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Abstract
Purpose Our aims were to evaluate protein tyrosine phos-
phatase nonreceptor type 22 (PTPN22) gene polymorphisms
in ulcerative colitis (UC) and explore PTPN22 mRNA
levels in colonic biopsies of UC patients in central China.
Methods A total of 165 Chinese UC patients and 300 healthy
controls were enrolled in this study. PTPN22 −1123G/C,
+1858C/T, and +788G/A polymorphisms were genotyped
by PCR-restriction fragment length polymorphism method.
PTPN22mRNA expressions in colonic biopsies and serum C-
reactive protein (CRP) levels were determined by quantitative
PCR and immunonephelometry, respectively.
Results The frequency of C carrier was higher in UC patients
than in healthy controls (66.7 vs. 53.3 %, P=0.005, odds
ratios=1.75, 95 % CI 1.18–2.60) and associated with extensive
colitis (P=0.029). PTPN22 mRNA levels were elevated in UC
patients than in healthy controls (P<0.001). Among UC pa-
tients, PTPN22 mRNA expression levels were higher in biop-
sies of inflamed colonic tissue compared with noninflamed
tissue (P<0.001) and were correlated with CRP levels
(r=0.578, P<0.001). PTPN22 mRNA expression levels were

elevated in extensive colitis compared to proctitis (P=0.008)
and to left-sided colitis (P=0.029) and were higher in moderate
and severe disease than in mild disease (P=0.005).
Conclusions Our study showed the potential association
between PTPN22 −1123G/C polymorphism and UC in cen-
tral China. PTPN22 mRNA levels were highly expressed in
UC, especially in active disease, and were correlated with
CRP levels, disease location, and disease severity in UC
patients.
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Introduction

Inflammatory bowel disease (IBD) is a chronic, relapsing
intestinal inflammatory disorder and is commonly classified
into ulcerative colitis (UC) and Crohn’s disease (CD). Current
studies suggest that this disease results from the complex
interaction of genetic, immune, and environmental factors
[1]. UC has been considered as a typical model of disease as
a result of an exaggerated T-cell response [1]. The gene
protein tyrosine phosphatase nonreceptor type 22 (PTPN22)
encodes the gatekeeper of T-cell receptor (TCR) signaling,
cytoplasmic lymphoid tyrosine phosphatase (LYP), and as
such is a likely candidate risk factor for UC because of its
role in down-regulation of T-cell activation [2].

In T cells, LYP is a potent negative regulator of TCR
signaling through dephosphorylation of several key media-
tors of TCR signal transduction, including the Src family
kinases Lck and Fyn, as well as ZAP-70 and TCRzeta [3, 4].
These studies also suggest that inhibition of LYP might be
beneficial in autoimmunity. Several academic laboratories
have begun developing small molecule inhibitors of LYP [5,
6]. If confirmed by further validation data, this will make
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LYP as a possible drug target for autoimmunity. Mutation of
PTPN22 gene may influence T-cell activation and induce
autoimmune diseases such as type 1 diabetes, autoimmune
thyroid disease, and rheumatoid arthritis [7].

Numerous studies provide evidence that the PTPN22 gene
is involved in human susceptibility to autoimmune diseases
[2, 7, 8]. Several single nucleotide polymorphisms have been
associated with type 1 diabetes, rheumatoid arthritis, systemic
lupus erythematosus, IBD, and other autoimmune diseases;
however, some of these associations have not been confirmed,
and there are even some contradictory data in different
populations [9–11]. Specifically, the +1858C/T (R620W) has
been the most investigated PTPN22 polymorphism in auto-
immunity diseases, and the allele frequencies vary remarkably
among the different populations [7]. The R620W variation
disrupts the interaction between Lck and LYP, leading to
reduced phosphorylation of LYP, which ultimately contributes
to gain-of-function inhibition of T-cell activation [3].
Inspiringly, Kawasaki et al. [12] carried out a systemic re-
search on PTPN22 gene by direct sequencing in the Japanese
population and found that the mutation of PTPN22
gene associated with type 1 diabetes is not +1858C/T
but −1123G/C. Recently, the polymorphism of −1123G/C,
located in the promoter region of the PTPN22 gene, was
shown to be correlated with rheumatoid arthritis and type 1
diabetes in Chinese population [13–15]. The newly described
polymorphism, +788G/A in exon 10 of PTPN22 gene, within
the catalytic domain of the enzyme, was found to be associated
with UC [11] and was a loss-of-function mutation that confers
protection against development of rheumatoid arthritis and
systemic lupus erythematosus [16, 17].

