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Background: Ulcerative colitis (UC) is a chronic inflammatory bowel disease (IBD) characterized by immune dysregulation,
particularly the imbalance between T helper 1 (Th1) and regulatory T (Treg) cells, which plays a crucial role in its pathogenesis.
Members of the protein tyrosine phosphatase (PTP) family are involved in immune regulation, and the protein tyrosine phos-
phatase receptor-type O (PTPRO) is significantly upregulated in inflamed tissues. However, the specific role of PTPRO in UC
remains unclear. This study aimed to investigate the role and mechanisms of PTPRO in UC to identify new therapeutic targets.
Methods: A mouse model of UC was induced using dextran sulfate sodium (DSS), and PTPRO expression was examined in the
colonic tissues of both mice and UC patients. PTPRO knockout (PTPRO−/−) mice were used to assess the impact of PTPRO
deficiency on UC severity and the regulation of Th1/Treg cell balance. Primary T cells were isolated from mice to explore the
signaling pathways regulated by PTPRO.
Results: PTPRO expression was significantly elevated in inflamed colonic tissues from both DSS-treated mice and UC patients
(p < 0.05). PTPRO−/− mice exhibited attenuated colitis, manifesting as reduced body weight loss, lower Disease Activity Index
(DAI) scores, and markedly improved histopathology compared to wild-type (WT) mice (all p < 0.05). Knockout of PTPRO re-
duced colonic levels of pro-inflammatory cytokines (interferon-γ (IFN-γ), tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6),
and interleukin-1β (IL-1β)) while increasing anti-inflammatorymediators (interleukin-10 (IL-10) and Forkhead box P3 (Foxp3))
(p< 0.05). Consistently, flow cytometry analysis demonstrated that PTPRO−/− mice had fewer Th1 cells and more Tregs in the
colon, suggesting the restoration of immune homeostasis (p < 0.05). Mechanistically, PTPRO was found to interact with Janus
kinase 2 (JAK2) and function as a negative regulator of JAK2–signal transducer and activator of transcription 5 (STAT5) sig-
naling. Loss of PTPRO led to increased phosphorylation of JAK2 and STAT5, thereby promoting Treg differentiation, whereas
in vivo JAK2 inhibition reversed these effects.
Conclusion: PTPRO regulates the Th1/Treg balance via the JAK2-STAT5 pathway, and its absence shifts the immune response
toward anti-inflammatory Tregs, highlighting PTPRO as a potential therapeutic target for UC.
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Introduction

Ulcerative colitis (UC) is a chronic, relapsing form
of inflammatory bowel disease (IBD) characterized by ab-
normal immune responses in the colonic mucosa [1,2]. A
hallmark of UC is an imbalanced ratio of pro-inflammatory
T helper 1 (Th1) cells to immunosuppressive regulatory T
(Treg) cells [3,4]. Excessive Th1 activation, coupled with
overproduction of cytokines such as interferon-γ (IFN-γ)

and tumor necrosis factor-α (TNF-α), drives sustained in-
testinal inflammation, while insufficient Treg activity fails
to adequately counteract this damage [5]. Restoring the
Th1/Treg balance has emerged as a promising therapeutic
strategy for UC [6,7]. Recent research has demonstrated
that shifting immune responses away from pathogenic
Th1/Th17 cells and toward Tregs can alleviate experimental
colitis [8].
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Protein tyrosine phosphatases (PTPs) have emerged
as important modulators of immune cell signaling and fate
[9]. By counterbalancing the actions of protein tyrosine ki-
nases, PTPs precisely regulate signaling pathways govern-
ing immune cell activation, differentiation, and tolerance
[10,11]. Dysregulation of PTP activity is implicated in var-
ious diseases, including autoimmunity and chronic inflam-
mation [12]. Protein tyrosine phosphatase receptor-type
O (PTPRO), a member of the R3 subtype of receptor-like
PTPs, has been linked to immune regulatory processes [13].
Notably, PTPRO exists in two major forms: a full-length
variant predominantly expressed in certain epithelial tissues
and a truncated isoform, PTPROt, present in hematopoi-
etic cells such as B cells, T cells, and macrophages [14].
This tissue-specific expression pattern suggests that PT-
PRO may fulfill distinct functions in immune cells. Ac-
cumulating evidence indicates that PTPRO promotes in-
flammatory responses in multiple disease contexts [15].
For example, following spinal cord injury, activated mi-
croglia upregulate PTPRO, and knockdown of PTPRO in
microglia polarizes them toward an anti-inflammatory M2
phenotype while reducing pro-inflammatory M1 markers.
In lung inflammation models, PTPRO similarly exacer-
bates inflammatory responses: silencing PTPRO in hu-
man pulmonary cells attenuates lipopolysaccharide (LPS)-
induced cytokine release and apoptosis, whereas PTPRO
overexpression worsens injury by potentiating toll-like re-
ceptor 4 (TLR4)/nuclear factor-κB (NF-κB) signaling [16].
Consistent with these findings, PTPRO expression is el-
evated in other inflammation-associated conditions [17].
Deletion or inhibition of PTPRO in obese mice, for in-
stance, prevents ectopic fat accumulation and produces
a “healthy obesity” phenotype characterized by dramati-
cally reduced systemic inflammation [18]. Similarly, the
immune-specific isoform PTPRO has been shown to aggra-
vate chronic inflammatory liver disease by driving NF-κB
activation in liver macrophages, thereby exacerbating non-
alcoholic steatohepatitis (NASH) [19]. Conversely, in cer-
tain cancer settings, PTPROt may support anti-tumor im-
munity; for example, PTPROt helps maintain T cell surveil-
lance in hepatocellular carcinoma [20]. Collectively, these
studies demonstrate that PTPRO can modulate immune cell
polarization and function in a context-dependent manner,
predominantly favoring pro-inflammatory roles in patho-
logical inflammation.

Despite increasing recognition of PTPRO’s involve-
ment in immune regulation, its specific role in IBD remains
largely unexplored. Although PTPRO expression is ele-
vated in colonic tissues of UC patients and may exacerbate
intestinal inflammation via the TLR4/NF-κB pathway [21],
the impact of PTPRO on adaptive immune cell dynamics
in UC, particularly the critical Th1/Treg balance, remains
poorly understood. Given the importance of proper T cell
regulation for intestinal homeostasis, we hypothesized that
PTPRO might influence UC severity by modulating T cell

responses. Furthermore, PTPRO has been predicted to in-
teract with key cytokine signaling molecules [22]. Previous
research has demonstrated that PTPRO can bind to and de-
phosphorylate Janus kinase 2 (JAK2), a tyrosine kinase up-
stream of signal transducer and activator of transcription 5
(STAT5) that is essential for Forkhead box P3 (Foxp3)⁺ Treg
development (mediated by interleukin-2 (IL-2) signaling)
[23]. This led us to postulate that PTPRO might regulate
Treg differentiation through the JAK2-STAT5 pathway.

In this study, we examined PTPRO expression and
function in UC using both human and mouse models. First,
we measured PTPRO expression in colonic biopsy spec-
imens from UC patients and in dextran sulfate sodium
(DSS)-induced colitic mice to establish clinical and ex-
perimental relevance. We then employed PTPRO knock-
out (PTPRO−/−) mice to assess how the absence of this
phosphatase affects colitis severity, immune cell infiltra-
tion, and the Th1/Treg balance in the gut. We also per-
formed in vitro CD4+ T cell polarization assays to deter-
mine whether PTPRO intrinsically directs T cells toward
the Th1 or Treg lineage. Finally, we investigated the in-
volvement of the JAK2-STAT5 axis by examining PTPRO-
JAK2 interactions and by pharmacologically manipulat-
ing this pathway. Our findings reveal a novel mechanism
whereby PTPRO deficiency shifts the immune response to-
ward anti-inflammatory Tregs via enhanced STAT5 phos-
phorylation, resulting in ameliorated colitis. These results
provide mechanistic insight into PTPRO’s role in intestinal
inflammation and identify PTPRO as a potential therapeutic
target for restoring immune tolerance in UC.

Materials and Methods

Animals
For all experiments, we used wild-type (WT)

C57BL/6J male mice and PTPRO knockout (PTPRO−/−)
mice, aged 6–8 weeks (weighing approximately 20 g).
PTPRO−/− mice were originally generated on a C57BL/6J
background and obtained from the Shanghai Laboratory
Animal Center (Shanghai, China; License No. SYXK
(Shanghai) 2021-0012). The knockout genotype was con-
firmed by polymerase chain reaction (PCR) analysis. All
animals were housed under specific pathogen-free (SPF)
conditions (22 ± 2 °C, 50–60% humidity, 12 h light/dark
cycle) and provided standard chow and water ad libitum.
Mice were acclimated to the facility for at least one week
before experimentation. All procedures were approved by
the Institutional Animal Ethics Committee (Approval No.
IEC2023051201) and were performed in accordance with
institutional and national guidelines for the care and use of
laboratory animals.

A total of 88 mice were used in this study. Mice
were assigned to the following groups: NC + WT group,
NC + PTPRO−/− group, DSS + WT group, and DSS
+ PTPRO−/− group, with 10 mice per group. For the
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AZD1480 treatment experiment, mice were assigned to
DSS + WT group, DSS + PTPRO−/− group, and DSS +
PTPRO−/− + AZD1480 group, with 10 mice per group.
For flow cytometry analysis, mice were assigned to NC
+ WT group, DSS + WT group, and DSS + PTPRO−/−

group, with 6 mice per group.

