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Introduction
  The chronic inflammatory bowel diseases (IBDs) ul-
cerative colitis (UC) and Crohn’s disease (CD) re-
main the most problematic of gastrointestinal dis-
orders. Although the etiologies are unknown, there is 
evidence linking microbial, immunologic, and genetic 
factors with pathogenesis of IBD (1-3). Genetic fac-
tors seem to have a more dominant role in the path-

ogenesis of CD than UC, because family rates, con-
cordance rates for monozygotic twins, and concor-
dance rates in offspring for disease type are in general 
high in CD (4). For example, positive associations 
with the CARD15/NOD2 gene on chromosome 16 
(IBD1), OCTN1/SLC22A4-OCT/SLC22A5 genes on 
chromosome 5q (IBD5), and DLG5 on chromosome 
10q23 have been established in CD (5-7). However, 
UC also has a high incidence in certain families and 
shares some susceptibility genes with CD. A linkage 
between UC and certain regions on chromosomes 3, 
7, and 12 has been reported (8). Recently, suggestive 
linkage to chromosome 2q also has been reported for 
the UC phenotype (9). However, so far, MDR1, a 
gene of P-glycoprotein, is the only gene identified for 
3the susceptibility to the UC pathogenesis (10). 
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ABSTRACT
Background: We examined global gene expression profiles of peripheral blood mono-
nuclear cells (PBMCs) in patients with ulcerative colitis (UC), and tested whether the 
identified genes with the altered expression might be associated with susceptibility to 
UC. Methods: PBMCs from 8 UC and 8 normal healthy (NH) volunteers were col-
lected, and total RNAs were subjected to the human 8.0K cDNA chip for the microarray 
analysis. Real time-PCR (RT-PCR) was performed to verify the results of microarray. 
One hundred forty UC patients and 300 NH controls were recruited for single nucleo-
tide polymorphism (SNP) analysis. Results: Twenty-five immune function-related genes 
with over 2-fold expression were identified. Of these genes, two chemokines, namely, 
CXCL1 and CCL20, were selected because of their potential importance in the evocation 
of host innate and adaptive immunity. Four SNPs were identified in the promoter and 
coding regions of CXCL1, while there was no significant difference between all patients 
with UC and controls in their polymorphisms, except minor association at g.57A＞G 
(rs2071425, p=0.02). On the other hand, among three novel and one known SNPs identified 
in the promoter region of CCL20, g.-1,706 G＞A (p=0.000000055), g.-1,458 G＞A 
(p=0.0048), and g.-962C＞A (p=0.0006) were found to be significantly associated with 
the susceptibility of UC. Conclusion: Altered gene expression in mononuclear cells may 
contribute to IBD pathogenesis. Although the findings need to be confirmed in other 
populations with larger numbers of patients, the current results demonstrated that 
polymorphisms in the promoter region of CCL20 are positively associated with the 
development of UC. (Immune Network 2005;5(4):205-214)
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  Microarray analysis can complement genetic map-
ping strategies as a means of identifying susceptibility 
candidate genes in complex diseases. Microarray has 
been used to study gene expression in mucosal bio-
psies from patients with UC, patients with CD, and 
healthy controls (11-13) and identified new categories 
of genes with altered expression, including defensin, 
Reg, Gro, and calcium-binding S100 genes. Two re-
cent studies of colonic gene expression in patients 
with UC and controls also detected increased ex-
pression of colon cancer-related Wnt signaling and 
osteopontin genes in UC patients (14,15). 
  Recently, the discovery that CARD15/NOD2, a 
protein primarily expressed in mononuclear cells, 
could contribute to organ-specific disease placed mo-
nonuclear cells and innate immunity at the center of 
IBD pathogenesis for the first time (5,16,17). In ad-
dition, the Runx 1 gene has been identified as a su-
sceptibility gene for rheumatoid arthritis (18). Runx 1 
is a gene primarily expressed in hematopoietic cells 
that, when fused to a variety of other genes, plays 
a role in myeloid malignancies. Polymorphisms in 
Runx 1-binding sites in the genes encoding SLC22A4, 
SLC9A3R1, and PDCD1 confer susceptibility to au-
toimmune diseases, rheumatoid arthritis, psoriasis, 
and systemic lupus erythematous (18). These data 
support the notion that hematopoietic cells may play 
a central role in chronic, inflammatory, and auto-

