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PTPN2 is associated with Crohn’s disease and
its expression is regulated by NKX2-3
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Abstract. PTPN2 is a risk gene for Crohn’s disease (CD). We investigated whether PTPN2 genetic variants (rs2542151 and
rs2542152) were associated with CD in a familial IBD registry. Both rs2542151 and rs2542152 are associated with CD, but not
ulcerative colitis (UC). mRNA expression levels of PTPN2 were significantly increased in intestinal tissues (p = 0.0493), and
nearly significantly increased in B cells (p = 0.0889) from CD patients, but not significantly altered in UC. cDNA microarray
results found that PTPN2 was down-regulated by NKX2-3 knockdown in human cells. We confirmed this observation by RT-PCR
analyses in NKX2-3 knockdown in B cells from IBD patients and human intestinal microvascular endothelial cells (HIMEC).
In addition, we found that mRNA expression of another IBD-associated gene, NKX2-3, was increased in intestinal tissues and
B cells from CD patients, but not significantly increased in UC patients. A positive correlation was observed between mRNA
expression of PTPN2 and NKX2-3 in B cells and in intestinal tissues from both CD and UC patients. These results suggest that
PTPN2 may have an important role in CD pathogenesis and may represent a potential diagnostic and therapeutic target for IBD.
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1. Introduction

Inflammatory bowel diseases (IBD) are chronic in-
flammatory disorders of the gastrointestinal tract, pri-
marily comprised of Crohn’s disease (CD) and ulcer-
ative colitis (UC). Both genetic and immunological
factors are involved in IBD pathogenesis [1]. The
Wellcome Trust Case Control Consortium (WTCCC)
genome-wide association study reported a strong asso-
ciation (p = 4.6 × 10−8) of the single nucleotide poly-
morphism (SNP) rs2542151, located 5.5 kb upstream
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of the PTPN2 gene (protein tyrosine phosphatase, non-
receptor type 2),with CD [2]. This association has been
replicated by several follow-up studies [3–5]; howev-
er, a functional role for PTPN2 in CD pathogenesis
remains unclear.

The family of protein tyrosine phosphatases (PTPs)
plays a critical role in regulating fundamental cellular
signaling events, including cell proliferation,differenti-
ation and survival [6]. PTPN2 is expressed in intestinal
epithelial cells and helps to maintain barrier function.
It is a key negative regulator of important immune me-
diators STAT1 and STAT3, as well as p38 and ERK1/2
phosphorylation [7]. Two recent studies have reported
increased PTPN2 expression in CD patients [8,9].

We undertook a genetic association replication study
for PTPN2 in patients from a familial IBD registry
fromcentral Pennsylvania. TwoSNPs were genotyped:
rs2542151, showing strong association in the WTCCC
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study; and rs2542152, a follow-up SNP of the WTCCC
study, which is located 2.5 kb upstream of PTPN2. We
then examinedmRNA expression levels of PTPN2 in B
cell lines from the familial IBD registry and in intestinal
tissues from IBD patients.

NKX2-3 (NK2 transcription factor related, locus 3)
is an IBD-associated intestinal transcription factor [1,
2] with increased levels of mRNA expression in CD
patients [10]. Our cDNA microarray data showed that
PTPN2 expression is down-regulated following knock-
down of NKX2-3 in B cells from IBD patients [11,12]
and human intestinal microvascular endothelial cells
(HIMEC) [13]. As this indicated that PTPN2 gene ex-
pression might be regulated by NKX2-3, we compared
PTPN2 expression levels with expression of NKX2-3
in IBD patients.

2. Materials and methods

2.1. Establishment of B cell lines

Epstein-Barr virus (EBV) was obtained from su-
pernatants of the cotton-top tamarin cell line B95-8
(ATCC, Manassas, VA). Using standard procedures, B
cell lines were established for individual family mem-
bers entered into our IBD patient registry [10,11]. B
cell lines were cultured in RPMI-1640 medium con-
taining 10% fetal bovine serum (FBS) at 37◦C in an
atmosphere of 5% CO2.

