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Abstract
AIM: To identify peripheral blood mononuclear cell 
(PBMC) gene expression profiles of ulcerative colitis 
(UC) patients, using oligonucleotide microarrays, to 
gain insights into UC molecular mechanisms.

METHODS: The Human OneArray microarrays were 
used for a complete genome-wide transcript profiling 
of PBMCs from 12 UC patients and 6 controls. Differ-
ential analysis per gene was performed with a random 
variance model; t  test and P  values were adjusted to 
control the false discovery rate (5%). Gene ontology 
(GO) was deployed to analyze differentially expressed 

genes at significant levels between patients and con-
trols to identify the biological processes involved in UC.

RESULTS: Comparative analysis revealed that 4438 
probes (4188 genes) were differentially expressed 
between the two groups, of which 3689 probes (3590 
genes) were down-regulated whereas 749 probes (598 
genes) were up-regulated. Many disregulated genes in 
our data have been reported by previous microarray 
studies carried out on intestinal mucosa samples, such 
as S100A8 , CEACAM1 and S100A9 . GO enrichment 
analysis revealed 67 high enrichment up-regulated cat-
egories and one significant down-regulated category. 
The up-regulated genes were mainly involved in im-
mune and inflammatory response, cell cycle and prolif-
eration, DNA metabolism and repair. 

CONCLUSION: Gene expression profiling of PBMCs 
from patients with UC has highlighted several novel 
gene categories that could contribute to the pathogen-
esis of UC.

© 2013 Baishideng. All rights reserved.
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Core tip: Evidence indicates that peripheral blood im-
mune cells play a vital role in the pathogeny of ulcer-
ative colitis (UC). This study identified genome-wide 
gene expression profiles of peripheral blood mono-
nuclear cells in UC, and gene ontology analysis high-
lighted the significance of several categories related 
to immune and inflammatory responses, cell cycle and 
proliferation, and DNA repair. The gene enrichment 
analysis provides greater understanding of the pro-
cesses that may be involved in UC.
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INTRODUCTION
Ulcerative colitis (UC) is a form of  chronic inflammatory 
bowel disease (IBD) characterized by chronic and recur-
rent inflammation of  the colonic mucosa, often resulting 
in intermittent bloody diarrhea and abdominal pain[1]. UC 
used to be considered western population-specific. How-
ever, recent investigation has revealed that the incidence 
and prevalence of  the disease in Asia have increased 
significantly[2]. Taking China as an example, the number 
of  140120 cases of  UC have been observed in the last 
15 years, with an 8.5-fold increase during the last 5 years 
compared with the first 5 years[3]; conservative specula-
tion from the reported cases indicate the incidence has 
reached 11.6/100000[4].

Microarray analysis of  global gene expression at the 
RNA level has generated new insights into the biological 
phenomena under investigation. Previous studies have 
successfully applied microarray technology to investigate 
the gene expression profile of  resected specimens[5-7] 
and endoscopic pinch mucosal biopsies[8-13] from IBD, 
with the goal of  identifying diagnostic or prognostic 
markers and therapeutic target genes of  the diseases. 
The principal disregulated genes revealed some similar 
biological processes, but there is little overlap between 
the individual genes among these data. In contrast to 
most studies utilizing intestinal tissue, taking peripheral 
blood mononuclear cells (PBMCs) is more accessible as 
this source of  gene expression material offers the pos-
sibility of  sampling any individual for future diagnosis. 
What is more important, PBMCs may be considered as 
a part of  the intestinal immune system and contribute to 
the exacerbation and perpetuation of  inflammation in 
UC. Firstly, PBMCs are found migrating between blood 
and intestine[14], and labeled peripheral granulocytes and 
monocytes can be accumulated rapidly in the diseased gut 
of  IBD patients[15]; this movement has a positive correla-
tion to the disease activity[14]. Secondly, peripheral mono-
nuclear cells in active IBD are found to release increased 
amounts of  many proinflammatory mediators[16]. In vitro 
study found a cytotoxic effect in human fetal colon cells 
that was released by PBMCs in UC patients[17]. Leukocy-
tapheresis therapy, through removing a portion of  acti-
vated immunocytes from the peripheral blood[18], indeed 
achieves a super effect and a lower incidence of  adverse 
effects than high-dose steroids in a proportion of  IBD 
patients[19].