immune conditions. 
  Here, we therefore evaluated the utility of patients’ 
blood cells, a readily accessible source of material, for 
the identification of global gene expression pattern in 
UC because the NOD2 and Runx 1 findings implicate 
mononuclear cells in the pathogenesis of IBD and 
other autoimmune disorders. We compared UC pati-
ents to sex-matched healthy controls to identify genes 
that were specific to the disease and immune func-
tion. Further, to test whether the identified genes 
with the altered expression in PBMCs could be can-
didate susceptibility genes to UC pathogenesis, we 
analyzed single nucleotide polymorphisms (SNPs) of 
those genes selected. Among 222 genes with over 
2-fold expression in UC patients, we identified 25 
immune function-related genes. Of these genes, two 
chemokines, namely, CXCL1 and CCL20, were selec-
ted because of their potential importance in the evo-
cation of host innate and adaptive immunity. We 
scanned the chromosomes of 40 healthy volunteers 
for the identification of SNPs in the CXCL1 and 
CCL20 genes. Further, we investigated the genotype 
distributions and allele frequencies of the SNPs in 
patients with 140 UC patients vs. 300 unrelated non- 
UC healthy controls. 

Materials and Methods
Patients and samples. Human peripheral blood mononu-

Table I. Clinical characteristics of the patients with UC at the time of blood drawing
ꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚ

cDNA microarraya Real time-PCRb

ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
NH UC NH UC

ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
   n 8  8 14 17
Age (yr), mean±SD 32.54±09 41.25±15 26.9±07 38.47±16
   [Range] [26∼37] [24∼63] [21∼42] [20∼69]
Sex (m/f) 4/4 4/4 8/6 6/11
Activity Index
   Mild 4   5 
   Moderate 2  5
   Severe 2  7
Disease Location
   Rectosigmoid 6 10
   Pancolitis 2  7
Medication
   Non 6  5
   5-ASA 2 10
   5-ASA+Steroid  2
pANCA
   +
   - 8  17

ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
aSex-matched 8 UC patients and 8 NH controls were recruited for cDNA microarray analysis. bReal time-PCR analysis was performed
to quantify the expression levels of CCL20 and CXCL1 in patients with UC and NH controls.
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clear cells (PBMC) were isolated from normal donors 
by centrifugation through a discontinuous Ficoll (A-
mersham) gradient. For microarray analysis, periphe-
ral blood mononuclear cells (PBMCs) from 8 UC 
patients (4 males and 4 females, aged 41.25±15 
years) and 8 normal healthy (NH) controls (4 males 
and 4 females, aged 32.54±09 years) were obtained 
from Wonkwang University Medical Center. For real- 
time PCR (RT-PCR) analysis, the PBMCs were ad-
ditionally obtained from 17 UC patients (6 males and 
11 females, aged 38.47±16 years) and 14 NH (8 
males and 6 females, aged 26.9±07 years) controls. 
Table I presents clinical characteristics of UC patients 
recruited for microarray and RT-PCR analysis. For 
SNP studies, blood samples were obtained from 140 
UC patients and 300 unrelated non-UC healthy con-
trols. Diagnoses were made by a board-certified gas-
troenterologist, based on a combination of clinical, 
radiographic, and endoscopic findings. Clinical cha-
racteristics of UC patients were diagnosed according 
to Truelove and Witts’ activity categories (19). The 
study was approved by the ethics committees of the 
Medical Faculty of the Wonkwang University, Korea. 
All participating subjects gave written, informed con-
sent. 
RNA isolation. Total RNA was prepared from peri-
pheral blood mononuclear cells (PBMCs) using easy- 
BlueTM (Intron Biotechnology, Korea) following the 
manufacturer’s instructions. Purity and RNA integrity 
were evaluated by absorbance at 260 nm and 280 nm. 
High quality RNAs with A260/A280 ratio over 1.9 
and intact ribosomal 28S and 18S RNA bands were 
utilized for the specific purposes described below. 
The exact amount of RNA required for a given 
experiment was range from 15μg to 20μg.
cDNA microarray analysis. Total RNA was subjected to 
reverse transcription while being labeled with either 
Cy3 or Cy5 by means of 3DNA indirect labeling kit, 
according to the protocol provided by the manu-
facturer (Genisphere, Inc., Hatfield, PA). For hybridi-
zation, Cy3 and Cy5-labeled cDNAs were applied to 
a human cDNA chip containing approximately 7500 
cDNA clones with 90% known sequences and 10% 
EST (HSVC V1.0, GenomicTree Inc, Korea). Hybri-
dized slide was scanned with ScanArray 3000. Signal 
quantification and data processing were performed 
using Imagene 5.1 and GeneSight 3.5 (BioDiscovery, 
Inc., El Segundo, CA). Each experiment was repeated 
three times to reduce a high risk of false positive or 
false negative results. The results from three indepen-
dent identical experiments were merged and the mer-
ged data were used for subsequent comparisons. The 
average intensity values of Cy3 and Cy5 for each gene 
were calculated. Significant differences in gene expre-
ssion between controls and UC patinets were deter-

