The mucosal immune response may be driven 
by an imbalance in cytokine signals that activates 
the STAT family factors (Musso et al., 2005). Induc-
tion of STAT3 transcriptional activity by IL23 and 
IL6 differentiates a subset of adaptive pro-inflam-
matory Th17 cells, effectors of immune response. 
These cells produce pro-inflammatory cytokines, 
such as IL17A, IL17F, IL19, IL20, IL22, IL24 (Chan et 
al., 2006; Iwakura & Ishigame, 2006; Yen et al., 2006; 

Zheng et al., 2007). While the IL23/IL23R pathway is 
thought to be involved in the etiology of various au-
toimmune-related disorders (Hue et al., 2006; Yen et 
al., 2006; Lubberts, 2007; Glas et al., 2007), the expo-
sure of esophageal mucosa to low pH and bile acids 
in Barrett’s esophagus leads to activation of STAT3 
by IL6 (May et al., 2003; Yang et al., 2007). In turn, 
activated STAT3 may modulate antiapoptotic cel-
lular reactions in Barrett’s metaplasia. Thus, STAT3 
is not only considered an essential regulator of im-
mune-mediated inflammation (Yang et al., 2007), but 
also as an inflammatory-associated apoptosis resis-
tance factor (Dvorak et al., 2007).

We recently applied microarray analysis to 
identify several genes differentially expressed be-
tween Barrett’s metaplasia and squamous epithe-
lium samples obtained from Barrett’s esophagus 
patients (Ostrowski et al., 2007). Among them, a 
substantial fraction of genes were overrepresented 
in Barrett’s metaplasia and could be assigned to 
functional categories related to the inflammatory re-
sponse (i.e.: “immune response” and “inflammatory 
response”), as defined by Gene Ontology (Supple-
mentary data and all MIAME complement micro-
array data are available at http://gastrolab.coi.waw.
pl/barrett/). Among those genes, IL22R was over-ex-
pressed, while IL17RC, IL12A (p35), IL6R and IL6ST 
(interleukin 6 signal transducer; gp130, oncostatin 
M receptor) were under-expressed in Barrett’s meta-
plasia. Interestingly, although the STAT3 and PIAS3 
(STAT3 inhibitor) genes were downregulated in 
Barrett’s metaplasia (Ostrowski et al., 2007), earlier 
immunohistochemical analyzes showed that nuclei 
of dysplastic Barrett’s metaplasia exhibited activated 
STAT3 (Dvorak et al., 2007). Thus, the STAT3 signal-
ing pathway may not only be shared by different 
forms of inflammation but also by different funda-
mental cellular processes.

Our statistical-based findings suggest that cy-
tokine-activated STAT3 may be involved in the pro-
motion of inflamed squamous epithelium into Bar-
rett’s metaplasia. However, the mechanisms underly-
ing this transdifferentiation are as yet undetermined. 

Table 2. Allelic distribution for the coding variants of IL23R (1142G/A; Arg381Gln; rs11209026) in reflux disease pa-
tients and control group

Group
IL23R (Arg381Gln; rs11209026) 

p-value*
G/G G/A + A/A

Healthy controls (N = 139) 132 (95.0%) 7 (5.0%) –
Gastroesophageal reflux disease (N = 96) 81 (84.4%) 15 (15.6%) 0.011
Non-erosive reflux disease (N = 30) 26 (86.7%) 4 (13.3%) 0.11
Erosive reflux disease (N = 32) 30 (93.8%) 2 (6.3%) 0.68
Barrett’s esophagus (N = 34) 25 (73.5%) 9 (26.5%) 0.0007

*The frequency allele distribution was compared using standard or Yates corrected χ2 test and Fisher’s exact test when appropriate. Sta-
tistical significance threshold level was Bonferroni corrected for multiple hypothesis testing, according to the number of genes tested. The 
P-value significance threshold level was defined as 0.008.
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It is also not clear if the observed risk variant of 
IL23R results in a functional alternation in cytokine 
signaling. As only one fourth of Barrett’s esophagus 
patients carry the mutated IL23R risk gene variant, 
it is unlikely that mutations in this gene are relat-
ed to the disease pathogenesis in a simple manner. 
Most likely, this and other susceptibility genes may 
act as Barrett’s esophagus modifiers of the environ-
mental response, and the hypothesized multifactor 
pathogenesis of Barrett’s esophagus cannot be reject-
ed. To fully elucidate the molecular consequences 
of the IL23R gene variations in Barrett’s esophagus 
progression, our findings need to be verified by in-
depth functional assays, as well as case-control stud-
ies performed on substantially larger groups of pa-
tients.
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