Given that PBMCs may play a vital role in the patho-
genesis of  UC and that the mechanism is still obscure, we 
hope to clarify the molecular processes involved in the 
etiopathogenesis of  UC that are represented by differen-
tially expressed genes. We recruited twelve UC patient and 
six healthy controls to compare gene expression profile 
differences in PBMCs and then, through system biology 

tools, some useful information was found hidden behind 
the lists of  significantly up- and down-regulated genes 
that may be further illustrate the pathogenesis of  UC.

MATERIALS AND METHODS
Patient selection and blood sample processing
The diagnoses of  patients were based on a combination 
of  clinical features, endoscopy and pathology findings us-
ing standard diagnostic criteria[4,20]. Two groups of  patient 
samples were recruited at the First Affiliated Hospital of  
Kunming Medical University. Group one was composed 
of  12 UC patients (half  males and half  females, mean 
age 36.25 ± 10.98 years; range 19-60 years, Table 1) and 
6 healthy controls (3 females, mean age 35.17 ± 14.88 
years; range 19-60 years) for microarray analysis. Median 
duration of  disease was 4.33 years (range 1-12 years). At 
the time of  recruitment, four patients were not receiving 
therapy, eight patients were receiving 5-aminosalicylic acid 
treatment, and none of  them had taken corticosteroids or 
immunodepressants during the three months preceding 
their enrolment. The Sutherland Disease Activity Index 
was used to assess disease activity; all the patients were 
in active stage (scores ranging from 5 to 12). Group two 
was extended to 21 patients (mean age 30 ± 9.58 years; 
range 20-46 years) and 21 age- and sex-matched healthy 
individuals (mean age 32 ± 11.3 years; range 24-50 years) 
for the subsequent reverse transcription polymerase chain 
reaction (RT-PCR) analysis intending to verify and investi-
gate the epidemiology of  interesting markers.

To avoid the potential effect of  diseases or condi-
tions other than UC, which may lead to gene expression 
changes in PBMCs, the following strict exclusion criteria 
were implemented to screen combined diseases of  (1) 
immune deficiency disease; (2) autoimmune-related dis-
eases; (3) hematological diseases; and (4) any treatment or 
disease that would be an apparent factor affecting gene 
expression in these cells (e.g., chronic obstructive pulmo-
nary disease, allergy, smoking, chronic alcohol consump-
tion, hormonal or other medications, etc.). Controls were 
persons who receiving a regular medical checkup at the 
First Affiliated Hospital of  Kunming Medical University 
with the excluded diseases or factors mentioned above.

After obtaining approval of  the Institutional Review 
Board and Ethics Committee, and informed consent of  
all 60 individuals, blood samples (10 mL) were collected 
at the Clinical Laboratory of  First Affiliated Hospital 
of  Kunming Medical University, and then PBMCs were 
isolated immediately. Each PBMC biopsy was added to 1 
mL TRIzol Reagent (Invitrogen, CA, United States) and 
then kept at -80 ℃ until isolation of  the RNA. 

RNA isolation and microarray experiments
The RNA amplification, labeling, hybridization, and data 
extraction were performed at the National Engineering 
Research Center for Biochip at Shanghai. Briefly, total 
RNA was extracted from PBMCs with Trizol Reagent 
(Invitrogen, United States), then purified to remove ge-
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nomic DNA contamination and concentrated using an 
Rneasy Plus Mini kit (Qiagen, Hilden, Germany). RNA 
quality was assessed by determining the 26S/18S ratio us-
ing a Bioanalyzer 2100 (Agilent, CA, United States). Two 
micrograms of  RNA from each subject of  group one 
was converted into cyanine-5 labeled target cRNA, then 
hybridized to the Human OneArray microarray (Phalanx 
Biotech Group, Taiwan, China) containing 32050 oli-
gonucleotides: 30968 human genome probes and 1082 
experimental control probes. A complete description of  
the array is available at www.phalanxbiotech.com. The 
followed procedure was washing, scanning and extract-
ing gene expression results (DNA Microarray Scanner 
G2565B, Agilent, United States) according to the manu-
facturer’s protocol. Raw intensity values were normalized 
and log-transformed by GeneSpring GX 10 software 
(Agilent Technologies, United States). 