mined using the Student’s t-test with a significance 
threshold of p＜0.05. To estimate fold induction, the 
ratios of Cy5 (treated) to Cy3 (untreated) signal inten-
sities were calculated. The log base 2 of each ratio 
was determined in order to equalize the magnitude 
of deflection of up-regulated and down-regulated ge-
nes, and gene expression differences were ranked 
based on absolute values.
Real-time quantitative PCR. CCL20 and CXCL1 mRNA 
levels and GAPDH mRNA levels in PBMCs were 
quantified using a fluorogenic 5’-nuclease PCR assay 
(20) with a GeneAmp 5,700 sequence detection sys-
tem (ABI/Perkin-Elmer). For each standard or sam-
ple, duplicated reactions containing 2.5 ml of cDNA 
were incubated for two minutes at 50oC, denatured 
for 10 min at 95oC, and subjected to 40 cycles of 
annealing at 55oC for 20 seconds, increasing to 60oC 
for one minute, followed by denaturation at 95oC for 
15 seconds. The gene specific primers used were the 
same as described above. To detect amplicons gene-
rated using the gene specific primers, dual-labeled flu-
orogenic (Taqman) probes containing FAM (at the 5' 
end) and TAMRA (at the 3’ end) were synthesized 
(Sigma-Genosys, the Woodlands, Texas, USA). The 
Taqman probes used included: CCL20, 5’-TGCTAC 
TCCACCTCTGCGGCGAA-3, CXCL1, 5’-TGGTA 
GCCGC TGGCCGGCGC-3, and GAPDH, 5’-ACC 
CAGAAGACTGTGGATGGCCCC-3'. The number 
of amplicons in each sample reaction was determined 
by comparison with a standard curve generated using 
five 10-fold dilutions of plasmids (10 pg to 1 fg) con-
taining CCL20, CXCL1, or GAPDH cDNA. CCL20 
and CXCL1 mRNA levels are presented as the num-
ber of amplicons per 104 GAPDH amplicons. 
PCR and DNA sequencing. The coding regions of 
CCL20 and CXCL1 containing the promoter regions 
were partially amplified by PCR with specific primers 
using a Perkin-Elmer 9,600 thermal cycler (Perkin- 
Elmer, Norwalk, CT). PCR was run for 30 cycles of 
denaturation at 95oC for 30 seconds, annealing at 
melting temperature of the each primer pair for 40 
seconds, and extension at 72oC for 1 minute or 3 
minutes. Both sense and antisense strands of PCR 
products were directly sequenced using the same pri-
mers used for the PCR amplification. PCR products 
purified by PCR purification kit (Millipore, Milford, 
MA) were used as the template DNA for cycle se-
quencing. Sequence analysis was performed by Big 
Dye Terminator cycle sequencing using an ABI 3100 
Prism Automated DNA sequencer (Applied Biosys-
tems, Foster City, CA) according to the manufac-
turer’s instruction.
Genotyping. Genotyping was performed by single-base 
extension (SBE) method with the ABI Prism SnaP-
shot Multiplex kit (Applied Biosystems). Eight SBE 
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primers used in this study are listed in Table II. The 
SBE reaction mixture was prepared according to the 
manufacturer's instructions. The primer extension re-
action was performed at 96oC for 1 minute, followed 
by 25 cycles at 96oC for 10 seconds, 55oC for 40 
seconds, and 60oC for 30 seconds. To clean up the 
primer extension reaction, 1.5 unit of CIP (New En-
gland BioLabs, Boston, MA) was added to the reac-
tion mixture, and the mixture was incubated at 37oC 
for 90 minutes, followed by 15 minutes at 72oC for 
purposes of enzyme inactivation. The purified exten-