Despite the promising role of the PTPN22 gene, there are
very few studies that have assessed its role in UC patients; it
is not clear whether the −1123G/C mutation or another
variant somewhere else within the PTPN22 gene is associ-
ated with UC in Chinese population. Therefore, in this
study, we performed a detailed genotype–phenotype analy-
sis of the polymorphism of −1123G/C, +1858C/T, and
+788G/A in PTPN22 gene in a cohort of UC patients and
healthy controls in central China and investigated PTPN22
mRNA expression levels in colonic biopsies and serum
levels of C-reactive protein (CRP) in patients with UC.

Materials and methods

Subjects

A total of 165 unrelated Chinese patients with UC of Han
ethnicity were collected from The Central Hospital of Wu-
han in central China in this study. The diagnosis was based
on conventional clinical, radiological, endoscopic, and his-
tological criteria [18]. The location of disease was defined

according to the Montreal classification (ulcerative proctitis,
left-sided colitis, and extensive colitis) [19]. The severity of
UC was determined according to Truelove and Witts criteria
(mild colitis, moderate colitis, and severe colitis) [20]. We
combined moderate and severe colitis since there were only
nine patients in the severe group. A total of 57 of 165 UC
patients were randomly selected for PTPN22 mRNA ex-
pression analysis. Demographic characteristics and clinical
features of the patients with UC are shown in Table 1. We
also analyzed PTPN22 mRNA expression levels in 25 pa-
tients with other form of colitis (OFCs). The OFC group
consisted of patients with non-IBD gastrointestinal inflam-
mation, including infectious colitis, ischemic colitis, and
colitis related to diverticular disease.

A total of 300 age- and sex-matched healthy controls were
selected from the medical staff of The Central Hospital of
Wuhan, as well as from healthy volunteers in the same geo-
graphic area of Wuhan City. The healthy controls were ethni-
cally matched and had no symptoms suggestive of chronic
bowel disease and no personal or family history of UC. In all,
11 of 300 healthy controls were randomly selected for
PTPN22 mRNA analysis. Informed consent was taken from
all study subjects. The study protocol was approved by the
ethics committees of The Central Hospital of Wuhan.

Table 1 Demographic characteristics and clinical features of the pa-
tients with ulcerative colitis (UC) and healthy controls

UC, n=165 (%) Healthy controls,
n=300 (%)

Gender

Male 95 (57.6) 165 (55.0)

Female 70 (42.4) 135 (45.0)

Age (years) [mean ± SD] 41.3±13.5 43.7±11.2

Mean course of disease
[mean ± SD]

3.9±1.5

Disease location

Proctitis 55 (33.3)

Left-sided colitis 62 (37.6)

Extensive colitis 48 (29.1)

Disease severity

Mild 70 (42.4)

Moderate 86 (52.1)

Severe 9 (5.5)

Extraintestinal manifestations

Yes 24 (14.5)

No 141 (85.5)

Treatment

SASP/5-ASA 124 (75.2)

Steroid 58 (35.2)

Immunosuppressive agents 4 (2.4)

Operation 1 (0.6)
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DNA isolation

A blood sample was obtained from each case and healthy
control and was used for DNA extraction. Genomic DNA
was isolated from 5 ml EDTA anticoagulated venous blood
according to the standard protocol of the QiAamp DNA
Blood Midi kit (Qiagen, Hilden, Germany). The quality of
DNA samples was checked by measuring the A260/280 ratio
using a NanoDrop2000C spectrophotometer (Thermo,
Asheville, NC, USA). The ratio fell between 1.8 and 2.0
for all samples.

PTPN22 genotyping

The −1123G/C, +1858C/T, and +788G/A polymorphisms in
PTPN22 gene were determined by PCR-restriction fragment
length polymorphism (PCR-RFLP) analysis.