2.2. Patients and intestinal tissue samples

Patients undergoing surgery at the Penn State Her-
shey Medical Center for a diagnosis of CD participated
in this study. An informed consent was signed by the
patients before surgery. Intestinal tissues were imme-
diately submerged in RNA later (Ambion, CA, USA)
at 4◦C overnight, then stored frozen at −70◦C until
total RNA extraction.

2.3. DNA extraction and PTPN2 genotyping

DNA was extracted from B cell lines and intestinal
tissues using QIAamp DNA Mini Kit (QIAGEN Sci-
ences, MD, USA). SNP rs2542152 was selected by Dr.
Stefan Schreiber group as follow-up SNP of the WTC-
CC study for PTPN2 gene genotyping [4]. rs2542152
is located 2.5 kb upstream of PTPN2 transcription-
al start site. SNPs rs2542151 and rs2542152 geno-
typing was performed using two methods: SNPlexTM

Genotyping System [4] and PCR-based RFLP (restric-
tion fragment length polymorphism) [14,15] as pre-
viously described. For SNPlexTM, 100 ng of ge-
nomic DNA was dried overnight in TwinTec 384-well
plates (Eppendorf, Hamburg, Germany) at room tem-
perature. The genotyping process was performed us-
ing SNPlexTM chemistry (Applied Biosystems, Foster
City, USA) on an automated platform with TECAN
Freedom EVO and 384-well TEMO liquid handling
robots (TECAN, Männedorf, Switzerland). For the
RFLP method, rs2542151 is a natural HhaI recognition
site, and rs2542152 is a converted MfeI recognition
site. A 185 bp fragment containing SNP rs2542151
using primers GTAGCCCCACTTCGCCAATG (for-
ward) andGTGGAGCTACACGGTGGAAG(reverse);
and a 133 bp fragment containing SNP rs2542152
using primers CAGCTGCAGCATTTCACGTGG (for-
ward) and CCACTGCCCTATGCGGTCAATT (re-
verse) were amplified with the following PCR profile:
95◦C 5 min, 32 cycles of 95◦C 30 sec, 58◦C 45 sec and
72◦C 45 sec, and a final extension at 72◦C 5 min. PCR
products were digested with HhaI (for rs2542151) and
MfeI (for rs2542152) (New England Biolabs, Ipswich,
MA), separated on 3% agarose gel and visualized by
ethidium bromide staining.

2.4. Transfection and infection

Small hairpin RNA (shRNA) vector targeting human
NKX2-3 was generated using the pSUPER vector sys-
tem as described previously [11,16]. The 19-nucleotide
sequence within NKX2-3 targeted by the shRNA
oligonucleotide pair was 5’-AGGAACATGAAGAGG
AGCC-3’. Forward and reverse primers were annealed
and ligated into the pSUPER.retro.puro vector (Oligo-
Engine, WA, USA).

pSUPER.retro.puro.shRNA-NKX2-3 and empty
vector were transfected into Phoenix-Ampho cells with
Lipofectamine Plus (Invitrogen,CA,USA). Forty-eight
hours posttransfection, B cells fromone CD patient and
oneUC patientwere infectedwith the viral supernatant.
Forty-eight hours later, the infected cells were switched
into a medium containing 0.4 μg/ml puromycin to start
selection.

pSUPER.retro.puro.shRNA-NKX2-3 and empty
vectorwere transfected into HIMEC with TransPassTM

HUVEC transfection reagent (New England BioLabs,
USA) according to the manufacturer’s instructions.
Forty-eight hours posttransfection, mRNA from was
isolated from the transfected HIMEC.
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2.5. Microarray and data analysis

Illumina Human HT12 v 3 Expression BeadChips
(Illumina, CA) were used in this study. The BeadChip
targets> 25,000 genes with > 48,000 probes. Microar-
ray hybridization, data collection, and analysis were
performed at the Genomics Core of the Cleveland Clin-
ic Lerner Research Institute as described before [11].