DSS-Induced Colitis
Acute colitis was induced by administering DSS in the

drinking water, following established protocols. In brief,
age- and sex-matched WT and PTPRO−/− mice received
5% (w/v) DSS (36–50 kDa; 0216011010, MP Biomedicals,
CA, USA) in their drinking water for five consecutive days
(day 0 through day 5) to induce mucosal injury. After day 5,
DSS was removed and replaced with normal drinking wa-
ter for an additional 7 days (until day 12) to allow colitis
to fully develop. Control mice (normal controls) received
plain water without DSS for the entire period. Each experi-
mental group consisted of 8–10 mice, and each experiment
was performed at least twice to ensure reproducibility [24].

To examine the role of JAK2-STAT5 signaling, a sub-
set of mice was treated with the JAK2 inhibitor AZD1480
(HY-10193, MedChemExpress, Monmouth Junction, NJ,
USA) concurrently with DSS exposure. Mice received
drinking water containing 5% DSS ad libitum beginning on
themorning of day 0, and the first dose of AZD1480was ad-
ministered via intraperitoneal injection between 15:00 and
16:00 on the same day. AZD1480 was dissolved in 10%
dimethyl sulfoxide (DMSO) in phosphate-buffered saline
(PBS) and administered via intraperitoneal (i.p.) injec-
tion at 30 mg/kg once daily, starting on day 0 (the first
day of DSS exposure) and continuing throughout the DSS
treatment period. Control animals for this intervention re-
ceived i.p. injections of an equal volume of vehicle (10%
DMSO/PBS) on the same schedule. All mice were mon-
itored daily for clinical signs of colitis (weight loss, stool
consistency, and fecal blood). At defined endpoints (day 5
to assess acute injury, and day 12 for peak disease), mice
were humanely euthanized by CO2 asphyxiation followed
by cervical dislocation.

Clinical Symptom Assessment
Colitis severity was monitored using a Disease Activ-

ity Index (DAI) that combines scores for weight loss, stool
consistency, and fecal bleeding. Mice were assessed daily
for each parameter, as follows:

• Weight loss: 0 = no loss (or <1%); 1 = 1–6% loss;
2 = 6–12% loss; 3 = 12–18% loss; 4 = >18% loss of initial
body weight.

• Stool consistency: 0 = normal well-formed pellets; 1
= soft but still formed; 2 = soft and semi-formed; 3 = very
soft, almost liquid; 4 = watery diarrhea.

• Fecal bleeding: 0 = none (hemoccult-negative); 1
= trace occult blood; 2 = positive occult blood (red-tinged
stool); 3 = grossly visible blood in stool; 4 = severe rectal
bleeding.

Each mouse’s DAI was calculated by summing the
three subscores (maximum total = 12), with higher values
indicating more severe colitis. All scoring was performed
by observers blinded to the mice’s genotype and treatment
group [25].

Tissue Collection and Processing
Mice were euthanized on day 5 (acute injury) and days

10–12 (established inflammation and healing). The entire
colon was removed and its length measured from the ileo-
cecal junction to the anus as an indicator of inflammation.
A 1-cm segment of distal colon was fixed in 10% neutral-
buffered formalin for histology. The remaining tissue was
opened longitudinally, rinsed with cold PBS, and divided
for protein or RNA analysis. Protein samples were snap-
frozen in liquid nitrogen and stored at –80 °C. RNA sam-
ples were placed in RNAlater solution (AM7023M, Thermo
Fisher Scientific, Waltham, MA, USA) or immediately ho-
mogenized in TRIzol reagent.

In experiments involving AZD1480, tissue collection
was performed at the end of the experiment (day 12) for
all groups. Colonic samples from all mice (treatment and
control) were processed in parallel to ensure consistent han-
dling.

For the human studies, colonic biopsy specimens were
obtained from UC patients and non-IBD controls during
endoscopy and either snap-frozen in liquid nitrogen for
molecular analyses or fixed in formalin for histology. This
study was approved by the Ethics Committee of the Affil-
iated Wuxi People’s Hospital of Nanjing Medical Univer-
sity (Approval No. KY23087) and conducted in accordance
with the Declaration of Helsinki. Written informed consent
was obtained from all patients for the human samples in-
cluded in the study.

Real-Time Quantitative PCR (RT-qPCR)
Total RNA was extracted from mouse colonic tissue

(and from human colonic biopsies) using TRIzol reagent
(15596026CN, Invitrogen, Carlsbad, CA, USA) following
themanufacturer’s instructions. RNApurity and concentra-
tion were assessed by spectrophotometry, with A260/A280
ratios of approximately 2.0 indicating high purity. For each
sample, 1 µg of total RNA was reverse-transcribed into
complementary DNA (cDNA) using a high-capacity cDNA
synthesis kit (170-8843, Bio-RAD, Hercules, CA, USA)
with random hexamer primers. The resulting cDNA was
used as the template for quantitative PCR, which was per-
formed on a QuantStudio 6 Flex system (Applied Biosys-
tems, Thermo Fisher Scientific, Waltham, MA, USA). We
used SYBR Green PCR Master Mix (1725850, Bio-RAD,
Hercules, CA, USA) and gene-specific primers to amplify
targets of interest. Primer sequences for mouse target genes
(e.g., IFN-γ, TNF-α, interleukin-6 (IL-6), and interleukin-
1β (IL-1β), interleukin-10 (IL-10), Foxp3, etc.) and human
PTPRO (plus reference genes) were designed based on pub-
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lished sequences and are provided in Supplementary Ta-
ble 1. Each qPCR reaction (10–20 µL volume) contained
cDNA (equivalent to ~50 ng of input RNA), forward and
reverse primers (300 nM each), and 1× SYBR Green mas-
ter mix. The thermal cycling program was: 95 °C for 2
min; then 40 cycles of 95 °C for 15 s and 60 °C for 30
s. A melting curve analysis was performed at the end to
confirm that a single specific PCR product was amplified.
All samples were run in triplicate, and no-template con-
trol wells were included to monitor for contamination. The
housekeeping gene glyceraldehyde 3-phosphate dehydro-
genase (GAPDH) (for mouse samples) or GAPDH (for hu-
man samples) was used as an internal reference to normalize
gene expression. Relative mRNA expression levels were
calculated by the 2−∆∆Ct method, normalizing each sam-
ple to the appropriate control group (e.g., untreated healthy
mice or healthy human controls). Results are expressed as
fold-change relative to controls (mean ± SD).

Histological Analysis
For histopathology, formalin-fixed colon segments

were processed, embedded in paraffin, and cut into 4-µm-
thick sections mounted on glass slides. Hematoxylin and
eosin (H&E) staining was performed on deparaffinized sec-
tions using standard protocols to evaluate overall tissue
morphology and inflammation. An experienced patholo-
gist, blinded to sample identity, scored the H&E-stained
sections for histopathological damage based on the follow-
ing criteria: inflammatory cell infiltration (graded 0 = none;
1 = mild; 2 = moderate; 3 = severe), depth of injury (0 =
none; 1 =mucosal; 2 =mucosal + submucosal; 3 = transmu-
ral), presence of ulceration (0 = none; 1 = small focal ulcers;
2 = moderate ulcers; 3 = large extensive ulcers), and crypt
architectural distortion (0 = normal; 1 =mild goblet cell loss
and gland disarray; 2 = significant goblet cell depletion and
gland drop-out; 3 = crypt abscesses or complete gland loss).
The individual component scores were summed to yield an
overall histology score per sample (maximum score of 12).

Adjacent sections were stained with Alcian
Blue/Periodic Acid-Schiff (AB/PAS; G1285, Solar-
bio, Beijing, China) to visualize goblet cells and mucins.
In this combined stain, AB labels acidic mucins in goblet
cell vacuoles (blue), while the PAS reagent counterstains
other tissue elements (magenta). Goblet cell abundance
was quantified by counting AB–positive goblet cells per
colonic crypt in well-oriented regions, with at least 10–20
crypts counted per mouse. Micrographs were acquired
using a light microscope (BX43, Olympus, Tokyo, Japan)
equipped with a digital camera. Representative images at
100× and 200× magnification are presented in the figures.