For genotyping of the −1123G/C (rs2488457) variant in
PTPN22 gene, PCR was performed to detect −1123G/C
polymorphism by using forward primer 5′-CCA TTG
AGA GGT TAT GCG AGC T-3′ and reverse primer 5′-
CGC CAC CTT GCT GAC AAC AT-3′ [14]. PCR was
performed as follows: initial denaturation at 95 °C for
5 min, followed by 35 cycles of 95 °C for 40 s, 58 °C for
40 s, and 72 °C for 40 s, and final extension at 72 °C for
5 min. The PCR product of −1123G/C variant was digested
at 37 °C for 3 h with SacI restriction enzyme (Fermentas,
Burlington, ON, Canada). DNA fragments were then sepa-
rated by electrophoresis on 2.5 % agarose gel and were
stained with ethidium bromide. The product after digestion
with SacI was 323 bp fragment representing a C/C geno-
type, two fragments of 298 and 25 bp representing a G/G
genotype, and three fragments of 323, 298, and 25 bp
representing a G/C genotype.

For genotyping of the +1858C/T (rs2476601) variant in
PTPN22 gene, PCR was performed to detect +1858C/T
polymorphism by using forward primer 5′-ACC CAT TGA
GAG GTT ATG CGA GCT-3′ and reverse primer 5′-TAG
AAA GCC TGA AGA ACT G-3′ [13]. PCR was performed
as follows: initial denaturation at 95 °C for 5 min, followed
by 35 cycles of 95 °C for 40 s, 53 °C for 40 s, and 72 °C for
40 s, and final extension at 72 °C for 5 min. The PCR
product of +1858C/T variant was digested at 37 °C for 3 h
with RsaI restriction enzyme (Fermentas). DNA fragments
were then separated by electrophoresis on 2.5 % agarose gel
and were stained with ethidium bromide. The product after
digestion with RsaI was 252 bp fragment representing a T/T
genotype, two fragments of 217 and 35 bp representing a
C/C genotype, and three fragments of 252, 217, and 35 bp
representing a T/C genotype.

For genotyping of the +788G/A (rs33996649) variant in
PTPN22 gene, PCR was performed to detect +788G/A
polymorphism by using forward primer 5′-GAT GGA

GCA AGA CTC AGA CAC-3′ and reverse primer 5′-CCC
CAT GTT AGA AGA GCA GAT-3′ [14]. PCR was
performed as follows: initial denaturation at 95 °C for
5 min, followed by 35 cycles of 95 °C for 40 s, 53 °C for
40 s, and 72 °C for 40 s, and final extension at 72 °C for
5 min. The PCR product of +788G/A variant was digested at
37 °C for 3 h with MspI restriction enzyme (Fermentas).
DNA fragments were then separated by electrophoresis on
2.5 % agarose gel and were stained with ethidium bromide.
The product after digestion with MspI was 234 bp fragment
representing an A/A genotype, two fragments of 91 and
143 bp representing a G/G genotype, and three fragments
of 234, 91, and 143 bp representing a G/A genotype.

For quality control purposes of genotyping, all experi-
ments were repeated twice, and positive and negative con-
trols were processed with each batch of samples to ensure
accuracy. Positive controls consisted of randomly chosen
samples (20 %), as determined by direct DNA sequencing
using an ABI 3730 apparatus (Applied Biosystems, Foster
City, CA, USA).

Colonic biopsies

Biopsies were taken from patients with UC and patients
with non-IBD controls undergoing diagnostic colonoscopy
and from healthy controls undergoing screening colonosco-
py for colorectal cancer after written informed consent. Four
biopsies were collected from each UC patient: two from
macroscopically noninflamed sites and two from macro-
scopically inflamed mucosa. Two biopsies from macroscop-
ically inflamed mucosa were collected from non-IBD
controls. Two biopsies from macroscopically noninflamed
mucosa were collected from healthy controls. PTPN22
mRNA expression levels were measured in each individual
biopsy.