sion products were added to Hi-Di formamide (Ap-
plied Biosystems) according to the recommendations 
of the manufacturer. The mixture was incubated at 
95oC for 5 minutes, followed by 5 minutes on ice, 
and then electrophoresis was performed with the ABI 
Prism 3,100 Genetic Analyzer. The results were an-
alyzed by the ABI Prism Gene-Scan and Genotyper 
software (Applied Biosystems).
Statistical analysis. χ2 tests were used to estimate the 
Hardy-Weinberg equilibrium. Logistic regression an-
alyses were used to calculate odds ratios (95% con-

Figure 1. Global gene expression profiles in the PBMC of UC patients and their comparison with NH controls. PBMCs from 8 
UC patients (4 m/4f) and 8 NH controls (4 m/4f) were obtained and total RNAs were subjected to the human 8.0K cDNA chip
for the microarray analysis. (A) Genes that were over 2-fold upregulated (611) in the female of UC patients compared with female
of NH controls. (B) Genes that were over 2-fold upregulated (546) in the male of UC patients compared with male of NH controls.
(C) Genes that were over 2-fold upregulated (222) in the both sexes of UC patients compared with female of NH controls. (D) Genes
that were over 2-fold upregulated (222) in the both sexes of UC patients compared with male of NH controls. The central diagonals
on each scatter plot represent no change from the control state (NH controls). The upper diagonals colored by red (female), green
(male), and blue (both sexes) represent each over 2-fold expression changes from the control state. 

A
Female = 611

C Both/F = 222

B Male = 546

D Both/M = 222

A
Female = 611

C Both/F = 222

B Male = 546

D Both/M = 222

Table II. Primer sequences used for genotyping by SBE method
ꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚ

Positionsa Primer sequence (5’→ 3’)
ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ

CCL20 gene
   -1706 G＞A GGAACAAGTCTCAGTAAATGTAAAC
   -1458 G＞A CCCAGGCTGAACTCCTGACCTCATTACAGGCATGAGCCAC
   -962 C＞A CCACTAGACCCAAATAGGTTGAAAGTAAAA
   -786 T＞C (rs6749704) CAACAATTCTGAGGCTCTATATTGAGTTATATTAG
CXCL1 gene
   -520 T＞C (rs3117604) TTTGGAGGAAGAGCGTTGTGTCTCGGATTTGTGGCTGGAG
   -38 G＞T GGCTCAGCAGGCGGGTCTGGCGGCTGTGAGAGGAG
   57 A＞G (rs2071425) TCCCCGGCTCCTGCGAGTGGC
   57 A＞G (rs4074) GCCAGGCTGGGGAAACTGCATTCGGA

ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
aCalculated from the translation start site.
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fidence interval) for SNP sites. Linkage disequilibrium 
analyses by pairwise comparison of biallelic loci and 
haplotype and their frequencies were constructed 
with an EM algorithm or Permutation test with geno-
typed SNPs. Fisher’s exact test or χ2 test from 2×3 
contingency table was applied to analyze the compa-
rison of the frequency of discrete variables between 
UC patients and unrelated NH controls. A P value 
of less than 0.05 was considered to indicate statistical 
significance.

Results
Genes altered in expression in PBMCs from patients with UC 
as compared to NH controls. The expression levels of 
each gene from NH controls (labeled with Cy3 be-
fore hybridization) vs. that of UC (Cy5 labeled) are 
plotted in Fig. 1. Accordingly, genes whose expre-
ssion is unchanged lie on the central diagonal while 
genes whose expression is changed over 2-folds are 
plotted upper diagonals (Fig. 1). We identified that 
611 and 546 genes are over 2-fold expressed in fe-

male and male UC patients, respectively. Among 
these genes, we could extract 222 genes which are 
over 2-fold expressed in both sexes compared with 
female or male of NH controls (Fig. 1). Finally, we 
identified 25 genes whose functions are known to be 
related with immunity and listed in Table III. 
  We primarily interested in chemokines because 
these proteins play central roles in the evocation of 
host innate and adaptive immunity. Moreover, some 
of these chemokines, including CXCL1 and CCL20, 
are known to be expressed in mucosal tissues of UC 
patients and may possibly involve in the pathogenesis 
of IBD (21,22). Most interestingly, the chromosomal 
location of CCL20 is in 2q33-q37 and this site is well 
correlated with the recently identified susceptibility 
loci (2q24-q34 for UC) defined by genome wide 
meta-analysis (9). 
  To validate the accuracy of microarray expression 
profiling data, we performed real-time quantitative 
PCR Taqman assays. As shown in Fig. 2, the mean 
values of each CCL20 and CXCL1 mRNA levels 