Enzyme-Linked Immunosorbent Assay (ELISA)
Tissue levels of key cytokines were measured using

enzyme-linked immunosorbent assays (ELISAs). Approx-
imately 50 mg of colon tissue per sample was homoge-
nized in lysis buffer (PBS with 0.1% Tween-20 plus pro-

tease/phosphatase inhibitor cocktail) using a bead mill or
mechanical homogenizer. The homogenates were then
centrifuged at 12,000 ×g for 15 min at 4 °C, and the
clarified supernatants were collected. Total protein con-
centration in each sample was determined with a bicin-
choninic acid (BCA) protein assay kit (23227, Pierce,
Thermo Fisher Scientific, Waltham, MA, USA). Com-
mercial ELISA kits for mouse IFN-γ, TNF-α, IL-6, IL-
1β, and IL-10 (EMC101g.96, EMC102a.96, EMC004.96,
EMC001b.96, and EMC005.96, Neobioscience, Guang-
dong, China) were used according to the manufacturers’
protocols. Briefly, 96-well plates pre-coated with capture
antibodies were loaded with standards and appropriately di-
luted samples (typically 50–100 µg total protein per well
for colon lysates) and incubated for 2 h at room tempera-
ture. After washing away unbound material, biotinylated
detection antibodies were applied, followed by horseradish
peroxidase (HRP)-conjugated streptavidin. A 3,3′,5,5′-
tetramethylbenzidine (TMB) substrate solution was added
and allowed to develop for 10–20min, then the reactionwas
stopped with 2 NH2SO4. Absorbance wasmeasured at 450
nm (with a 570 nm reference) using a microplate reader.
Cytokine concentrations in the samples (pg/mL) were de-
termined by interpolating from a standard curve generated
with known concentrations of recombinant cytokines. Fi-
nally, cytokine levels were normalized to the total protein
content of each sample and reported as pg cytokine per mg
tissue protein. Each sample was assayed in duplicate. The
ELISAs had detection sensitivities in the range of tens of
pg/mL, and all measured values fell within the linear range
of the assays after appropriate dilution.

Naive CD4+ T Cell Isolation and Culture

To examine T cell differentiation, naive CD4+ T cells
were isolated from the spleens ofWT and PTPRO−/− mice
and cultured under defined polarization conditions. Spleens
weremechanically dissociated through a 70 µm cell strainer
to obtain single-cell suspensions, and red blood cells were
lysed using an ammonium chloride buffer. Naive CD4+
T cells were then enriched by magnetic negative selection
(Naive CD4+ T Cell Isolation Kit; 8804-6824-74, Thermo
Fisher Scientific, Waltham, MA, USA). Flow cytometry
confirmed that the isolated CD4+ T cell populations were
>95% pure.

Cells were cultured in complete RPMI-1640 medium
(11875093, Gibco, Thermo Fisher Scientific, Waltham,
MA, USA) supplemented with 10% heat-inactivated fe-
tal bovine serum (FBS), 100 U/mL penicillin, 100 µg/mL
streptomycin, and 50 µM β-mercaptoethanol. To polyclon-
ally activate the T cells, plate-bound anti-CD3 (2 µg/mL)
and soluble anti-CD28 (1 µg/mL) antibodies (MA5-16623,
14-0281-82, both from eBioscience, Thermo Fisher Scien-
tific, Waltham,MA, USA) were added to the cultures. Cells
were maintained at 37 °C in a humidified 5% CO2 incuba-
tor.
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Two T cell polarization conditions were set up in
parallel: one promoting Th1 differentiation and one pro-
moting Treg differentiation. For Th1-skewing, we added
recombinant mouse IL-12 (20 ng/mL; 210-12-50UG, Pe-
proTech, Rocky Hill, NJ, USA) at culture initiation to
drive Th1 lineage commitment, and included a neutralizing
anti–IL-4 antibody (10 µg/mL; HY-P990121, MedChem-
Express, Monmouth Junction, NJ, USA) to prevent Th2 de-
viation. For Treg-skewing, we supplemented the cultures
with transforming growth factor-β (TGF-β, 5 ng/mL; 100-
21C-50UG, PeproTech, Rocky Hill, NJ, USA) in addition
to IL-12. The presence of TGF-β favors the development
of inducible Foxp3+ Tregs even alongside IL-12, creating a
mixed polarization environment to reveal any intrinsic bias
between WT and PTPRO−/− T cells. Cultures were main-
tained for up to 6 days; on day 3, fresh medium contain-
ing the same cytokines was added to support cell viability
and polarization signals. On day 6, cells were harvested for
analysis.

For flow cytometric analysis of intracellular mark-
ers (IFN-γ, TNF-α, and Foxp3), a subset of cells was re-
stimulated during the final 4–6 h of culture with phorbol
12-myristate 13-acetate (PMA, 50 ng/mL) and ionomycin
(1 µg/mL) in the presence of GolgiStop/GolgiPlug (554724,
BD Biosciences, San Jose, CA, USA) to block cytokine se-
cretion. Parallel cell samples were collectedwithout restim-
ulation for mRNA extraction. Each experimental condition
(Th1 or Treg polarization) was set up in triplicate wells for
bothWT and PTPRO−/− cells. Experiments were repeated
using cells from at least 3–4 different mice per genotype to
ensure the results were reproducible [26].

Flow Cytometry
Flow cytometry was employed to identify and quan-

tify Th1 and Treg cell populations in both colonic tissues
and the in vitro T cell cultures. For lamina propria lym-
phocyte isolation from the colon, freshly harvested colonic
tissue was washed and cut into small pieces, then incubated
in Hanks’ balanced salt solution (HBSS) containing 5 mM
ethylene diamine tetraacetic acid (EDTA) and 1mM dithio-
threitol (DTT) at 37 °C to strip away the epithelial layer.
The remaining tissue fragments were digested with colla-
genase VIII (1 mg/mL; C2139, Sigma-Aldrich, St. Louis,
MO, USA) and DNase I (100 µg/mL) for 40 min at 37 °C
with gentle agitation. The resulting cell suspension was fil-
tered through a cell strainer, washed, and then subjected to a
two-step Percoll gradient (40%/80%) centrifugation to en-
rich mononuclear cells. Cells at the 40/80% interface (lam-
ina propria lymphocytes) were collected for staining. (For
spleen cells or cultured T cells, single-cell suspensions were
prepared as described above).

Surface and intracellular staining were performed us-
ing fluorochrome-conjugated monoclonal antibodies. To
analyze Th1 cells, we stained cells for surface CD4 and
intracellular Th1 cytokines. Specifically, cells were first

incubated with a fluorescently labeled anti-CD4 antibody
(e.g., CD4-PerCP-Cy5.5, clone GK1.5) for 30 min at 4
°C in fluorescence-activated cell sorting (FACS) buffer
(PBS + 2% FBS) to label CD4+ T cells. After fixation
and permeabilization (Foxp3/Transcription Factor Staining
Buffer Set, 00-5523-00, eBioscience, Thermo Fisher Sci-
entific, Waltham, MA, USA), cells were stained intracellu-
larly with anti–IFN-γ (APC conjugate, clone XMG1.2, 17-
7311-82, eBioscience, Thermo Fisher Scientific, Waltham,
MA, USA) and anti–TNF-α (PE conjugate, clone MP6-
XT22, 14-7321-81, eBioscience, Thermo Fisher Scien-
tific, Waltham, MA, USA) antibodies. For Treg identi-
fication, surface CD4 staining was performed similarly,
and after permeabilization, cells were stained with anti-
Foxp3 (Alexa Fluor 488, clone FJK-16s, 53-5773-82, eBio-
science, Thermo Fisher Scientific, Waltham, MA, USA)
and anti–IL-10 (PE, clone JES5-16E3, 12-7101-82, eBio-
science, Thermo Fisher Scientific, Waltham, MA, USA)
antibodies. Appropriate isotype-matched control antibod-
ies were included to set gating thresholds. In some ex-
periments, additional markers such as anti-CD25 and anti-
CD69 were used to assess T cell activation, and a viability
dye was added to exclude dead cells.

Stained samples were acquired on a flow cytometer
(either BD FACSCanto II, BD Biosciences, San Jose, CA,
USA or Beckman Coulter CytoFLEX, Beckman Coulter,
Brea, CA, USA). Compensation settings were determined
using single-color controls. For each sample, 50,000–
100,000 events in the lymphocyte gate were recorded. Data
were analyzed using FlowJo v10.6.1 software (Tree Star,
Ashland, OR, USA). The gating strategy was: first, singlets
(FSC-H vs. FSC-A) were gated; next, lymphocytes were
gated by FSC vs. SSC; then live cells were gated by ex-
cluding dead cells (viability dye positive); finally, CD4+ T
cells were gated. Th1 cells were defined as CD4+ cells pos-
itive for IFN-γ and/or TNF-α. Tregs were defined as CD4+
Foxp3+ cells, and we also noted the subset of Foxp3+ cells
that produced IL-10. Flow cytometry data are expressed as
the percentage of positive cells within the CD4+ gate. In
the figures, group results are presented as mean± SD for n
= 6 mice per group (or n = 6 independent culture replicates)
with appropriate statistical comparisons.

For intracellular phospho-flow cytometry (used to
assess signaling in certain in vitro assays with recom-
binant PTPRO, see Results), cells were fixed with 4%
paraformaldehyde at 37 °C for 10 min, then permeabi-
lized with ice-cold methanol for 30 min. Cells were sub-
sequently stained with antibodies against Phospho-JAK2
(Tyr1007, Tyr1008) (APC conjugate, MA5-37199, Invit-
rogen, Thermo Fisher Scientific, Waltham, MA, USA)
or Phospho-STAT5 (Tyr694) (APC conjugate, 17-9010-
42, eBioscience, Thermo Fisher Scientific, Waltham, MA,
USA), along with surface CD4-PE, and then analyzed by
flow cytometry. Mean fluorescence intensity (MFI) val-
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ues for phosphorylated JAK2 (p-JAK2) and phosphorylated
STAT5 (p-STAT5) were quantified.