Statistical analysis
We applied the rostral ventromedial medulla (RVM) t test 
to filter the differentially expressed genes for the control 
and experimental groups because the RVM t test can raise 
degrees of  freedom effectively in the cases of  small sam-
ples. After the significant analysis and false discovery rate 
(FDR) analysis, we selected the differentially expressed 
genes according to the P < 0.01 as a threshold. Gene 
ontology (GO) analysis was applied in order to organize 
disregulated genes into hierarchical categories according 
to the key functional classification of  the National Center 
for Biotechnology Information, and to uncover the gene 
regulatory network on the basis of  biological process and 
molecular function[21]. Generally, Fisher’s exact test and 
χ 2 test were used to classify the GO category, and the 
FDR[22] was calculated to correct the P value, since the 
smaller the FDR, the smaller the error in judging P value. 
We chose only GO categories that had a P of  < 0.01. 
Within the significant category, the enrichment Re was 
given by Re = (nf/n)/(Nf/N) where nf  is the number of  
differential genes within the particular category, n is the 
total number of  genes within the same category, Nf  is the 
number of  differential genes in the entire microarray, and 
N is the total number of  genes in the microarray[23].

Validation of microarray results by semi-quantitative 
RT-PCR
For the second part of  our study, mRNA from 21 UC 
patients and 21 age- and sex-matched controls was 
used for RT-PCR. Primers for PCR validations were 
designed using Primer-3 software[24]. Primer sequences 
are presented in Table 2. Total RNA was extracted from 
PBMCs and purified using the Rneasy Kit according to 
the manufacturer’s instruction (Qiagen, United States) 
and converted to cDNA by moloney murine leukemia 
virus reverse transcriptase with oligo(dT) primer in the 
presence of  RNAsin (Stratagen, United States). After 
reverse transcription, 1/10th of  the cDNA was used for 
each PCR reaction with 0.2 μmol/L of  each primer, 100 
μmol/L dNTPs, 2 mmol/L MgCl2, and 1 U Taq poly-
merase (Promega, Madison, WI, United States). Cycling 
conditions were the same for all primer pairs: 94 ℃ for 
2 min, and then 30 cycles at 94 ℃ for 30 s followed 
by 55 ℃ for 45 s and 72 ℃ for 45 s. β-Actin served as 
a quantitative control and its sense primer is 5’-TTC-
CAGCCTTCCTTCCTGG-3’ and antisense primer, 
5’-TTGCGCTCAGGAGGAGCAAT-3’. PCR products 
were fractionated by agarose electrophoresis, stained with 
ethidium bromide, and visualized under ultraviolet light. 
Densitometric analysis was done using Bio-Rad’s Quan-
tity One software. Statistical significance was tested using 
Student’s t test.

RESULTS
Analysis of differentially regulated genes in UC
Identifying differential expression genes was achieved in 
12 UC cases and 6 age- and sex-matched healthy controls 
by using RVM t test with a FDR of  0.5% and P < 0.01. 
Comparative analysis revealed that 4438 probes (4188 
genes) were differentially expressed between the two 
groups, of  which 3689 probes (3590 genes) were down-
regulated whereas 749 probes (598 genes) were up-regu-
lated. The data presented here confirm 10 (SERPINB2, 
IGHG3, FUT4, Meis1, ZNF145, NFKBIA, APBB2, 
IGHM, COPG2, PTGDS) of  71 reported genes identified 
by Burczynski et al[25] with similar design of  our study. Ex-
cepting SERPINB2, we also observed the up-regulation 
of  another fundamental inhibitor of  the fibrinolytic pro-
cess: SERPINE1 fold change (FC) 3.15, P = 3.8 × 10-6. 