2.6. RNA extraction and reverse
transcription-polymerase chain reaction
(RT-PCR)

Total RNA was extracted from EBV transformed B
cell lines and intestine tissues using RNeasy mini Kit
according the manufacturer’s instructions [11] (QIA-
GEN Sciences, MD, USA). cDNA was synthesized
from 1.5 μg of total RNA using Superscript III 1st

Strand Synthesis Kit (Invitrogen, CA, USA).
Primers for humanNKX2-3 (Forward 5’- CCACCC-

CTTTCTCAGTCAAA -3’ and Reverse 5’- CTGCGG
CTAGTGAGTTCAAA-3’), PTPN2 (Forward 5’-GGT-
GCAGCAGATGAAACAGA -3’ and Reverse 5’- CAG
TTTGGGGTTCAGAGGAA-3’), and GAPDH (For-
ward 5’-TGATGACATCAAGAAGGTGGTGAAG-3’
and Reverse 5’-TCCTTGGAGGCCATGTGGGCCAT-
3’) were designed using Primer3 software. PCR am-
plifications were performed at 94◦C for 30 seconds,
58◦C for 45 seconds, and 72◦C for 45 seconds for 35
cycles (NKX2-3 and PTPN2) and 24 cycles (GAPDH)
respectively, followed by final extension at 72◦C for
7 min. The PCR product for NKX2-3 is 210 bp, PTPN2
is 354 bp, and GAPDH is 236 bp. PCR products were
visualized on 2% agarose gels stained with ethidium
bromide.

2.7. Western blotting

Western blotting was performed as described previ-
ously [10]. Briefly, B cells and HIMECwere lysedwith
RIPA buffer (25 mM Tris-HCl, PH 7.6, 150 mM NaCl,
1% NP-40, 1% sodium deoxycholate, 0.1% SDS ) and
protease inhibitor cocktail (Roche, Germany). Protein
(30 μg/lane) was separated using SDS-15% PAGE and
transferred onto nitrocellulose membranes. Nitrocel-
lulose membranes were blocked by 5% dry milk and
probed overnight at 4◦C with anti-NKX2-3 antibody
(Abcam,Cambridge, MA,USA), anti-PTPN2antibody
(sc-102129, Santa Cruz Biotechnology, Santa Cruz,
CA), and anti-Actin antibody (Santa Cruz Biotechnol-
ogy, Santa Cruz, CA) for detection.

Table 1
Genotype of PTPN2 SNP rs2542151

a

Disease CG GT TT p-value

CD 11 (6.2%) 56 (31.6%) 110 (62.2%) 0.0276
UC 9 (4.5%) 50 (25.3%) 139 (70.2%) 0.814
IBD 20 (5.3%) 106 (28.3%) 249 (66.4%) 0.143
Control 14 (3%) 127 (27.3%) 325 (69.7%)

Genotype of PTPN2 SNP rs2542152
b

Disease CC CT TT p-value

CD 16 (9.1%) 91 (52%) 68 (38.9%) 0.00305
UC 38 (20.3%) 74 (39.6%) 75 (40.1%) 0.604
IBD 54 (14.9%) 165 (45.6%) 143 (39.5%) 0.178
Control 89 (19.9%) 195 (43.6%) 163 (36.5%)

2.8. Statistical analyses

Cochran-Mantel-Haenszel Statistics was used for
genotypeanalysis. To evaluate associationswith differ-
ent traits, two-sided p-values were calculated accord-
ing to Fisher using contingency tables. p < 0.05 was
considered significant.

The non-normal distributions of the paired expres-
sions (RT-PCR results) are statistically analyzed using
a one sample resampling-based permutation test using
500,000 permutations. The analysis was performed us-
ing R (version 2.12.0) and the onet.permutation func-
tion in the R library DAAG (version 1.03).

3. Results

3.1. Genetic association of PTPN2 SNPs rs2542151
and rs2542152 with IBD

We analyzed the rs2542151 variation in 375 IBD pa-
tients (177 CD and 198 UC) and 466 healthy controls
from a familial IBD registry in central Pennsylvania.
rs2542151was found to be significantly associatedwith
CD (Table 1a). A significant difference between the
homozygous variant genotype (GG) compared to the
wild type sequence (TT) was observed betweenCD and
healthy controls (p < 0.05). rs2542152 was not asso-
ciated with UC (p > 0.05). These results are consistent
with recent association studies [2–5].