Table III. Inflammation-related genes which are up-regulated in the peripheral blood mononuclear cells of patients with Ulcerative
colitisa

ꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚ
Chromosome Average fold 

Gene Name Gene ID
locations increaseb

ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
Growth factor receptor-bound protein 7 17q21-q22 H53703 5.328945
Interleukin 18 receptor accessory protein 2q12 AI735624 5.199778
G protein-coupled receptor 30 7p22 AA810225 4.403193
Tumor necrosis factor receptor superfamily, member 14 1p36.3-p36.2 AW073000 3.729934
Neural cell adhesion molecule 2 21q21 AA709271 3.66827
Langerhans cell specific c-type lectin 2p13 AI669693 3.518352
Chemokine (C-C motif) ligand 20 2q33-q37 AI285199 3.363819
A disintegrin and metalloproteinase domain 8 10q26.3 AA279188 3.355435
Fanconi anemia, complementation group G 9p13 AA430675 3.319348
Chemokine (C-C motif) ligand 22 16q13 AI457797 2.922494
Colony stimulating factor 3 (granulocyte) 17q11.2-q12 AI564336 2.904319
Cortical thymocyte receptor (X. laevis CTX) like AI418753 2.879863
Chemokine (C-X-C motif) ligand 3 4q12-q13 AA935273 2.785816
Activin A receptor, type IB 12q13 AI972229 2.770603
Glucocorticoid receptor DNA binding factor 1 5q31 AA489679 2.729809
Leukocyte receptor cluster (LRC) member 4 19q13.4 AA426216 2.729431
Protein tyrosine phosphatase, non-receptor type 4 AW005820 2.480791
Thyroid hormone receptor-associated protein, 240 kDa subunit 17 AA457462 2.404522
Spi-B transcription factor (Spi-1/PU.1 related) 19q13-q13 N71628 2.396452
Colony stimulating factor 3 receptor (granulocyte) 1p35-p34 AA458507 2.380558
Chemokine (C-X-C motif) ligand 1 4q12-13 W46900 2.362231
Integrin, alpha X (antigen CD11C (p150), alpha polypeptide) 19q13.4 N64384 2.34754
Chemokine (C-C motif) receptor 7 17q12-q21 AI672677 2.315221
Nuclear transcription factor Y, gamma 1p32 AA458991 2.27813
Interleukin 4 receptor 16p12-p11 AA293306 2.202589
ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
aAmong 222 genes which are 2-fold over-expressed in both sexes of UC patients, as compared to NH controls (Fig. 1), 25 genes
whose functions are known to be related with immunity are selected. bData are expressed as fold increase, as compared to the NH
controls.
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were significantly higher (CCL20, 4.6-fold; CXCL1, 
3.4-fold; p＜0.05 for both) in the PBMCs of UC 
patients than in NH controls. This result corrobo-
rates that two methods used in the present study re-
veal overall qualitative agreement.
Polymorphisms in the CCL20 gene of UC patients. The 
human CCL20 gene is encoded an open reading fra-
me of 291 bp, consisting of 4 exons and 5-UTR re-
gions separated by intron. To determine the novel 
molecular variations in the coding and promoter re-
gion of human CCL20 gene, we performed the gene 
scanning by direct sequencing on genomic DNA sam-
ples isolated from 40 unrelated NH controls. We 
identified a total of 4 SNPs including 3 novel (g.-