Some disregulated genes found in mucosal biopsies 
of  UC also appeared in the present PBMC study, such as 
genes for up-regulating of  S100 family proteins (S100A8, 
FC 2.24, P = 0.0016) and S100A9 (FC 3.24, P = 0.00041), 
as reported by Lawrance et al[7] and Noble et al[12], and 
carcinoembryonic antigen-related cell adhesion mol-
ecule 1 (CEACAM1, FC 4.59, P = 0.00027) observed by 
Costello et al[8] and Dooley et al[26]. In general, compared 
to four recently published papers that applied microarrays 
to explore gene expression profiles of  endoscopic pinch 
mucosal biopsies with UC, our data confirmed 7 over-
expressed (27%) and 14 down-regulated (22%) genes 
reported by Wu et al[11]. Another microarray study found 
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  No. Age (yr) Sex Duration (yr) Extent SDAI Therapy

  1 19 F   1 Proctitis   5 No therapy
  2 27 F   5 Proctosigmoiditis   7 5-ASA
  3 30 F   2 Proctosigmoiditis   6 No therapy
  4 34 F   2 Proctosigmoiditis   7 No therapy
  5 40 F   4 Left sided colitis   9 5-ASA
  6 45 F   3 Left sided colitis   8 5-ASA
  7 22 M   3 Proctosigmoiditis   7 5-ASA
  8 33 M   7 Pancolitis 10 5-ASA
  9 37 M   2 Proctosigmoiditis   8 No therapy
  10 40 M   5 Pancolitis   9 5-ASA
  11 48 M   6 Left sided colitis   8 5-ASA
  12 60 M 12 Pancolitis 12 5-ASA

Table 1  Subject characteristics

M: Male; F: Female; 5-ASA: 5-Aminosalicylic acid; SDAI: Sutherland dis-
ease activity index.
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P > 0.05) (Figure 2).

DISCUSSION
Clarifying the molecular mechanisms leading to UC re-
mains a major challenge. 

Definite diagnosis of  UC mainly depends on colo-
noscopy and a following invasive biopsy due to deficiency 
of  molecular markers for UC, and current first-line thera-
pies generally target downstream of  the inflammatory 
cascade. For these reasons, it is exigent to generate new 
biologic agents aimed at specific inflammatory processes 
and to explore disease specific molecular markers to fa-
cilitate diagnosis. To identify the molecules involved in 
activation behavior of  PBMCs in UC, we compared the 
gene expression profiles of  PBMCs between UC patients 
and healthy individuals using microarray technology. In 
addition, GO enrichment analysis, which was based on 
the significant disregulated genes, has been developed to 
reveal whether particular functions were enriched. 

To the best of  our knowledge, there is only one pub-
lished study on PBMC gene expression profiles in UC. 
Comparison of  that study with the present Phalanx ar-
ray screening on 30968 genes, which represents the first 
gene expression analysis in an Asian population, shows 
consistency with data from Burczynski et al[25] who found 
that the most highly expressed gene commonly elevated 
in both IBDs was that for the protease inhibitor SER-
PINB2: we also observed the upregulation of  SERPINB2 
in UC patients. Another gene for fundamental inhibi-
tor of  the fibrinolytic process, SERPINE1 (also called 
PAI-1) showed upregulation in our data. Increased plas-
ma levels of  PAI-1 have been found in IBD patients[26], 
this suggests that these molecules might contribute to the 
imbalance of  the coagulation system and thromboem-
bolic events in UC. Another consistent finding was the 
up-regulated expression of  two immunoglobulin encod-
ing sequences, IgHG3 and IGHM. This correlates with 
the finding that elevated serum immunoglobulin G (IgG) 
levels are found in patients with UC, and is reminiscent 
of  the finding that IgG antibodies to organ specific auto-
antigens such as colonic epithelial cells and antineutrophil 
cytoplasmic are identified in the colon of  UC patients, 
and that these antibodies originate in the periphery. 