We next analyzed another SNP, rs2542152, locat-
ed 2.5 kb upstream of PTPN2, in 362 IBD patients
(175 CD and 187 UC) and 447 healthy controls. As
shown in Table 1b, rs2542152 was found to be sig-
nificantly associated with CD. A significant difference
between the homozygous variant genotype (CC) com-
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Fig. 1. PTPN2 mRNA expression in IBD. (A) Relative mRNA expression levels of PTPN2 in B cells from 14 CD and 12 UC patients with
their non-IBD family member controls. RT-PCR product bands on the photograph were scanned by densitometry. Relative mRNA expression
level was expressed as PTPN2 compared to GAPDH. (B) Overall mRNA expression levels of PTPN2 in CD, UC, and IBD patients compared to
their non-IBD family member controls. Data are presented as the means (*p < 0.05). (C) mRNA expression levels of PTPN2 in diseased and
adjacent normal intestinal tissues from 30 CD and 30 UC patients were examined by RT-PCR. Relative mRNA expression level was expressed
as PTPN2 compared to GAPDH. Overall mRNA expression levels of PTPN2 in intestinal tissues from CD, UC, and IBD patients compared to
adjacent normal tissues are shown. Data are presented as the mean fold changes (*p < 0.05).

pared to the wild type sequence (TT) was observed be-
tween CD and all individuals without IBD (p < 0.005).
SNP rs2542152 demonstrated a protective effect on
IBD since the frequencyof homozygouspolymorphism
(CC) in the CD patients (9.1%) was lower than in the
controls (19.9%) (Table 1b). rs2542152 was not asso-
ciated with UC (p > 0.05).

3.2. Expression of PTPN2 in B cells and intestinal
tissues from IBD patients

Two studies have reported increased PTPN2 expres-
sion in intestinal biopsies from CD patients [8,9]. We
examined the mRNA expression levels of PTPN2 in 14
CD and 12 UC patients together with their non-IBD
family members from EBV-transformed B cell lines in
an IBD family registry. A total of 14 pairs were ex-
amined, and mRNA expression levels of PTPN2 from
9 pairs (64.3%) were increased in the CD individual
comparedwith the non-IBDcontrolsHowever, the mR-
NA expression level of PTPN2 was not significantly
altered between 12 UC and their non-IBD family mem-

bers (Fig. 1A). The overall mean PTPN2 / GAPDH ex-
pression values with the standard errors (SD) are shown
in Fig. 1B: 0.593 ± 0.247 (CD) vs. 0.443 ± 0.246
(non-IBD control) (p = 0.0889); 0.635 ± 0.273 (UC)
vs. 0.565 ± 0.278 (non-IBD control) (p = 0.2191);
and 0.613 ± 0.255 (IBD) vs. 0.499 ± 0.263 (non-IBD
control) (p = 0.0334).

Next we examined the mRNA expression of PTPN2
in intestinal tissues. Diseased intestinal and adjacent
non-diseased samples obtained from 30 CD and 30 UC
patients were used for this study. As shown in Fig. 1C,
the mRNA expression level of PTPN2 was increased in
the diseased intestinal tissues compared with adjacent
non-diseased tissues from 30 CD patients. mRNA ex-
pression levels of PTPN2 from 19 CD patients (63.3%)
were increased in the diseased tissues compared with
adjacent non-diseased tissues. However, the mRNA
expression level of PTPN2 was not significantly altered
between the diseased intestinal tissues and adjacent
non-diseased tissues from 30 UC patients (Fig. 1C).
The overall mean PTPN2 / GAPDH expression fold
changes with SD are: 2.97 ± 6 (CD) vs. 1.15 ± 4.6
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Fig. 2. NKX2-3 mRNA expression in IBD. (A) mRNA expression levels of NKX2-3 in B cells from 14 CD and 12 UC patients with their non-IBD
family member controls. The relative mRNA expression level was expressed as NKX2-3 compared to GAPDH. Overall mRNA expression levels
of NKX2-3 in CD, UC, and IBD patients compared to their non-IBD family member controls are shown. Data are presented as the means (*p <
0.05). (B) mRNA expression levels of NKX2-3 in diseased and adjacent normal intestinal tissues from 30 CD and 30 UC patients. The relative
mRNA expression level was expressed as NKX2-3 compared to GAPDH. Overall mRNA expression levels of NKX2-3 in intestinal tissues from
CD, UC, and IBD patients compared to adjacent normal tissues are shown. Data are presented as the means (*p < 0.05).