Western Blotting
Total protein lysates were prepared from colon tis-

sues or cultured T cells using radioimmunoprecipita-
tion assay (RIPA) buffer (50 mM Tris-HCl pH 7.5, 150
mM NaCl, 1% NP-40, 0.5% sodium deoxycholate, 0.1%
SDS) supplemented with protease and phosphatase in-
hibitor cocktails (Roche Complete Mini and PhosSTOP,
11836170001, Roche Diagnostics GmbH, Mannheim,
Baden-Württemberg, Germany). Lysates were incubated
on ice for 30 min, then centrifuged at 14,000 ×g for 15
min at 4 °C. The clarified supernatants were collected
and protein concentrations were determined by BCA as-
say. For each sample, 30–50 µg of protein was mixed
with SDS sample loading buffer and boiled for 5 min. Pro-
teins were separated on 8–12% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) and trans-
ferred onto polyvinylidene fluoride (PVDF) membranes
(IPVH00010, MilliporeSigma, Burlington, MA, USA).
Membranes were blocked at room temperature for 1 h
in TBST (TBS + 0.1% Tween-20), containing 5% non-
fat milk. Blots were then incubated overnight at 4 °C
with primary antibodies. The primary antibodies used
were: anti-PTPRO (mouse monoclonal; 67000-1-Ig, Pro-
teintech, Wuhan, China; 1:1000), anti-JAK2 (rabbit poly-
clonal; 17670-1-AP, Proteintech, Wuhan, China; 1:1000),
anti–phospho-JAK2 (Tyr1007/1008) (rabbit polyclonal;
ab32101, Abcam, Cambridge, UK; 1:1000), anti-STAT5
(rabbit monoclonal; 9363, Cell Signaling Technology, Dan-
vers, MA, USA; 1:1000), anti–phospho-STAT5 (Tyr694)
(rabbit monoclonal; 9359, Cell Signaling Technology, Dan-
vers, MA, USA; 1:1000), and anti–β-actin (mouse mono-
clonal; 60008-1-Ig, Proteintech, Wuhan, China; 1:5000).
After the primary antibody incubation, membranes were
washed three times with TBST and then incubated for 1 h
at room temperature with the appropriate HRP–conjugated
secondary antibody (goat anti-mouse immunoglobulin G
(IgG)-HRP or goat anti-rabbit IgG-HRP; 111-005-003,
115-005-003, Jackson ImmunoResearch, West Grove, PA,
USA; 1:5000). Blots were washed again, and immunore-
active bands were visualized using an enhanced chemi-
luminescence (ECL) substrate (Clarity Western ECL kit,
1705060, Bio-Rad, Hercules, CA, USA) and captured on
a chemiluminescent imaging system.

For quantification, blot imageswere scanned andmea-
sured in band intensities using ImageJ v1.54i software (Na-
tional Institutes of Health, Bethesda, MD, USA). The inten-
sity of phosphorylated protein bands was normalized to the
corresponding total protein band (e.g., p-STAT5 normalized
to total STAT5), and total protein bands were normalized to
β-actin as a loading control. Normalized results were ex-
pressed as relative intensity (fold-change) compared to con-
trol samples. Each western blot analysis was performed on

at least three independent biological samples per group. In
the figures, representative blot images are shown alongside
pooled densitometry data (mean ± SD).

Co-Immunoprecipitation (Co-IP)
Co-IP assays were performed to determine whether

PTPRO and JAK2 physically interact in colon tissue. Ap-
proximately 100 mg of colon tissue from DSS-treated WT
mice was homogenized in NP-40 lysis buffer (20 mM Tris-
HCl pH 7.5, 150 mMNaCl, 1% NP-40, 10% glycerol) sup-
plemented with protease and phosphatase inhibitors. To
pre-clear the lysate, 500 µg of the clarified supernatant was
incubated with 20 µL of Protein A/G agarose beads (sc-
2003, Santa Cruz Biotechnology, Dallas, TX, USA) for 1
h at 4 °C, to remove proteins that bind nonspecifically to
the beads. The pre-cleared supernatant was then split into
aliquots and incubated overnight at 4 °C with one of the fol-
lowing antibodies: 2 µg of anti-PTPRO (67000-1-Ig, Pro-
teintech, Wuhan, China), 2 µg of anti-JAK2 (17670-1-AP,
Proteintech, Wuhan, China), or 2 µg of an isotype-matched
control IgG (negative control).

Immune complexes were captured by adding 30 µL
of Protein A/G agarose beads and rotating for 2 h at 4
°C. The beads were then washed four times with cold
lysis buffer to remove unbound proteins. Bound pro-
teins were eluted by boiling the beads in SDS sample
buffer. The resulting immunoprecipitates were analyzed
by western blot as described above. Blots were probed
with anti-JAK2 and anti-PTPRO antibodies to determine if
each protein co-precipitated with the other. Successful co-
immunoprecipitation was indicated by detection of JAK2 in
the PTPRO IP sample and detection of PTPRO in the JAK2
IP sample, while neither was present in the IgG control IP.
These Co-IP experiments were repeated at least twice with
similar results.

Statistical Analysis
All quantitative results are reported as mean ±SD.

Statistical analyses were carried out using GraphPad Prism
version 9.5.0 (GraphPad Software, San Diego, CA, USA).
The normality of the data was assessed using the Shapiro–
Wilk test. For data that met the assumptions of normality,
an unpaired two-tailed Student’s t-test was used for compar-
isons between two groups (e.g., WT vs. PTPRO−/− under
one condition). For comparisons among multiple groups
(more than two genotypes or treatment conditions), one-
way analysis of variance (ANOVA) was applied, followed
by Tukey’s post hoc test for pairwise comparisons. For re-
peated measures such as body weight over time, a two-way
repeated-measures ANOVA was performed with Bonfer-
roni’s post hoc correction. For data that did not meet the
assumption of normality, Welch’s ANOVA test was used
for multiple comparisons, followed by Dunnett’s post hoc
test. For two-group comparisons with non-normal data, the
Mann-Whitney U test was used. A p value< 0.05 was con-
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sidered statistically significant. All experiments were con-
ducted at least twice independently to ensure reproducibil-
ity. Mice were allocated to experimental groups based on
genotype and treatment (randomization was not applicable
beyond these criteria). Investigators were blinded to group
assignments during histological scoring and flow cytometry
analysis to reduce bias.

Results

PTPRO Expression Is Upregulated in Ulcerative
Colitis

To investigate the potential involvement of PTPRO
in UC pathogenesis, we first examined PTPRO expression
in ulcerative colitis to determine whether its levels corre-
late with disease activity. In the DSS-induced acute colitis
mouse model (Fig. 1A), PTPRO expression was markedly
elevated in inflamed colonic tissues compared to healthy
controls. Colonic samples from DSS-treated mice exhib-
ited significantly higher PTPRO mRNA levels (~3–4-fold
increase) relative to untreated mice (p< 0.05 by RT-qPCR;
Fig. 1B). At the protein level, western blot analysis corrob-
orated this upregulation: PTPRO band intensity in colon
lysates from DSS-treated mice was several-fold higher than
in control mice (normalized to β-actin; Fig. 1C). Densito-
metry analysis revealed that PTPRO protein levels in DSS
colitis were approximately 2.5 times those in controls (p <
0.05).

We next examined PTPRO expression in colon biopsy
specimens from UC patients. PTPRO mRNA in colonic
biopsies was low or undetectable in healthy individuals,
whereas it was significantly elevated in patients with ac-
tive UC (Fig. 1D). Importantly, PTPRO expression levels
correlated with disease severity. Patients with moderate-to-
severe UC had substantially higher PTPRO mRNA levels
(approximately 2–4-fold above normal controls, p < 0.05)
than patients with quiescent or mild disease. In contrast,
patients with mild UC showed only a slight, non-significant
increase in PTPRO expression compared to controls. West-
ern blot analysis demonstrated that colonic samples from
moderate-to-severe UC patients displayed stronger PTPRO
protein bands (normalized to β-actin) compared to healthy
colon samples (Fig. 1E, left). Quantification confirmed that
PTPRO protein was significantly upregulated in severe UC
(Fig. 1E, right). Collectively, these data indicate that PT-
PRO expression is elevated during active colitis in both
murine models and human disease. Moreover, the positive
correlation between PTPRO levels and UC severity sug-
gests that PTPRO may contribute to the inflammatory pro-
cess in UC.