1,706 G＞A, g.-1,458 G＞A, and g.-962 C＞A) 
and one known SNPs (g.-786C＞T (rs6749704)) in 
the promoter regions. To precisely determine whether 
these SNPs are associated to susceptibility of UC in 
Korean population, we analyzed the genotypes and 
haplotypes for four SNPs (g.-1706 G＞A, g.-1458 
G＞A, g.-962 C＞A, and g.-786 C＞T) by SBE 
method. All genotype frequencies were in Hardy- 
Weinberg equilibrium (data not shown). 
  The p values of each SNP were analyzed in UC 
patients and NH controls (Table IV). The genotype 
and allele frequencies of g.-1706 G＞A in patients 
with UC were strikingly different from those in NH 
controls (p=0.000000055 and p=0.000000003, respec-

Figure 2. Expression of CCL20 (A) and 
CXCL1 (B) in the PBMCs of UC patients.
Real-time quantitative PCR was performed 
to confirm the results of cDNA microarray 
as described in Materials and Methods. The 
number of patients included is given below
the x-axis. NH: normal healthy controls, 
UC: Ulcerative colitis patients. 
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Table IV. Genotype and allele frequencies of the SNP sites in the promoter region of CCL20 gene
ꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚ

Positionsa Genotype/allele Control n=300 (%) UC n=140 (%) Odds ratiob (95% CI) p
ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ

g.-1706G＞A GG  114 (38.0)  24 (17.1) 1.00 0.000000055
GA 137 (45.7)  62 (44.3) 2.15 (1.26∼3.66)
AA  49 (16.3)  54 (38.6) 5.23 (2.91∼9.40)
G 365 (60.9) 110 (39.3) 1.00 0.000000003
A 235 (39.1) 170 (60.7) 2.4 (1.80∼3.21)

g.-1458G＞A GG  10 (03.3)   1 (00.7) 1.00 0.0048
GA  99 (33.0)  29 (20.7) 2.91 (0.36∼23.53)
AA 191 (39.7) 110 (78.6) 5.72 (0.73∼44.98)
G 119 (19.8)  31 (11.1) 1.00 0.0011
A 481 (80.2) 249 (88.9) 1.99 (1.30∼3.04)

g.-962C＞A CC 174 (58.0)  65 (46.4) 1.00 0.0006
CA  75 (25.0)  60 (42.9) 2.14 (1.38∼3.34)
AA  51 (17.0)  15 (10.7) 0.79 (0.41∼1.50)
C 423 (70.5) 190 (67.9) 1.00 0.432
A 177 (29.5)  90 (32.1) 1.13 (0.83∼1.54)

g.-786T＞C TT 173 (57.7)  76 (54.3) 1.00 0.7596
(rs6749704) TC  96 (32.0)  47 (33.6) 1.11 (0.72∼1.73)

CC  31 (10.3)  17 (12.1) 1.25 (0.65∼2.39)
T 442 (73.7) 199 (71.1) 1.00 0.417
C 158 (26.3)  81 (28.9) 1.14 (0.83∼1.56)

ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
aCalculated from the translation start site. bLogistic regression analyses were used for calculating OR (95% CI; confidence interval).
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tively). Most interestingly, compared with NH con-
trols, there was a significant overrepresentation of pa-
tients homozygous for the g.-1706G＞A allele in 
UC. A total of 17.1% of UC vs. 38.0% of controls 
were homozygous G, and 38.6% vs. 16.3%, respec-
tively, were homozygous A. The overall OR of de-
veloping UC for the presence of 2 A alleles was ap-
proximately 5-fold increased (OR, 5.23, 95% CI, 
2.91-9.40). The genotype and allele frequencies of g.
-1458G＞A were also significantly different (p= 
0.0048 and p=0.0011; respectively). The genotype 
frequencies of g.-962C＞A were higher in patients 
with UC than those with controls (p=0.0006), while 

allele frequencies of g.-962C＞A were not signifi-
cant (p=0.432; Table IV). These results are strong 
evidence of which the CCL20 is associated with the 
susceptibility to UC. 
  We next calculated the haplotype frequencies among 
the g.-1706 G＞A, g.-1458 G＞A, and g.-962 C
＞A of CCL20 gene between UC patients and NH 
controls. As a result, strong allelic associations (haplo-
types) among SNPs were detectable in either the UC 
patients or NH controls (Table V). Among 8 haploty-
pes identified in both groups, NH group represented 
4 major haplotypes with 93.9% of distribution, while 
UC group showed 3 major haplotypes with 88.9% of 

Table V. The haplotype of CCL20 gene between UC patients and NH controls.
ꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚ

PHFaHaplotypes HFa
ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ p
 g.-1706G＞A g.-1458G＞A g.-962C＞A Control UC
ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ

G A C 37.3 36.1 0.727
A A A 23.7 27.4 0.229
G G C 17.9  3.2 2.0×10-9

A A C 15.0 25.4 0.0002
G A A  4.2  4.0×10-7 0.0005
G G A  1.4  5.6×10-8 0.046
A G C  0.3  3.2 0.0003
A G A  0.2  4.7 1.1×10-6

ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
aValues were constructed by EM algorithm with genotyped SNPs. HF: haplotype frequency (%).