A response to the peripheral antigens which have 
switched isotype to cross react with antigens of  the flora 
or/and autoantigens which are normally segregated by 
the endothelial barrier[27] may result in mucosal inflamma-

differences in 143 genes, of  which our data confirmed 27 
(18.9%)[12]. Twenty-six up- and 9 down-regulated genes 
out of  272 differentially regulated genes reported by 
Costello et al[8] were seen in our data. Among the eight 
up-regulated genes reported by the only microarray study 
based on an Asian UC population carried out by Oka-
hara et al[10], up-regulation of  the TFF1 gene was the only 
consistent finding. Although there is little overlap be-
tween the individual genes identified compared to those 
microarray studies due to different microarray platforms, 
specimens, and race, all the studies point to the involve-
ment of  one major biological process: the immune and 
inflammatory response.

To analyze functional differences represented by dif-
ferentially expressed genes, we conducted a GO analysis. 
A P < 0.01 in the Fisher’s exact tests was selected as the 
significant criteria. Using this threshold, a total of  67 
high-enrichment GOs targeted by over-expressed genes 
and one term corresponding to under-expressed genes 
(nucleosome assembly) were identified. Over-expressed 
genes were mainly segregated to three critical biological 
processes: (1) immune and inflammatory response (im-
mune response, inflammatory response, innate immune 
response, positive regulation of  natural killer cell-mediat-
ed cytotoxicity); (2) cell cycle and proliferation [cell cycle, 
cell proliferation, natural killer (NK) cell proliferation, 
natural killer T (NKT) cell proliferation, cell differentia-
tion, cell division, cell cycle arrest]; and (3) DNA me-
tabolism and repair (response to DNA damage stimulus, 
DNA repair, DNA recombination). The GO terms and 
enrichment are shown in Figure 1.

Validation of selected microarray results
To validate the microarray data results, we chose six 
genes to quantify by RT-PCR in 21 UC cases and 21 
controls. In agreement with the microarray data, of  the 
four up-regulated genes, three were found to be ex-
pressed to a significantly greater extent in UC by RT-
PCR (CEACAM6: 0.0491 ± 0.0353 vs 0.955 ± 0.141, 
P < 0.01; ELF4: 0.458 ± 0.143 vs 0.185 ± 0.0703, P < 
0.01; MEFV: 0.451 ± 0.245 vs 0.161 ± 0.0629, P < 0.01). 
Another up-regulated gene, APAF1, also showed the 
same tendency with microarray (0.253 ± 0.168 vs 0.104 
± 0.0308, P < 0.05). Of  two down-regulated genes, SL-
C1A6 was found to be significantly lower in UC than in 
controls (0.144 ± 0.0749 vs 0.356 ± 0.127, P < 0.01), and 
KCNJ11 was not found to be significantly different be-
tween the two groups (0.227 ± 0.0549 vs 0.294 ± 0.0965, 

  Genes Unique ID Forward primer sequence Reverse primer sequence

  CEACAM6 PH_hs_0020590 5’-GGGGACTTCTGTATTATGCTAAC-3’ 5’-GTGGTGCTAAATGCTACATACTC-3’
  ELF4 PH_hs_0009109 5’-CAGATGGGGTCTGATACTGG-3’ 5’-ACGTGTGTATTGCATCATCG-3’
  MEFV PH_hs_0010414 5’-GGACATTGGAGACATCTTGC-3’ 5’-CGCAGGGTTTCTGAGAAGTA-3’
  APAF1 PH_hs_0024223 5’-AGAGACTGAGGCTGATGGTG-3’ 5’-TTAAAGCCAGGCAGTGAATC-3’
  SLC1A6 PH_hs_0032730 5’-CACCATGGTCATTGTGCTTA-3’ 5’-GTGCCATGAGGGACTTGTAG-3’
  KCNJ11 PH_hs_0032311 5’-AGGAGGACGGACGTTACTCT-3’ 5’-GGAATCTGGAGAGATGCTGA-3’