(non-diseased tissues) (p = 0.0493); 0.09 ± 5.82 (UC)
vs. −0.16 ± 4.36 (non-diseased tissues) (p = 0.7120);
and 1.5 ± 6.04 (IBD) vs. 0.49 ± 4.49 (non-diseased
tissues) (p = 0.0679).

Taken together, mRNA expression levels of PTPN2
were significantly increased in intestinal tissues (CD:
normal = 2.58, p = 0.0493), and nearly significantly
increased in B cells (CD: normal = 1.34, p = 0.0889)
from CD patients. However, mRNA expression levels
of PTPN2 were not significantly increased in UC.

3.3. Expression of NKX2-3 in B cells and intestinal
tissues from IBD patients

Transcription factor NKX2-3 is associated with IBD
and its expression is up-regulated in CD patients [10].
To confirm these results, we first examined NKX2-3
mRNA expression levels in 14 CD and 12 UC together
with their non-IBD family members from B cell lines
as indicated above in the PTPN2 study. As shown
in Fig. 2A, the mRNA expression level of NKX2-3
was significantly increased in B cells in CD and IBD
(CDandUCcombined) comparedwith non-IBD family
member controls, but not significantly increased in UC.
The overall mean NKX2-3 / GAPDH expression values
with SD are: 0.477 ± 0.287 (CD) vs. 0.252 ± 0.278
(non-IBD control) (p = 0.0381); 1.3 ± 0.807 (UC)
vs. 0.898 ± 0.646 (non-IBD control) (p = 0.1576);
and 0.858 ± 0.779 (IBD) vs. 0.55 ± 0.656 (non-IBD
control) (p = 0.0181).

Next we examined the mRNA expression of NKX2-
3 in intestinal tissues. Diseased intestinal and adjacent

non-diseased samples obtained from 30 CD and 30 UC
patients as indicated above in the PTPN2 study were
used for this study. As shown in Fig. 2B, the mRNA
expression level of NKX2-3 was increased in the dis-
eased intestinal tissues compared with adjacent non-
diseased tissues from 30 CD patients, but not increased
in 30 UC patients or total 60 IBD patients. The overall
mean NKX2-3 / GAPDH expression values with SD
are: 3.71 ± 3.4 (CD) vs. 2.38 ± 1.59 (non-diseased
tissues) (p = 0.0184); 4.89 ± 6.32 (UC) vs. 3.95 ±
7.02 (non-diseased tissues) (p = 0.5957); and 4.3 ±
5.07 (IBD) vs. 3.16± 5.11 (non-diseased tissues) (p =
0.1941).

3.4. Down-regulation of PTPN2 in NKX2-3 shRNA
knockdown human cells

We found that PTPN2 was down-regulated by
NKX2-3 knockdown in various human cells using
cDNA microarray [11–13]. The microarray ratios
of PTPN2 (knockdown vs. control) were shown in
Fig. 3A: 0.63 in a B cell line from a CD patient, 0.93 in
a B cell line from a UC patient, and 0.77 in a HIMEC
line. To validate microarray results, we examined
mRNA and protein expression of PTPN2 in NKX2-3
knockdown cells. mRNA and protein expression lev-
els of PTPN2 were significantly decreased by NKX2-3
knockdown in a B cell line from a CD patient, a B cell
line from a UC patient, and a HIMEC line (Fig. 3B and
3C).
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Fig. 3. PTPN2 is down-regulated by NKX2-3 knockdown. (A) cD-
NA microarray ratio of PTPN2 (knockdown vs. control) in NKX2-3
knockdown from a B cell line from a CD patient, a B cell line from
a UC patient, and a HIMEC line. (B) RT-PCR analysis of mRNA
expression levels of PTPN2 and NKX2-3 in NKX2-3 knockdown
from a B cell line from a CD patient, a B cell line from a UC patient,
and a HIMEC line. GAPDH is loading control. (C) Western Blot-
ting analysis of protein expression levels of PTPN2 and NKX2-3 in
NKX2-3 knockdown from a B cell line from a CD patient, a B cell
line from a UC patient, and a HIMEC line. Actin is loading control.