Table VI. The genotype and allele frequencies of CXCL1 gene between UC patients and NH controls
ꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚ

Positionsa Genotype/allele Control n=300 (%) UC n=139 (%) p
ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ

-520T＞C TT  86 (28.8)  29 (20.9) 0.0495
(rs3117604) TC 135 (45.1)  80 (57.5) 

CC  78 (26.1)  30 (21.6) 
T 307 (51.3) 138 (49.6) 0.1600 
C 291 (48.7) 140 (50.4) 

-38G＞T GG 127 (42.5)  58 (41.7) 0.5543
GT 107 (35.8)  56 (40.3) 
TT  65 (21.7)  25 (18.0) 
G 361 (60.4) 172 (61.9) 0.1200 
T 237 (39.6) 106 (38.1) 

57A＞G AA 122 (40.8)  48 (34.5) 0.0200 
(rs2071425) AG 112 (37.5)  71 (51.1) 

GG  65 (21.7)  20 (14.4) 
A 356 (59.5) 167 (60.1) 0.0100 
G 242 (40.5) 111 (39.9) 

957A＞G AA  63 (21.1) 17 (12.2) 0.0561 
(rs4074) AG 180 (60.2)  98 (70.5) 

GG  56 (18.7)  24 (17.3) 
A 306 (51.2) 132 (47.5) 0.8900 
G 292 (48.8) 146 (52.5) 　

ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
aCalculated from the translation start site.
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distribution (Table V). Strikingly, although the estima-
ted haplotype frequencies of two major types (G-A-C 
and A-A-A) were similar in both groups (UC=63.5%: 
NH=61.0%), the haplotype frequencies of G-G-C 
and A-A-C were significantly different between UC 
and NH (G-G-C: 3.2% and 17.9%, respectively, p=2 
×10-9; A-A-C: 25.4% and 15.0%, respectively, p= 
0.0002). Taking all the data together, it could be sug-
gested that the promoter region of CCL20 gene is 
highly associated with the susceptibility to UC in Ko-
rean population. 
Polymorphisms in the CXCL1 gene of UC patients. We 
identified a total of 4 SNPs, including one novel (g.
-38G＞T) and three known (g.-520T＞C (rs 
3117604), g.57A＞G (rs2071425), and g.957A＞G (rs 
4074)) SNPs around the CXCL1 locus mapped on 
4q12-q13. We next analyzed the genotype frequencies 
and allele frequencies between the UC patients and 
NH controls. The SNPs examined in this study reve-
aled no significant differences, except one minor as-
sociation at g.57A＞G (p=0.02 and p=0.01, respec-
tively), in their genotype and allele frequencies be-
tween UC patients and NH controls (Table VI). Ac-
cordingly, although there was a limitation in the num-
ber of the patients used in this study, i.e., the number 
of the patients used were relatively small; the typing 
data suggested that the CXCL1 gene could not be 
a major risk factor conferring the susceptibility to UC 
at least. We further examined allelic associations 
among 4 SNPs, but found no significant difference 
between the patients and controls (data not shown). 
These results suggest that CXCL1 gene is not associ-
ated with the susceptibility to UC in Korean popu-
lation. Thus, it is conceivable that the CXCL1 gene 
could contribute to only inflammatory response in 
the course of the development of UC, but not par-
ticipate in the pathogenesis of UC as a genetic factor 
conferring the predisposition to UC.