RNA extraction and complimentary DNA (cDNA) synthesis

Total RNAwas extracted from fresh colonic biopsies of UC
patients, non-IBD controls, and healthy controls, with Trizol
reagent according to the manufacturer’s instruction
(Invitrogen, Carlsbad, CA, USA). A total of 1 μg of RNA
was reverse-transcribed into cDNA using a First Strand
cDNA Synthesis Kit (Fermentas).

Quantitative PCR of PTPN22 mRNA

Expression levels of PTPN22 mRNA in colonic biopsies
were detected by quantitative PCR analysis with a Rotor-
Gene 3000 system (Corbett Research, Concorde, NSW,
Australia) using the Quantitect SYBR Green PCR Kit
(Takara, Shiga, Japan) following the manufacturer’s guide-
lines, employing the β-actin gene as a reference gene. The
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following primer pairs were used [21]: PTPN22—forward
5′-TGC CCA CCA AAC AAG CC-3′ and reverse 5′-TGG
TGG TGG ATT CCT TGG-3′; β-actin—forward 5′-AGC
CAT GTA CGT TGC TAT-3′ and reverse 5′-CTTAAT GTC
ACG CAC GAT TT-3′. PCR conditions were as follows: an
initial denaturation at 95 °C for 10 min, followed by 45
cycles of 95 °C for 20 s, 56 °C for 20 s, and 72 °C for 20 s,
and final extension at 72 °C for 10 min. The relative changes
in gene expression were quantified using comparative CT
methods [22, 23].

Determination of serum levels of CRP

A blood sample from each patient and the healthy control was
collected in serum separator tubes and was then centrifuged
for 15 min at 1,000×g, right after a 30-min clotting period had
elapsed. All serum samples were stored at −80 °C until
assayed. Serum CRP measurements were performed by
immunonephelometry [24] with the Behring Nephelometer
Analyzer II (BNII) using the N High Sensitivity kit (Dade
Behring, Marburg, Germany) according to manufacturer’s in-
structions. Each sample was tested in triplicate.

Statistical analysis

The statistical analysis was done by SPSS 13.0 software
(SPSS Inc., Chicago, USA). The comparisons of the
genotype and allelic frequencies were performed using
the chi-square (χ2) test with Yates’ correction or Fish-
er’s exact test. Odds ratios (OR) and 95 % confidence
intervals (CI) were calculated for the disease in carriers
of the specific alleles. Continuous variables were
reported as means ± standard deviation (SD), and sta-
tistical comparisons were performed with the two-tailed
Student’s t test and one-way ANOVA analysis. The
correlation coefficients between variables were examined
by nonparametric correlation (Spearman r). A P value<
0.05 was considered statistically significant.

Results

Distribution of PTPN22 allele and genotype frequencies
in patients with UC and in healthy controls

In all subjects, genotype distributions were in Hardy–
Weinberg equilibrium for the −1123G/C polymorphisms
(P=0.645 in UC and 0.057 in controls). The sex ratio
and distribution of age did not differ between UC
patients and healthy controls (P=0.592 and P=0.849,
respectively).

The distribution of allele and genotype frequencies of
−1123G/C, +1858C/T, and +788G/A in PTPN22 gene in

patients with UC and in healthy controls is shown in Table 2.
The prevalence of the GC genotype tended to be higher in UC
patients than in controls, reaching a significant difference
(50.3 vs. 39.7 %, P=0.027, OR=1.54, 95 % CI 1.05–2.26).
When combining the GC and CC genotypes, the frequency of
C carrier was higher in UC patients than in controls (66.7 vs.
53.3 %, P=0.005, OR=1.75, 95 % CI 1.18–2.60). Similarly,
the frequency of the C allele was increased in UC patients
when compared with the controls (41.5 vs. 33.5 %, P=0.015,
OR=1.41, 95 % CI 1.07–1.86). The distribution of +1858C/T
and +788G/A allele and genotype frequencies did not differ
between UC patients and the healthy controls.

Association of −1123G/C polymorphism in PTPN22 gene
with disease characteristics in UC patients

The association between −1123G/C polymorphism and dis-
ease characteristics of UC patients is shown in Table 3.
There were no associations between −1123G/C polymor-
phism and some disease characteristics such as gender, age,
extraintestinal manifestation as well as “drug therapy,” but
there was a higher incidence of extensive colitis in C carrier
of −1123G/C compared to GG genotype in UC patients
(34.5 vs. 18.2 %, P=0.029, OR=2.38, 95 % CI 1.08–5.23).