3.5. Positive correlation between gene expression of
NKX2-3 and PTPN2 in IBD patients

Since both NKX2-3 and PTPN2 are up-regulated in
CD patients and PTPN2 is down-regulated by NKX2-
3 knockdown in human cells (Fig. 3), we next exam-
ined whether NKX2-3 expression was correlated with
PTPN2 expression in IBD patients. First we examined
mRNA expression levels of NKX2-3 and PTPN2 in B
cells from 14 CD and 12 UC patients. Analysis showed
a positive correlation between expression of NKX2-3
and PTPN2 for CD (r = 0.6023, p < 0.001) and for
UC (r = 0.5928, p < 0.005) (Fig. 4A). There was also
a positive correlation between expression of NKX2-3

and PTPN2 for both CD and UC (n = 26) (r = 0.4936,
p < 0.01) (Fig. 4A).

Second, we examined mRNA expression levels of
NKX2-3 and PTPN2 in diseased intestinal tissues from
30 CD and 30 UC patients. Analysis showed a positive
correlation between expression of NKX2-3 and PTPN2
for CD (r = 0.8272, p < 0.0001) and for UC (r =
0.6355,p < 0.0001) (Fig. 4B). Therewas also a positive
correlation between expression of NKX2-3 and PTPN2
for bothCD andUC (n = 60) (r = 0.5485, p < 0.0001)
(Fig. 4B).

4. Discussion

rs2542151, located 5.5 kb upstream of PTPN2, was
associated with CD, type T1D, and RA [2]. We not only
replicated an association of rs2542151 with CD using
a familial IBD registry from central Pennsylvania, but
also were able to show a novel association of rs2542152
(located 2.5 kb upstream of PTPN2) with CD. We
demonstrated that mRNA expression of PTPN2 was
increased in B cells and intestinal tissues from CD pa-
tients, but not UC patients. Furthermore, expression of
PTPN2 was regulated by NKX2-3 in IBD.

The association of rs2542151 with CD was re-
ported by several studies in European population [2–
5]. In this study, we replicated the association in a
small IBD patient population from Central Pennsyl-
vania area. Historically it was mainly populated by
immigrants from the United Kingdom and Western
Europe (Germany, the Netherlands), and presents as
having a patient population with a relatively homo-
geneous genetic background. The rs2542152 poly-
morphism was associated with a significantly rela-
tive risk reduction of developing IBD. The mechanism
of the protective effect on IBD by rs2542152 poly-
morphism is unclear. Since the rs2542152 polymor-
phisms is located within a binding motif of several
transcription factors, such as TBP, FOXP3, POU2F2,
POU3F2, HOXD8, C/EBP and AGL3 (predicat-
ed by PROMO software: http://alggen.lsi.upc.es/cgi-
bin/promo v3/promo/promoinit.cgi?dirDB=TF 8.3), it
could affect PTPN2 promoter activity or gene expres-
sion. However, not all diseases are caused by altered
gene expression levels. Thus analyzing the effect of
SNPs on gene expression levels will not always ex-
plain the mechanism by which disease-associated SNP
alleles cause the phenotypic changes.