PTPRO Deficiency Ameliorates DSS-Induced Colitis
To assess the functional impact of PTPRO on col-

itis, we compared DSS-induced disease outcomes in
PTPRO−/− mice versus WT mice (Fig. 2A). Striking dif-

ferences emerged, suggesting that PTPRO deficiency con-
fers protection against DSS-induced colonic inflammation.
BothWT and PTPRO−/− mice began losing weight around
days 3–4 of DSS exposure, but the PTPRO−/− mice lost
significantly less weight over time (Fig. 2B). By day 12,
WT mice had lost ~15–20% of their starting body weight,
whereas PTPRO−/− mice lost only ~5–10% (p < 0.05).
This divergence in weight loss was statistically significant
by day 6 and persisted through day 12, consistent with a
milder disease course in PTPRO-deficient animals. Consis-
tent with these observations, theDAI—a composite score of
weight loss, diarrhea, and bleeding—was markedly lower
in PTPRO−/− mice than inWTmice. By day 12, WTmice
had ameanDAI of ~8–9 (on a 0–12 scale), indicating severe
colitis, whereas PTPRO−/− mice had a mean DAI of ~5–
6, indicating only mild disease (Fig. 2C). The difference in
DAI between genotypes was highly significant (p < 0.05).
Notably, throughout DSS treatment, PTPRO−/− mice ex-
hibited firmer stools and less fecal bleeding than WT mice,
consistent with their attenuated colitis symptoms. Macro-
scopic examination at necropsy supported these findings
of disease amelioration in PTPRO−/− mice. DSS-treated
WT mice exhibited the expected phenotype of shortened,
inflamed colons (mean length ~4.2 cm vs. ~6.5 cm in un-
treated healthy mice). In contrast, compared with the DSS-
treated WT mice, the colons were visibly longer and less
edematous after DSS in PTPRO−/− mice (Fig. 2D). Mea-
surement of colon length revealed that PTPRO−/− colons
were on average 1.5–2 cm longer than WT colons follow-
ing DSS (p < 0.05), nearly approaching the length of nor-
mal colons. This finding suggests that the absence of PT-
PRO reduces colonic shortening (and thus tissue damage
and fibrosis) during colitis. Histopathological examination
of colon tissues confirmed that PTPRO−/− mice sustained
far less damage than WT mice (Fig. 2E). DSS-treated WT
colons showed dense inflammatory infiltrates throughout
the mucosa and submucosa, goblet cell depletion, thick-
ened colonic walls, crypt abscesses, and deep epithelial ul-
cerations (Fig. 2E). By contrast, DSS-treated PTPRO−/−

colons retained relatively intact crypt architecture and had
markedly fewer inflammatory cells (Fig. 2E). The inflam-
mation that was present in PTPRO−/− mice was mostly
superficial and localized, with large areas of epithelium
remaining intact (Fig. 2E). Accordingly, aggregate histol-
ogy scores were significantly lower for PTPRO−/− mice
(Fig. 2F). On the 0–12 scale, WT mice scored ~7–8 (se-
vere inflammation and ulceration), whereas PTPRO−/−

mice scored ~4–5 (mild inflammation) (Fig. 2F). At the
molecular level, the absence of PTPRO was associated
with a blunted inflammatory response in the colon. We
assessed colonic pro-inflammatory cytokine levels by RT-
qPCR. In DSS-treated WT mice, transcripts for TNF-α
and IL-6 were greatly elevated, reflecting active inflam-
mation (Fig. 2G,H). Strikingly, the colonic TNF-α and
IL-6 mRNA levels in the DSS-treated PTPRO−/− group
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Fig. 1. PTPRO expression is elevated in ulcerative colitis mice and patients. (A) Schematic diagram of the ulcerative colitis model
induction. WT mice aged 6–8 weeks were administered drinking water containing 5% (w/v) DSS for 5 days, followed by normal water
for 7 days. The normal control (NC) group mice received normal drinking water for 12 days. (B) Detection of PTPROmRNA expression
in mouse colon tissues by RT-qPCR. Data are expressed as fold change relative to the NC group. n = 6 mice per group. (C) Representative
western blot images (top) and densitometric quantification (bottom) showing PTPRO protein expression in colon tissues from NC and
DSS groups. PTPRO protein levels were normalized to β-actin. Numbers indicate molecular weight in kDa. n = 6 mice per group. (D)
Detection of PTPRO mRNA expression in colon tissues from normal individuals (n = 10), quiescent-mild UC patients (Quiesc-mild, n
= 16), and moderate-severe UC patients (Mod-sev, n = 20) by RT-qPCR. Data are expressed as fold change relative to normal controls.
Each dot represents one patient. (E) Representative western blot images (left) and densitometric quantification (right) showing PTPRO
protein expression in colon tissues from healthy controls and moderate-severe UC patients. PTPRO protein levels were normalized to
β-actin. Numbers indicate molecular weight in kDa. n = 6 samples per group. Data are expressed as mean ± SD. ***p < 0.001;
****p < 0.0001. For (B) and (C), an unpaired two-tailed Student’s t-test was used for statistical analysis; for (D) and (E), one-way
ANOVA followed by Tukey post-hoc test was performed. PTPRO, protein tyrosine phosphatase receptor-type O; WT, wild-type; DSS,
dextran sulfate sodium; RT-qPCR, real-time quantitative polymerase chain reaction; UC, ulcerative colitis; ANOVA, one-way analysis
of variance; ns, not significant.

were approximately 50% lower than in the DSS-treated
WT group (Fig. 2G,H). These data suggest that the typi-
cal inflammatory “cytokine storm” of DSS colitis is sub-
stantially dampened in the absence of PTPRO. Another
hallmark of DSS colitis is goblet cell loss and mucus de-
pletion, which compromise the mucosal barrier. We per-
formed AB/PAS staining to examine goblet cells in colon
crypts. As expected, DSS-treated WT mice showed severe
goblet cell depletion—only a few mucus-producing goblet
cells (purple-stained) remained in the damaged epithelium
(Fig. 2I). In contrast, PTPRO−/− mice retained far more
goblet cells per crypt, indicating preservation of mucosal
secretory function (Fig. 2I). Quantification showed thatWT
mice had on average only 110 goblet cells per field after
DSS, whereas PTPRO−/− mice had about 210 goblet cells
per field—nearly normal levels (p < 0.05 vs. WT-DSS;

Fig. 2J). Thus, PTPRO deficiency protected against goblet
cell loss and helped maintain the colonic mucus layer. Col-
lectively, these results demonstrate that PTPRO−/− mice
are markedly protected fromDSS-induced colitis. They ex-
periencemilder clinical signs, less weight loss, andminimal
histological damage compared to WT mice. PTPRO−/−

mice also exhibit a dampened pro-inflammatory cytokine
profile and preservation of goblet cells. These findings
implicate PTPRO as a pro-inflammatory factor in colitis,
such that its absence produces an anti-inflammatory, tissue-
protective effect.
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Fig. 2. PTPRO knockout ameliorates ulcerative colitis in mice. (A) Experimental design schematic for panels (B–J). WT and PT-
PRO⁻/⁻ mice were assigned to NC or DSS treatment groups. In DSS groups, mice received drinking water containing 5% (w/v) DSS
from day 0 to day 5, followed by normal water for 7 days. NC groups received normal drinking water throughout the 12-day period. (B)
Body weight changes in mice during the experimental period. Data are expressed as percentage of initial body weight. n = 10 mice per
group. (C) DAI scores measured on day 12. DAI was calculated as the sum of weight loss, stool consistency, and rectal bleeding scores.
n = 10 mice per group. (D) Representative images of colon tissues from each experimental group (left) and quantification of colon length
(right). Scale bar represents 1 cm. n = 10 mice per group. (E) Representative H&E staining images of distal colon from NC and DSS
groups in WT and PTPRO⁻/⁻ mice. Scale bar, 200 µm. (F) Histopathological scores evaluating inflammation severity, tissue damage,
and architectural distortion. n = 10 mice per group. (G,H) Detection of TNF-α (G) and IL-6 (H) mRNA expression levels in mouse
colon tissues by RT-qPCR. Data are expressed as fold change relative to the NC + WT group. n = 6 mice per group. (I) Representative
AB/PAS staining images showing goblet cells (purple-stained) in colon crypts from each experimental group. Scale bar, 100 µm. (J)
Quantification of goblet cell numbers per field. At least 20 well-oriented crypts were counted per mouse. n = 10 mice per group. Data
are expressed as mean ± SD. *p < 0.05; **p < 0.01; ***p < 0.001. For (B), two-way ANOVA with repeated measures followed by
Bonferroni post-hoc test was performed; for (C), (D), (F), (G), (H), and (J), one-way ANOVA followed by Tukey post-hoc test was used
for statistical analysis. PTPRO⁻/⁻, PTPRO knockout; AB/PAS, Alcian Blue/Periodic Acid-Schiff; TNF-α, tumor necrosis factor-α; IL-6,
interleukin-6; H&E, hematoxylin and eosin; DAI, Disease Activity Index.
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PTPRO Knockout Restores Intestinal Immune
Homeostasis by Modulating Th1/Treg Balance

To investigate how PTPRO deficiency leads to re-
duced inflammation, we focused on the Th1/Treg axis
known to be dysregulated in UC.We examinedwhether loss
of PTPRO alters the mucosal immune profile, especially
the balance of CD4+ T cell subsets. We first profiled key
pro- and anti-inflammatory mediators in the colon. In DSS-
colitic WT mice, the levels of Th1-associated cytokines
IFN-γ, TNF-α, IL-6, and IL-1β levels in colon tissue were
all significantly elevated compared to the NC + WT group.
However, these cytokines were markedly reduced in the
DSS + PTPRO−/− group compared with the DSS + WT
group. For example, PTPRO−/− colons produced approxi-
mately 40–50% less IFN-γ and TNF-α thanWT colons fol-
lowing DSS treatment (p< 0.05), and IL-6 and IL-1β were
also substantially reduced (Fig. 3A). Notably, IL-10—a key
Treg-associated anti-inflammatory cytokine—was approx-
imately two-fold higher in PTPRO−/− colons than in WT
colons (p< 0.05), indicating a shift toward an immunoreg-
ulatory environment. We also measured Foxp3 gene ex-
pression as a proxy for Treg abundance. By RT-qPCR
(Fig. 3B), Foxp3 mRNA in DSS-treated PTPRO−/− mice
was 2–3 times higher than in DSS-treated WT mice (p <

0.05), consistent with an expanded Treg compartment. The
qPCR data showed that IFN-γ, TNF-α, IL-6, and IL-1β
were also significantly lower in PTPRO−/− vs. WT colitis
(Fig. 3B), whereas IL-10was higher, corroborating the pro-
tein data. Taken together, these results suggest that deleting
PTPRO skews the colonic cytokine milieu away from pro-
inflammatory signals and toward anti-inflammatory ones.