Table 2 Distribution of PTPN22 −1123G/C, +1858C/T, and +788G/A
allele and genotype frequencies in patients with ulcerative colitis (UC)
and healthy controls

UC, n=165 (%) Healthy controls, n=300 (%)

−1123G/C

GG 55 (33.3) 140 (46.7)

GC 83 (50.3)† 119 (39.7)

CC 27 (16.4) 41 (13.7)

C carrier 110 (66.7)‡ 160 (53.3)

G allele 193 (58.5) 399 (66.5)

C allele 137 (41.5)* 201 (33.5)

+1858C/T

CC 165 (100.0) 300 (100.0)

CT 0 (0.0) 0 (0.0)

TT 0 (0.0) 0 (0.0)

C allele 330 (100.0) 600 (100.0)

T allele 0 (0.0) 0 (0.0)

+788G/A

GG 165 (100.0) 300 (100.0)

GA 0 (0.0) 0 (0.0)

AA 0 (0.0) 0 (0.0)

G allele 330 (100.0) 600 (100.0)

A allele 0 (0.0) 0 (0.0)

UC vs. healthy controls: †P=0.027, OR=1.54, 95 % CI 1.05–2.26;
‡P=0.005, OR=1.75, 95 % CI 1.18–2.60; *P=0.015, OR=1.41, 95 %
CI 1.07–1.86
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PTPN22 mRNA levels were elevated in active UC patients

As illustrated in Fig. 1, PTPN22 mRNA expression levels
were increased in biopsies of inflamed colonic tissue from
UC patients (n=43) compared with that of healthy controls
(n=11) (P<0.001) and with biopsies of inflamed colonic
tissue from non-IBD controls (n=25) (P<0.001). Among
UC patients, PTPN22 mRNA expression levels were higher
in biopsies of inflamed colonic tissue (n=43) compared with
noninflamed tissue (n=14) (P<0.001). There was no differ-
ence in the PTPN22 mRNA expression levels between
noninflamed tissue of UC patients and colonic biopsies of
healthy controls (P=0.271). PTPN22 mRNA expression
levels did not differ between inflamed tissue of non-IBD
controls and colonic biopsies of healthy controls (P=0.081).

PTPN22 mRNA levels were positively correlated with CRP
levels in UC patients

Patients with active UC had statistically significant higher
CRP levels compared to patients with inactive disease
[(14.54±3.46) vs. (2.97±0.97) mg/l, P=0.005]. PTPN22
mRNA expression levels in colonic biopsies were positively
and significantly correlated with serum CRP levels (r=0.578,
P<0.001) in UC patients.

Association of PTPN22 mRNA levels with clinical features
of UC patients

PTPN22 mRNA expression levels in colonic biopsies in pa-
tients with UC were analyzed after stratification by the loca-
tion, extraintestinal manifestation, severity, and −1123G/C
polymorphism. The location of disease seemed to affect
PTPN22 mRNA expression levels in UC patients. PTPN22
mRNA expression levels were elevated in extensive colitis
(n=13) compared to proctitis (n=12; P=0.008) and to left-
sided colitis (n=18; P=0.029) (Fig. 2). Extraintestinal

Table 3 Association between −1123G/C polymorphism of PTPN22
gene and disease characteristics in patients with ulcerative colitis

−1123G/C

GG, n=55 (%) C carrier, n=110 (%)

Gender

Male 33 (60.0) 62 (56.4)

Female 22 (40.0) 48 (43.6)

Age (years)

<40 29 (52.7) 45 (40.9)

≥40 26 (47.3) 65 (59.1)

Location

Proctitis 22 (40.0) 33 (30.0)

Left-sided colitis 23 (41.8) 39 (35.5)

Extensive colitis 10 (18.2) 38 (34.5)*

Extraintestinal manifestations

Yes 10 (18.2) 14 (12.7)

No 45 (81.8) 96 (87.3)

Treatment

SASP/5-ASA 40 (72.7) 84 (76.4)