Discussion
  The exact molecular mechanisms that give rise to 
UC and CD remain poorly understood. It is believed, 
however, that in genetically susceptible individuals, 
both disorders result from an inappropriate or exce-
ssive immune response to environmental factors, such 
as elements of the intestinal microflora (23). Since pe-
ripheral blood cells not only form the first line of 
defense against exogenous putative pathogens, but 
are also recognized as active participants in inflam-
matory reactions, increased expression of CCL20 or 
CXCL1 in the PBMCs suggests that these chemoki-
nes may positively associated in the pathogenesis of 
UC. In fact, at least a dozen polymorphic genes are 
known to regulate IBD by positive association (2,24- 
29). However, their associations to UC are not signi-

ficant but predisposed only to the some population 
(7). 
  In the current study, we found a striking difference 
of the genotype and allele frequencies at g.-1706G
＞A in CCL20 gene of UC patients compared with 
NH controls (GG vs. AA, p=0.000000055, OR, 5.23; 
G vs. A, p=0.000000003, OR, 2.4). The genotype and 
allele frequencies at g.-1458G＞A and -962C＞A 
were also significant in patients with UC than those 
with controls (see Table IV). In addition, the 
estimated haplotype frequencies resulted in significant 
difference between UC and NH controls (Table V). 
So far as we know, the present results demonstrate 
that CCL20 is the only chemokine gene which shows 
a strong association with the susceptibility to UC. 
  The fact that the allele and CCL20 -1706AA 
genotype frequency is clearly overrepresented in UC 
patients compared in NH controls makes it unlikely 
that this association occurred by chance. How or 
whether CCL20 could be involved in the pathogene-
sis of UC is presently unknown. However, increased 
expression of CCL20 in PBMCs (Fig. 1 and 2) and 
inflamed colonic tissues (22) of UC patients supports 
a potential importance of this gene in the patho-
genesis of UC. In addition, since CCL20 is thought 
to link innate and acquired immunity by attracting 
immature dendritic cells, effector memory T cells and 
B cells via CCR6 (30), this gene could be a key re-
gulator of immune function-related diseases, not just 
for UC but for other immune disorders such as rheu-
matoid arthritis or asthma. Thus, characterizing the 
genotype and allele frequencies of these polymorp-
hisms with other autoimmune diseases are one of our 
on-going projects. 
  Moreover, a recent genome wide meta-analysis for 
searching IBD susceptibility loci yielded a strong evi-
dence for linkage to markers on chromosome 2q24- 
q34 with UC (9). Because region on chromosome 2q 
is the same region where the CCL20 gene (2q33-q37) 
is localized, this finding supports our assumption that 
the polymorphisms in the promoter region of CCL20 
may confer a genetic predisposition to UC. Further 
genetic-association studies are needed to clarify in 
more detail the contribution of other genes which are 
located in the same chromosomal loci to suscepti-
bility for UC. Although we did not currently inve-
stigate the association of CCL20 with CD because of 
its lower incidence in Korean population, it will be 
very interesting whether these polymorphisms in 
CCL20 are also predisposed in CD. 
  In the last 10 years, a global effort involving lin-
kage disequilibrium mapping and positional cloning 
studies of multiply affected families with inflamma-
tory diseases has uncovered a growing number of 
susceptibility loci on chromosomes 1, 2, 3, 4, 5, 7, 
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10, 12, 16, 17, 22, and X (8, 9, 31-37). However, so 
far, not many specific gene associations with suscep-
tibility to UC have been identified. Microarray can 
complement genetic mapping strategies as a means of 
uncovering candidate susceptibility genes in complex 
diseases. Parallel use of classical genetic strategies 
with microarray technique may enhance the chance 
to find genetic susceptibility genes that are predi-
sposed in immune disorders, including UC and CD.
  In summary, the identification of NOD2 as the 
IBD1 susceptibility gene underscored the significance 
of mononuclear cells in the pathogenesis of IBD and 
autoimmunity in general (16). Using microarray 
analysis, we have detected differential expression of 
a wide variety of genes in PBMCs from patients with 
UC as compared to NH controls. Of those differen-
tially expressed genes, we selected two chemokines, 
namely CCL20 and CXCL1, because of their poten-
tial importance in host immunity. We identified that 
the polymorphisms g.-1706G＞A, g.-1458G＞A, 
and -962C＞A in the promoter region of the 
CCL20 gene are positively associated with UC, 
thereby suggesting that microarray could be a useful 
technique to identify genetic susceptibility genes 
when this technique is combined with classical 
genetic studies. Further studies are needed to clarify 
which targets may trigger intestinal inflammation in 
cases with high expression of CCL20.
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