Table 2  Primers used for semiquantitative reverse transcription-polymerase chain reaction
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Figure 1  High-enrichment gene ontology represented by differentially expressed genes. A P < 0.01 in the Fisher’s exact test was selected as the significance 
criterion. Over-expressed genes were mainly segregated to three critical biological processes: immune and inflammatory response, cell cycle and proliferation, DNA 
metabolism and repair. JAK-STAT: Janus kinase-signal transducer and activator of transcription.
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tion. If  this is the case, IgG-producing cells will expand 
through the antigen stimulation. This can explain the 
many up-regulated genes related to cell cycle and positive 
regulation of  cell proliferation seen in our data.

It is of  interest that many disregulated genes in our 
data have been reported by previous microarray studies 
carried out on intestinal mucosa samples, such as genes 
for S100 family proteins (S100A8 and S100A9) reported 
by Lawrance et al[7] and Noble et al[12]. In addition, another 
calcium binding protein, S100A12, has been demon-
strated to be a novel noninvasive marker for IBD with 
high sensitivity and specificity[28]; this gene also showed 
upregulation in our data. Up-regulation of  CEACAM1 
has been reported by Costello et al[8] and Dooley et al[26]. 
The up-regulation of  another CEACAM family gene 
in our data, CEACAM6, has not been reported by any 
microarray study but has been found acting as a receptor 
for certain bacteria[29].

Although there is little overlap between the individual 
genes identified compare to those other microarray stud-
ies due to different microarray platforms, specimens, and 
race, all the studies point to the involvement of  one major 
biological process: immune and inflammatory response. 
GO enrichment analysis found several high-enrichment 
terms linked to immunity and inflammation, including 
immune response (33 genes), inflammatory response (17 
genes), innate immune response (9 genes). The fact that 
the immune system and inflammatory mechanisms are 
activated in IBD is also well known[30]. It is not surprising 
that a general up-regulation of  immune and inflamma-
tory response genes is a feature of  the intestine due to 
the nonsterile environment, but many up-regulated genes 
appear in PBMCs that had been ruled out by excluding 
patients with infections, malignancies, autoimmune dis-
orders and so on that may impact the gene expression 
of  PBMCs consistent with its role in the pathogenous 
of  UC. Evidently, not all of  those genes involved in im-
mune and inflammatory categories are UC specific. Other 
inflammatory conditions such as arthritis, dermatitis and 
atherosclerosis share common immunologic/inflamma-

tory mechanisms, although in different organ systems. 
Therefore, it is of  importance to identify the profile of  
inflammatory genes that are differentially expressed in UC 
and compare it with those that characterize other inflam-
matory diseases. Although a crossover of  some of  these 
mechanisms is expected, it is highly plausible that differ-
ences between the diseases will also become apparent. 
Such differences have great potential as better diagnostic 
and prognostic biomarkers for these conditions.

NK cells and NKT cells are effector lymphocytes of  
the innate immune system and can limit or exacerbate 
immune responses[31]. Labeled peripheral blood granu-
locytes and monocytes have been shown to accumulate 
rapidly to the diseased intestine in IBD patients[15], leading 
to increased numbers of  NKT cells accumulating in the 
lamina propria[32]. This movement is correlated with the 
disease activity[14]. NK cells and NKT cells can contribute 
to tissue damage not only by their direct cytotoxic effects 
on the targets, but also by secretion of  inflammatory cyto-
kines, and those cytokines can enhance their cytotoxicity 
and attract much more leukocyte aggregation to release 
more chemokines that perpetuate and amplify this vicious 
circle[33,34]. Considering cell cycling is essential to induce 
tolerance and generate effector T cells[35], a faster cycle will 
thus lead to an increased capacity for cellular expansion. It 
is tempting to speculate that up-regulated genes positively 
modulate proliferation of  NK cells, NKT cells and cell 
cycling, playing a vital role in putting PMBCs as a source 
of  effector immune cells in the inflamed intestine and 
magnifying the function of  innate immunity and breaking 
the immune homeostasis. Therefore, it is a promising tar-
get to restrain the activation and proliferation of  NK and 
NKT cells for treatment in active patients. However, the 
action of  microflora and other factors which can activate 
these cells is complex and obscure. Accordingly, ELF4 
and MEFV, which are overexpressed genes from the cat-
egories that regulate the proliferation of  NK and NKT 
cells, might be a focus of  interest. 