Protein tyrosine phosphatases play critical roles in
regulating cell proliferation, differentiation and sur-
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Fig. 4. The correlation between the expression levels of NKX2-3 and PTPN2 in B cells and intestinal tissues from IBD patients. (A) The
correlation between the expression levels of NKX2-3 and PTPN2 in B cells from 14 CD (upper), 12 UC (middle), and 26 IBD patients (bottom).
RT-PCR results were normalized by GAPDH in every patient. Correlation coefficient (r) and p value are shown. (B) The correlation between
the expression levels of NKX2-3 and PTPN2 in diseased intestinal tissues from 30 CD (upper), 30 UC (middle), and 60 IBD patients (bottom).
RT-PCR results were normalized by GAPDH in every patient. Correlation coefficient (r) and p value are shown.

vival [6]. In intestinal cells, PTPN2 regulates epithe-
lial permeability and is a key negative regulator of im-
portant immune mediators STAT1 and STAT3, as well
as p38 and ERK1/2 phosphorylation. Consequently, it
attenuates both IFNγ and TNFα induced signaling and
release of proinflammatory cytokines [7]. As support-
ed by the phenotype of the PTPN2−/− mouse, PTPN2
is a multiple regulator of the immune system, affecting
hematopoiesis in several lineages and controlling sys-
temic inflammatory responses [17]. PTPN2−/− mice
have high expression of several cytokines associated
with CD, such as IFN-γ, TNF-α, and IL-12 [7,18].
TNF-α, for example, is an important effector of CD in
humans, and anti-TNF-α therapy has proven to be an
effective treatment modality in patients [19]. Addition-
ally, the onset of IBD such as CD in humans has been
described as an outcome of a combination of Toll-like
receptor-4 (TLR4)-mediated LPS signaling and IFN-γ
production by Th1 cells, resulting in NO production
contributing to the pathogenesis of the gut [20].

To investigate the mechanism of PTPN2 in IBD
pathogenesis, we studied mRNA expression of this
gene. Expression levels of PTPN2 have not been well

investigated in IBD. Two studies showed the increased
expression of PTPN2 in CD [8,9]. Our results demon-
strated that expression of PTPN2 was up-regulated in
both B cells and intestinal tissues from CD patients,
but its expression was not significantly altered in UC
patients. Since our studies showed rs2542151 and
rs2542152 were associated with CD but not UC, there
may be a possible connection between the association
of the two SNPs with PTPN2 up-regulation in CD.
NKX2-3 is associated with IBD and up-regulated in
CD patients [10]. We found that expression of NKX2-3
was increased in B cells and intestinal tissues from CD
patients, and expression of PTPN2 was decreased in
NKX2-3 knockdown human cells. These results sug-
gested that there might be close correlation between
PTPN2 and NKX2-3 expression in IBD patients. In-
deed, we found a significantly positive correlation be-
tween PTPN2 and NKX2-3 expression in IBD patients
both in B cells and in intestinal tissues. The mechanism
of the regulation of PTPN2 by NKX2-3 is presently
unclear.

PTPN2 is involved in T-cell proliferation [21] and B
cell development [22]. During development, NKX2-
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3 is expressed in midgut and hindgut mesoderm and
spleen, as well as in pharyngeal endoderm [23,24].
NKX2-3 plays an important role in normal B cell de-
velopment and T cell dependent immune response [25].
PTPN2 is activated by IFNγ and regulates intestinal ep-
ithelial barrier function [9]. PTPN2 is also up-regulated
by TNF-α in intestinal epithelial cells [8]. Both of
these cytokines play important roles in the pathogen-
esis of IBD, and of CD in particular. TNF-α causes
cytoplasmic accumulation of PTPN2 in intestinal ep-
ithelial cells. Our previous cDNA microarray data (un-
published) showed that both IFNγ and TNF-α were
down-regulated by NKX2-3 knockdown in B cells. It
is possible that PTPN2 could be indirectly regulated by
NKX2-3 via TNF-α or IFNγ pathways. Further stud-
ies are needed to investigate the mechanism by which
NKX2-3 regulates PTPN2 expression. The functional
role that PTPN2 might play in the etiology of intestinal
inflammation and IBD remains to be fully defined. As
a whole, these data suggest PTPN2 may have an im-
portant role in CD pathogenesis and may represent a
potential therapeutic target for IBD.
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