To directly examine T cell subsets, we performed flow
cytometry on lamina propria lymphocytes from the colons
of DSS-treatedmice. Live CD4+ T cells were gated and an-
alyzed for intracellular IFN-γ and TNF-α to identify Th1
cells, and for intracellular Foxp3 (with IL-10 co-staining)
to identify Tregs (Fig. 3C,D). This analysis revealed a pro-
nounced rebalancing of T helper subsets in PTPRO−/−

mice. In DSS-treatedWT colons, Th1 cells were highly en-
riched: approximately 15–20% of CD4+ T cells were IFN-
γ+ (compared to <5% in healthy colons). In DSS-treated
PTPRO−/− colons, however, Th1 cells were significantly
reduced. Only ~8–10% of CD4+ T cells in PTPRO−/−

mice were IFN-γ+, approximately half the frequency ob-
served in WT mice (p< 0.05; Fig. 3C). A similar reduction
was seen in TNF-α+ CD4+ cells, indicating an overall de-
crease in Th1 effector T cells in PTPRO-deficient colons.

Moreover, compared with the NC + WT group,
Foxp3+ CD4+ cells were significantly reduced in DSS
+ WT mice. However, the Treg population in DSS +
PTPRO−/− mice was markedly restored relative to the
DSS + WT group (Fig. 3D). Moreover, a substantial sub-
set of these Tregs in PTPRO−/− mice co-expressed IL-10,
consistent with a highly suppressive phenotype. Foxp3+
IL-10+ Tregs were approximately twice as frequent in

PTPRO−/− colons as in WT colons (Fig. 3D, right panel).
This increased Treg representation in PTPRO−/− mice
aligns with their elevated Foxp3 mRNA and IL-10 levels
noted above.

In summary, PTPRO deficiency shifts the colonic
Th1/Treg balance toward Tregs. This reduces Th1 cells
and increases mucosal Tregs. This immune rebalancing—
characterized by reduced IFN-γ/TNF-α and increased IL-
10/Foxp3—provides a plausible explanation for the milder
colitis observed in PTPRO−/− mice. By tipping the scales
toward anti-inflammatory Treg activity and away from
pathogenic Th1 responses, PTPRO knockout mice achieve
a state of improved intestinal immune homeostasis, thereby
mitigating colitis severity.

PTPRO Deficiency Suppresses Th1 Differentiation
and Enhances Treg Induction In Vitro

Our in vivo findings suggested that PTPRO intrinsi-
cally promotes pro-inflammatory Th1 responses while re-
straining Treg development. To test this hypothesis di-
rectly, we carried out in vitro polarization assays with naive
CD4+ T cells from WT and PTPRO−/− mice. This ap-
proach allowed us to observe T cell fate decisions in a con-
trolled environment, isolated from the complexities of in
vivo immunity.

We cultured naive CD4+ T cells under two sets of
conditions: Th1-polarizing (with IL-12) and Treg-inducing
(with IL-12 + TGF-β). After 5–6 days of culture, cells
were analyzed by flow cytometry for Th1 and Treg markers
(Fig. 4). Under Th1-polarizing conditions (IL-12 with anti-
CD3/anti-CD28, without exogenous TGF-β), WT CD4+ T
cells readily differentiated into Th1 effectors. A substan-
tial fraction of WT cells became IFN-γ+ (~30%) and TNF-
α+, indicative of strong Th1 lineage commitment (Fig. 4A).
Foxp3+ Tregs remained very low (~5%) in the absence
of TGF-β, with no significant difference between WT
and PTPRO−/− groups (Fig. 4A). In contrast, PTPRO−/−

CD4+ T cells showed a reduced propensity for Th1 dif-
ferentiation under the same conditions. The proportion of
IFN-γ+ CD4+ T cells in PTPRO−/− cultures was signif-
icantly lower than in WT cultures (~20% vs ~30%, p <

0.05; Fig. 4A). Likewise, the frequency of TNF-α+ CD4+
cells was decreased in PTPRO−/− cultures (Fig. 4A). Thus,
without PTPRO, naive T cells were less efficient at adopt-
ing a Th1 phenotype even under strong IL-12 stimulation.

We next evaluated T cell differentiation under condi-
tions including TGF-β, which provides a potent Foxp3 in-
duction signal even in an IL-12-rich environment. In WT
cultures, adding TGF-β led to the emergence of a size-
able Treg population (~25% Foxp3+ cells among CD4+
cells) while still allowing some Th1 development (~10%
IFN-γ+ cells) (Fig. 4B). Remarkably, PTPRO−/− T cells
displayed dramatically enhanced Treg differentiation un-
der these IL-12 + TGF-β conditions. In PTPRO−/− cul-
tures, Foxp3+ T cells constituted ~30–40% of CD4+ cells,
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Fig. 3. PTPRO knockout shapes intestinal immune responses by regulating regulatory T cell (Treg)/helper T cell 1 (Th1) balance.
WTand PTPRO⁻/⁻ mice were assigned to NC or DSS treatment groups. In DSS groups, mice received drinking water containing 5% (w/v)
DSS from day 0 to day 5, followed by normal water for 7 days. NC groups received normal drinking water for 12 days. (A) Detection
of IFN-γ, TNF-α, IL-6, IL-1β, and IL-10 protein levels in colon tissue homogenates by ELISA. Data are expressed as pg/mg protein. n
= 6 mice per group. (B) Detection of IFN-γ, TNF-α, IL-6, IL-1β, IL-10, and Foxp3 mRNA expression levels in mouse colon tissues by
RT-qPCR. Data are expressed as fold change relative to the NC + WT group. n = 6 mice per group. (C) Flow cytometry analysis of Th1
cell subsets in colon lamina propria (LP) cells. Representative flow cytometry plots (top) and quantitative analysis (bottom) showing
IFN-γ+ CD4+ T cells and TNF-α+ CD4+ T cells. Cells were gated on live CD4+ T cells, and percentages indicate positive cells within
the CD4+ gate. n = 6 mice per group. (D) Flow cytometry analysis of Treg cell subsets in colon LP cells. Representative flow cytometry
plots (top) and quantitative analysis (bottom) showing Foxp3+ CD4+ T cells and Foxp3+ IL-10+ T cells. Cells were gated on live CD4+

T cells, and percentages indicate positive cells within the CD4+ gate. n = 6 mice per group. Data are expressed as mean ± SD. *p <

0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001. For all panels, one-way ANOVA followed by Tukey post-hoc test was performed
for statistical analysis. ELISA, enzyme-linked immunosorbent assay; IFN-γ, interferon-γ; IL-1β, interleukin-1β; IL-10, interleukin-10;
Foxp3, Forkhead box P3; CD4, clusters of differentiation 4.
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Fig. 4. PTPROknockout inhibits Th1 and promotes Treg cell differentiation in vitro. Native CD4+ T cells were isolated from spleens
of WT and PTPRO⁻/⁻ mice using anti-mouse native CD4 magnetic beads and activated in vitro with anti-CD3 and anti-CD28 antibodies
for 72 h. (A) Flow cytometry analysis of T cell differentiation under IL-12 polarization conditions (20 ng/mL IL-12). Representative flow
cytometry plots (left) and quantitative analysis (right) showing IFN-γ+ CD4+ T cells, TNF-α+ CD4+ T cells, and Foxp3+ CD4+ T cells.
Cells were gated on live CD4+ T cells, and percentages indicate positive cells within the CD4+ gate. n = 6 independent experiments.
(B) Flow cytometry analysis of T cell differentiation under combined IL-12 and TGF-β polarization conditions (20 ng/mL IL-12 + 5
ng/mL TGF-β). Representative flow cytometry plots (left) and quantitative analysis (right) showing IFN-γ+ CD4+ T cells, TNF-α+

CD4+ T cells, and Foxp3+ CD4+ T cells. Cells were gated on live CD4+ T cells, and percentages indicate positive cells within the
CD4+ gate. n = 6 independent experiments. (C) Detection of IFN-γ, TNF-α, and Foxp3mRNA expression levels by RT-qPCR in native
CD4+ T cells cultured under IL-12 polarization conditions. Data are expressed as fold change relative to the WT + IL-12 group. n =
6 independent experiments. (D) Detection of IFN-γ, TNF-α, and Foxp3 mRNA expression levels by RT-qPCR in native CD4+ T cells
cultured under IL-12 and TGF-β polarization conditions. Data are expressed as fold change relative to the WT + IL-12 + TGF-β group.
n = 6 independent experiments. Data are expressed as mean± SD. **p< 0.01; ***p< 0.001; ****p< 0.0001. For all panels, unpaired
two-tailed Student’s t-test was used for statistical analysis comparingWT and PTPRO⁻/⁻ groups under the same culture conditions. IL-12,
interleukin-12; TGF-β, transforming growth factor-β.

approximately 1.4 times the Treg percentage observed in
WT cultures (Fig. 4B). This dramatic increase indicates that
PTPRO deletion strongly favors Treg lineage commitment
when TGF-β signals are present. Correspondingly, the Th1

subset was further suppressed in PTPRO−/− cultures. Only
~7% of PTPRO−/− CD4+ cells were IFN-γ+ (vs ~10%
in WT, p < 0.05), and TNF-α+ cells were also fewer (6%
in PTPRO−/− vs ~15% in WT, Fig. 4B). These data re-
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inforce that PTPRO deficiency intrinsically shifts CD4+ T
cells away from Th1 and toward Treg differentiation, even
when both types of polarization signals are present.