Studies have suggested that ELF4 is a key transcrip-
tional regulator of  innate immune cells, affecting the 
number and function of  NK cells and NKT develop-
ment[36]. In a murine experiment[36], the number of  NKT 
cells was significantly reduced in the ELF4-deficient thy-
mus. Similarly, NK cell development and function is im-
paired, with a 60% reduction in the number of  NK cells 
in ELF4 knock-out spleens and defects in their function. 
Another gene, MEFV, responsible for familial Mediter-
ranean fever (FMF), also may contribute to the onset of  
IBD. One epidemiologic investigation of  non-Askhenazi 
Jews indicated that FMF patients have a high incidence 
and severity of  both Crohn’s disease (CD) and UC[37], 
indicating the potential modifying effect of  MEFV ex-
pressed in certain inflammatory diseases. The expression 
of  MEFV was found to be significantly higher in the 
colonic mucosa of  colitis mice models (trinitrobenzene-
sulfonic acid and dextran sodium sulfate) and CD and 
severe UC patients[38]. Apart from MEFV and ELF4, 
upregulated genes involved in categories that relate to cell 
growth and proliferation, including positive regulation of  
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Figure 2  Semiquantitative relative reverse transcription-polymerase chain 
reaction validation of 6 selected genes. The values were normalized against 
β-actin. Graph bars indicate the averaged absorbance (A) ratios between each 
gene and β-actin. Values represent the mean ± SE. Significance levels were: 
aP < 0.05, bP < 0.01 vs control subjects. UC: Ulcerative colitis.
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cell proliferation, cell division, cell proliferation, also de-
serve further exploration. 

Chromosome instability and microsatellite instabil-
ity (MSI) have been proven to be associated with UC[39], 
and further contribute to the carcinogenesis of  UC-
associated neoplasms[40]. Increased production of  free 
radicals may impair cellular and DNA proteins and de-
crease the ability of  the cell to repair DNA damage prior 
to replication. We have identified increased expression of  
transcripts involved in DNA repair in PBMCs (response 
to DNA damage stimulus, DNA repair, DNA recom-
bination, double-strand break repair via homologous 
recombination, DNA replication, and positive regulation 
of  DNA repair). Those categories positively regulating 
DNA repair seem to act as a defense role against carci-
nogenesis in UC, but opposite to this conjecture, a recent 
study observed that increased activity of  base excision 
repair enzymes can contribute to increasing of  MSI in in-
flamed UC mucosa[41]. Another study identified increased 
transcription involved in DNA repair in UC-associated 
colorectal cancer biopsies compared to UC mucosa[42]. In 
other words, increased expression of  those categories in-
volved in DNA repair may be injurious to the stability of  
the genome and may even increase neoplastic risk. Wata-
nabe et al[43] have identified 40 genes which are involved 
in categories such as in cell cycle, cell proliferation, and 
receptor activity to predict the development of  cancer 
and/or dysplasia in UC with sensitivity and specificity of  
100% and 83.7%, respectively. The disregulated genes 
involved in categories of  cell cycle and DNA repair iden-
tified in our study deserve in-depth studies to investigate 
the possibility of  non-invasive markers for predicting the 
development risk of  cancer in UC patients. 

In conclusion, this study identified genome-wide gene 
expression profiles of  PBMCs in UC, and GO analysis 
highlighted the significance of  several categories related 
to the immune and inflammatory response, cell cycle 
and proliferation and DNA repair. The gene enrichment 
analysis provides greater understanding of  the processes 
that may be involved in UC.
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