Steroid 22 (40.0) 36 (32.7)

Immunosuppressive
agents

1 (1.8) 3 (2.7)

Operation 0 (0.0) 1 (0.9)

*P=0.029, OR=2.38, 95 % CI 1.08–5.23

Fig. 1 Relative expression levels of PTPN22 mRNA in biopsies of
inflamed and noninflamed colonic tissue from UC patients, biopsies of
inflamed colonic tissue from non-IBD controls and colonic biopsies
from healthy controls (HC), utilizing arbitrary units. PTPN22 mRNA
expression levels were normalized to the expression in healthy controls
in which PTPN22 mRNA expression levels were set arbitrary as 1.0.
Data are expressed as means ± SD. c vs. b, P<0.05; c vs. a, P<0.05; b
vs. a, P=NS; c vs. g, P<0.05; a vs. g, P=NS; b vs. g, P=NS. NS not
significant

Fig. 2 Relative expression levels of PTPN22 mRNA in colonic biop-
sies in patients with UC after stratification by disease location, utilizing
arbitrary units. PTPN22 mRNA expression levels were normalized to
the expression in proctitis in which PTPN22 mRNA expression levels
were set arbitrary as 1.0. Data are expressed as means ± SD. f vs. d,
P<0.05; f vs. e, P<0.05; e vs. d, P=NS. NS not significant
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manifestation was another parameter analyzed and revealed
no affection on PTPN22 mRNA expression levels (P=0.692).

Concerning disease severity, PTPN22 mRNA expression
levels were influenced by disease severity, exhibiting higher
values in moderate and severe disease (n=27) than in mild
disease (n=16) (Fig. 3, P=0.005). The PTPN22 mRNA
expression levels in subgroups of C carrier of −1123G/C
were higher than those in GG genotype, but the differences
between PTPN22 mRNA expression levels among them did
not reach statistical significance (P=0.273).

Discussion

This study provides evidence for the association between the
−1123G/C polymorphism in PTPN22 gene and UC in the Han
Chinese in central China. We found that the frequencies of C
allele and C carrier of −1123G/C were significantly higher in
UC patients than in healthy controls. Moreover, genotype–
phenotype analysis showed that the C carrier of −1123G/C
was associated with extensive colitis in UC patients. Our
results suggested that the C carrier of −1123G/C may be
predictors for extensive colitis among UC patients, and
PTPN22 −1123G/C polymorphism was likely to have some
effect on disease extent during the course of the disease.

No other studies in the Chinese population on the
−1123G/C polymorphism in relation to UC have been pub-
lished thus far to compare our data; however, a study done in a
Chinese population of rheumatoid arthritis patients showed
similar results: Feng et al. [15] found that the frequency of
the C allele of −1123G/C was significantly increased in pa-
tients with rheumatoid arthritis than in healthy controls. Com-
pared with the controls, patients with type 1 diabetes had a
significantly higher frequency of the GC genotype of
−1123G/C in PTPN22 gene in a Chinese population [13].

The study in Japanese and Korean populations indicated that
the −1123G/C but not +1858C/T polymorphism correlates
with type 1 diabetes [12]. It has been suggested that the C
carrier of −1123G/C polymorphism was associated with rheu-
matoid arthritis in a Norwegian population [25]. In a recent
meta-analysis [26], the polymorphism of the PTPN22 gene
rs6679677 associated with an increased risk for Crohn’s dis-
ease showed significant protective effects in ulcerative colitis
in European ancestry. This discrepancy might be explained by
ethnicity, disease specificity, or gene–environment interactions
present in populations from central China but not in Europe.
These studies and our results indicated a phenomenon that the
association of PTPN22 −1123G/C polymorphism with auto-
immune diseases may be ubiquitous in the Asian population.

In our study, we observed that the polymorphisms of
+1858C/T and +788G/A in PTPN22 gene are almost absent
in the Chinese population. It has been suggested that the
+1858C/T has been the most investigated PTPN22 polymor-
phism in relation to autoimmunity diseases in the Caucasian
population, whereas it is lacking in Asian or other populations
[7, 27]. Diaz-Gallo et al. showed that PTPN22 +788G/A
polymorphism was associated with UC in Spanish Caucasian
population, but not in Dutch and New Zealand population
[11]. This discrepancymight be explained by racial difference.