Gene expression measurements further corroborated
the flow cytometry results. RNA was extracted from the
cultured T cells, and lineage-specific gene expression was
analyzed by RT-qPCR. Under Th1-polarizing conditions
(IL-12 without TGF-β), PTPRO−/− T cells showed signif-
icantly lower IFN-γ and TNF-αmRNA levels compared to
WT cells (Fig. 4C). Under combined IL-12 + TGF-β con-
ditions, the genotype differences became even more pro-
nounced (Fig. 4D). PTPRO−/− T cells had markedly lower
Th1 cytokine expression, with reduced IFN-γ and TNF-α
mRNA levels compared to WT, and substantially higher
Foxp3 expression (>3-fold increase, p < 0.05, Fig. 4D).
This robust upregulation of Foxp3 in PTPRO−/− cells ex-
posed to TGF-β reflects their heightened Treg differentia-
tion capacity. Together, the mRNA data align with the im-
munophenotyping, confirming that loss of PTPRO intrinsi-
cally dampens the Th1 program and facilitates the genera-
tion of Tregs in CD4+ T cells.

PTPRO Regulates Treg Differentiation via the
JAK2-STAT5 Pathway

Our results so far indicate that PTPRO constrains Treg
development. We next explored the molecular mecha-
nism behind this effect, focusing on the JAK-STAT sig-
naling axis. STAT5 is a transcription factor crucial for
Treg differentiation; it is activated downstream of IL-2
and drives Foxp3 expression when appropriately stimu-
lated. We hypothesized that PTPRO might influence the
Th1/Treg balance by modulating the phosphorylation sta-
tus of JAK2 and STAT5. This hypothesis was informed
by reports that PTPRO can dephosphorylate JAK family
kinases, and specifically that PTPRO can negatively reg-
ulate JAK2 activation in other cell types. We first con-
ducted co-immunoprecipitation (Co-IP) experiments with
colon lysates to test whether PTPRO and JAK2 physically
associate. Indeed, immunoprecipitating PTPRO from WT
colon lysates pulled down JAK2 (detected by anti-JAK2
western blot; Fig. 5A). Conversely, immunoprecipitating
JAK2 brought down PTPRO. These reciprocal Co-IPs con-
firm that PTPRO and JAK2 form a complex in colonic
cells, suggesting that PTPRO can bind JAK2 and poten-
tially modulate its phosphorylation state.

We next compared JAK2 and STAT5 activation in
DSS-treated WT vs. PTPRO−/− mice. Colonic lysates
from these mice were analyzed by western blotting for to-
tal and phosphorylated JAK2 and STAT5. As shown in
Fig. 5B (quantified in the right panel), the absence of PT-
PRO led to hyperactivation of the JAK2-STAT5 pathway.
PTPRO−/− colons had significantly higher levels of p-Jak2
(Tyr1007/Tyr1008) than WT colons (Fig. 5B). Densitom-
etry indicated approximately a 4-fold increase in p-JAK2
in PTPRO−/− samples (normalized to total JAK2, p <

0.05, Fig. 5B). Similarly, p-STAT5 (Tyr694) was ~2-fold
higher in PTPRO−/− colons compared to WT (Fig. 5B).
Importantly, total JAK2 and total STAT5 levels were simi-
lar between WT and PTPRO−/−, indicating that the differ-
ences were specific to phosphorylation (Fig. 5B). In other
words, PTPRO deficiency resulted in excessive JAK2-
STAT5 activation in the inflamed colon. This finding is
consistent with the notion that PTPRO normally acts as
a negative regulator of JAK2; in its absence, JAK2 re-
mains hyper-phosphorylated (constitutively active), driving
increased STAT5 activation. The heightened STAT5 activ-
ity in PTPRO−/− mice correlates with their increased Treg
differentiation, since STAT5 signaling is a key promoter of
Foxp3+ Treg development.

To establish a causal relationship between PTPRO ac-
tivity and JAK2-STAT5 signaling, we performed in vitro
experiments by adding exogenous recombinant PTPRO
protein to T cell cultures and examining the effect on path-
way activation. Naive CD4+ T cells were stimulated un-
der Treg-polarizing conditions (TGF-β + anti-CD3/CD28)
and treated with increasing concentrations of recombinant
PTPRO (0, 25, 50, or 100 µg/mL). After 24 h, cells were
analyzed by western blotting for p-JAK2 and p-STAT5.
The results (Fig. 5C) showed that PTPRO caused a dose-
dependent suppression of JAK2 and STAT5 phosphoryla-
tion. At the highest dose (100 µg/mL), p-JAK2 and p-
STAT5 levels were dramatically reduced (Fig. 5C). Quan-
tification confirmed a significant reduction in p-JAK2 and
p-STAT5 at 50 and 100 µg/mL PTPRO (both p < 0.05 vs.
0 µg/mL, Fig. 5C). These data indicate that exogenous PT-
PRO enzymatic activity can directly dephosphorylate and
inactivate JAK2-STAT5 signaling in T cells.

To validate these findings at the single-cell level,
we performed intracellular phospho-flow cytometry for p-
JAK2 and p-STAT5 under the same conditions. As the
dose of PTPRO increased, the percentage of p-JAK2+ cells
declined substantially (Fig. 5D). At 100 µg/mL PTPRO,
fewer than 30% of cells were p-JAK2+, indicating effective
JAK2 dephosphorylation in the majority of cells (Fig. 5D).
A similar dose-dependent decline was observed in p-STAT5
levels (Fig. 5E). These phospho-flow results corroborate
the western blots, reinforcing that PTPRO directly atten-
uates JAK2-STAT5 activation in CD4+ T cells. Taken to-
gether, the in vivo and in vitro evidence strongly implicates
the JAK2-STAT5 pathway as a primary target of PTPRO’s
phosphatase activity in the immune system.

To further confirm that enhanced JAK2-STAT5 signal-
ing underlies the protective phenotype in PTPRO−/− mice,
we administered the selective JAK2 inhibitor AZD1480
to DSS-treated mice. Flow cytometry of colonic lym-
phocytes revealed that JAK2 inhibition largely eliminated
the Th1/Treg differences between PTPRO−/− and WT
mice (Fig. 5F). As expected, vehicle-treated PTPRO−/−

mice showed the characteristic low-Th1/high-Treg profile
(fewer IFN-γ+ CD4+ cells and more Foxp3+ CD4+ cells)
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Fig. 5. PTPRO inhibition promotes Treg differentiation through the JAK2-STAT5 signaling pathway. (A) Co-immunoprecipitation
experiment in mouse colon tissues showing that PTPRO can bind to JAK2. (B) Western blot analysis of JAK2-STAT5 signaling pathway
proteins in colon tissues fromWT and PTPRO⁻/⁻ mice under DSS treatment. Representative blots (left) and densitometric quantification
(right) showing p-JAK2, JAK2, p-STAT5, STAT5, and β-actin expression levels. Protein levels were normalized to their respective total
proteins or β-actin. n = 6 mice per group. (C) Dose-dependent effects of recombinant PTPRO protein on JAK2-STAT5 signaling in
TGF-β-stimulated native CD4+ T cells. Cells were treated with increasing concentrations of PTPRO protein (0, 25, 50, 100 µg/mL)
for 24 h. Representative western blots (left) and densitometric quantification (right) showing p-JAK2, JAK2, p-STAT5, STAT5, and
β-actin expression levels. n = 3–6 independent experiments. (D) Flow cytometry analysis of p-JAK2 expression in TGF-β-stimulated
CD4+ T cells treated with different concentrations of recombinant PTPRO protein. Representative histograms (left) showing p-JAK2
mean fluorescence intensity (MFI) with quantitative analysis (right). Red numbers indicate the percentage of p-JAK2+ cells. n = 6
independent experiments. (E) Flow cytometry analysis of p-STAT5 expression in TGF-β-stimulated CD4+ T cells treated with different
concentrations of recombinant PTPRO protein. Representative histograms (left) showing p-STAT5MFI with quantitative analysis (right).
Red numbers indicate percentage of p-STAT5+ cells. n = 6 independent experiments. (F) Flow cytometry analysis of IFN-γ+ CD4+ T
cells (Th1) and Foxp3+ CD4+ T cells (Treg) in colon lamina propria from DSS-treated mice with or without JAK2 inhibitor AZD1480
treatment. Representative flow cytometry plots (upper) and quantitative analysis (lower). Mice received daily intraperitoneal injections
of AZD1480 (30 mg/kg) or vehicle control starting from day 0. Red numbers indicate percentages of positive cells within the CD4+ gate.
n = 6 mice per group. (G) Western blot analysis of p-JAK2 and p-STAT5 proteins in colon tissues from DSS-treated mice with or without
JAK2 inhibitor AZD1480 treatment. Representative western blots (left) and densitometric quantification (right) showing p-JAK2, JAK2,
p-STAT5, STAT5, and β-actin expression levels. n = 6 mice per group. Data are expressed as mean± SD. *p < 0.05; **p < 0.01; ***p
< 0.001; ****p < 0.0001. For (B), unpaired two-tailed Student’s t-test was used; for (C), (D), (E), and (F), one-way ANOVA followed
by Tukey post-hoc test was performed. JAK2, Janus kinase 2; p-JAK2, phosphorylated JAK2; STAT5, signal transducer and activator of
transcription 5; p-STAT5, phosphorylated STAT5; IgG, immunoglobulin G.
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(Fig. 5F). However, Th1 cell frequency increased to near
WT levels and Treg frequency significantly decreased in
PTPRO−/− mice treated with AZD1480 (Fig. 5F, lower
panel). We also confirmed that AZD1480 treatment ef-
fectively reduced p-STAT5 levels in PTPRO−/− T cells
(Fig. 5G), consistent with the inhibition of the JAK2-STAT5
pathway. These results indicate that the expansion of Tregs
and suppression of Th1 cells in PTPRO−/− mice depends
on intact JAK2-STAT5 signaling.