The current study found that PTPN22 mRNA levels in
biopsies of colonic tissue were increased in UC patients and
were positively correlated with CRP levels. Among UC pa-
tients, PTPN22 mRNA levels were higher in biopsies of
inflamed colonic tissue than in noninflamed tissue. Our find-
ings corroborate those of Ronninger et al. [28] in rheumatoid
arthritis. It showed that PTPN22 mRNA levels were increased
in rheumatoid arthritis than in healthy controls. Chang et al.
[21] found that the relative amounts of PTPN22 mRNA and
protein expression levels were both increased in human Jurkat
T cells after stimulated with anti-CD3. Possible mechanisms
producing high levels of PTPN22 mRNA in UC could be (1)
the majority of patients with UC might produce high levels of
PTPN22 mRNA under certain conditions, for example the
increase of antigen-specific activated T cells [29], and (2)
PTPN22 mRNA levels may correlate with the immunologic
states and complex genetic control.

Furthermore, we evaluated the possible relationship of
PTPN22 mRNA levels in biopsies of colonic tissue with
clinical features of UC patients. Our findings showed that the
increase of PTPN22 mRNA levels in UC patients was rather
unaffected from extraintestinal manifestation, but there was a
significant association of PTPN22 mRNA levels in biopsies
with disease location and severity among the UC patients.
PTPN22 mRNA levels were found significantly elevated in
UC patients with extensive colitis, in comparison with proctitis
and left-sided colitis, and PTPN22 mRNA levels were in-
creased in moderate and severe diseases than in mild disease.
As extensive and severe colitis is considered a more severe

Fig. 3 Relative expression levels of PTPN22 mRNA in colonic biop-
sies in patients with UC after stratification by disease severity, utilizing
arbitrary units. PTPN22 mRNA expression levels were normalized to
the expression in mild colitis in which PTPN22 mRNA expression
levels were set arbitrary as 1.0. Data are expressed as means ± SD
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phenotype with higher rates of dysplasia and colectomy or
colorectal cancer, this finding was likely to provide additional
support for the PTPN22 mRNA levels in biopsies as risk
factors for greater inflammation during the course of UC.

It has been predicted that the DNA sequence around the
−1123G/C site of the PTPN22 gene showed its perfect match
with that of the binding site for transcription factor activator
protein 4 (AP-4). The −1123G/C is located at the critical
region of the core motif of the AP-4 binding consensus
sequence (−1130gcaaGCTGaa−1121; core motif is shown in
uppercase, the position −1123G is in bold). A transcription
factor binding site for AP-4 at position −1123 is predicted in
the presence of the G allele rather than the C allele [30]. Our
results showed that PTPN22 mRNA levels in biopsies were
not associated with −1123G/C polymorphism in PTPN22
gene. Huang et al. also found no significant impact of the
PTPN22 −1123G/C polymorphism on PTPN22 mRNA ex-
pression, although the polymorphism was associated with
rheumatoid arthritis [14]. The genotype-related difference in
PTPN22 mRNA levels may be confined to certain T-cell
subpopulations or a lack of statistical power. As a matter of
fact, PTPN22 mRNA levels are affected not only by PTPN22
gene polymorphism, but also other related polymorphic
genes, such as HLA, has been envisaged [23]. Further studies
are required in order to clarify whether AP-4 influences the
transcription activities of the PTPN22 gene.

In conclusion, our study suggests that the C carrier of
−1123G/C in PTPN22 gene was associated with UC in the
Han Chinese in central China; PTPN22 mRNA levels in
colonic biopsies were highly expressed in UC, especially in
active disease, and were correlated with CRP levels and
disease activity. We recognized that our current study had
limitations of small sample size and lack of functional char-
acterization of the C mutation at this position in the promoter
activity and T-cell activation. Therefore, further studies with a
larger sample size in independent cohorts from the same
ethnic group are necessary to determine the relation of the
PTPN22 −1123G/C polymorphism with UC patients and to
investigate the function of the PTPN22 gene polymorphism.
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