JAK2 Inhibition Abrogates the Protective Effect of
PTPRO Deficiency in Colitis

If the protective effect of PTPRO deficiency in colitis
is mediated by enhanced JAK2-STAT5 signaling (and the
resulting increase in Tregs), then pharmacologically block-
ing JAK2 should abolish that benefit. We tested this hy-
pothesis by administering the JAK2 inhibitor AZD1480 to
PTPRO−/− mice during DSS colitis (Fig. 6A). PTPRO−/−

mice normally lost minimal weight under DSS, but with
AZD1480 they underwent rapid, severe weight loss akin
to WT mice (Fig. 6B). Accordingly, the DAI of AZD1480-
treated PTPRO−/− mice rose dramatically (Fig. 6C). By
day 12, these mice reached DAI scores of ~7–8, compared
to only ~4–5 in PTPRO−/− mice on vehicle (Fig. 6C). In
fact, PTPRO−/− mice given AZD1480 were statistically
indistinguishable fromWTmice inDAI, demonstrating that
JAK2 inhibition largely abolished the disease resistance of
PTPRO deficiency (Fig. 6C).

Macroscopic and histological analyses corroborated
these findings. DSS exposure shortened WT colons to ~5.2
cm, whereas PTPRO−/− colons remained ~6.7 cm on ve-
hicle. However, PTPRO−/− colons on AZD1480 were
severely shortened (~5.6 cm), on par with WT (Fig. 6D).
These inhibitor-treated PTPRO−/− colons were as swollen,
hyperemic, and contracted as those of WT mice, indicat-
ing substantial inflammation. Histologically, PTPRO−/−

colons treated with AZD1480 showed extensive dam-
age similar to WT colitis (Fig. 6E). While PTPRO−/−

colons on vehicle had only mild, superficial inflammation
(Fig. 6E), those receiving AZD1480 exhibited largely de-
nuded mucosa with deep ulcerations and dense inflamma-
tory infiltrates penetrating the submucosa (Fig. 6E). The
histology score for PTPRO−/− mice surged with JAK2 in-
hibition, reaching ~9–10 (vs ~7 with vehicle, p < 0.05,
Fig. 6F). Again, PTPRO−/− + AZD1480 mice were com-
parable to WT mice in histology score (Fig. 6F).

Moreover, we measured representative Th1 and Treg
markers in colonic tissues across groups to determine
whether the immune signature of PTPRO−/− was re-
versed by JAK2 inhibition. By RT-qPCR, vehicle-
treated PTPRO−/− colons had much lower IFN-γ and
higher Foxp3 compared to WT (Fig. 6G,H). Upon JAK2
inhibition, the IFN-γ mRNA level in PTPRO−/− +
AZD1480 mice was elevated comparable to PTPRO−/−

mice (Fig. 6G). Conversely, Foxp3 mRNA in PTPRO−/−

+ AZD1480 mice plummeted to ~30% of the level in un-
treated PTPRO−/− mice (p < 0.05), essentially negating
the Foxp3 elevation that PTPRO deficiency normally con-
fers (Fig. 6H). Finally, we evaluated goblet cell preser-
vation using AB/PAS staining. As noted, vehicle-treated
PTPRO−/− mice retained abundant goblet cells despite
DSS (Fig. 6I). However, PTPRO−/− mice on AZD1480
lost this goblet cell protection (Fig. 6I). Their goblet cell
counts dropped to ~120 cells per field, equivalent to the se-
vere depletion in WT DSS mice (Fig. 6I). This indicates
that maintenance of the mucus barrier in PTPRO−/− coli-
tis also depended on JAK2-STAT5 activity (likely via IL-10
and Treg-associated repair factors), and when that pathway
was blocked, mucosal damage proceeded unchecked.

Discussion

In this study, we have identified PTPRO as a key reg-
ulator of intestinal inflammation and immune homeostasis
in ulcerative colitis. We demonstrated that PTPRO expres-
sion is significantly elevated in active UC, and that PTPRO
deficiency dramatically reduces colitis severity by shift-
ing CD4+ T cell responses away from pathogenic Th1 im-
munity and toward protective Treg activity. Mechanisti-
cally, our data indicate that PTPRO mediates these effects
via the JAK2-STAT5 signaling pathway: PTPRO normally
acts as a negative regulator of STAT5 phosphorylation,
thereby constraining Treg differentiation. When PTPRO
is absent, JAK2/STAT5 signaling is hyperactive, promot-
ing Foxp3+ Treg development and tempering inflamma-
tion. Conversely, blocking JAK2 signaling in PTPRO−/−

mice negated the benefits of PTPRO loss, confirming that
PTPRO’s pro-inflammatory influence in colitis operates
through this pathway. Collectively, our findings shed new
light on how dysregulated tyrosine phosphatase activity can
contribute to Th1/Treg imbalance in UC, and they suggest
that PTPROmay represent a novel therapeutic target for re-
balancing the immune response in this disease.

Our study establishes a clear correlation between PT-
PRO expression and UC disease activity. We observed
that PTPRO mRNA and protein were significantly upregu-
lated in the colonic tissues of both DSS-treated colitic mice
and UC patients, especially those with more severe disease.
This finding is consistent with prior studies linking PTPRO
to inflammatory conditions. Previous studies have shown
that PTPRO levels are elevated in UC patients with active
disease and correlate with endoscopic severity [21]. Sim-
ilarly, increased PTPRO expression has been documented
in a variety of chronic inflammatory diseases, often asso-
ciated with worse clinical outcomes. For example, in the
context of inflammation related to obesity [18], the trun-
cated isoform PTPROt exacerbates liver inflammation in
NASH. By adding UC to the list of conditions with PTPRO
overexpression, our data suggest that PTPRO could serve as
a biomarker of intestinal inflammatory activity. Clinically,
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Fig. 6. JAK2 inhibition blocks the protective effect of PTPRO knockout on ulcerative colitis in mice. (A) Experimental design
schematic for panels (B–I). WT and PTPRO⁻/⁻ mice were treated with DSS and received daily intraperitoneal injections of either vehicle
control or JAK2 inhibitor AZD1480 (30 mg/kg) starting from day 0. Mice received drinking water containing 5% (w/v) DSS from day 0
to day 5, followed by normal water for 7 days. (B) Body weight changes during the experimental period. Data are expressed as percentage
of initial body weight. n = 10 mice per group. (C) DAI scores measured on day 12. DAI was calculated as the sum of weight loss, stool
consistency, and rectal bleeding scores. n = 10 mice per group. (D) Representative images of colon tissues from each experimental group
and quantification of colon length. Scale bar represents 1 cm. n = 10 mice per group. (E) Representative H&E staining images of distal
colon from each experimental group showing histopathological changes. Scale bar, 200 µm. (F) Histopathological scores evaluating
inflammation severity, tissue damage, and architectural distortion. n = 10 mice per group. (G,H) Detection of IFN-γ (G) and Foxp3 (H)
mRNA expression levels in mouse colon tissues by RT-qPCR. Data are expressed as fold change relative to the DSS + WT group. n = 6
mice per group. (I) Representative AB/PAS staining images showing goblet cells (purple-stained) in colon crypts from each experimental
group (left) and quantification of goblet cell numbers per field (right). At least 20 well-oriented crypts were counted per mouse. Scale
bar, 100 µm. n = 10 mice per group. Data are expressed as mean ± SD. *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001. For
(B), two-way ANOVA with repeated measures followed by Bonferroni post-hoc test was performed; for (C), (D), (F), (G), (H), and (I),
one-way ANOVA followed by Tukey post-hoc test was used for statistical analysis.
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if high PTPRO levels in biopsy tissue reflect UC severity
(as our patient data suggest), monitoring PTPRO expression
might help in evaluating disease progression or predicting
flares.

Functionally, we showed that genetic ablation of
PTPRO provides significant protection against colitis.
PTPRO−/− mice had markedly less weight loss, lower
DAI scores, and improved histopathology compared to WT
mice after DSS exposure. The knockout mice had min-
imal ulceration and preserved crypt architecture, indicat-
ing that the tissue damage normally caused by DSS was
greatly reduced. This observation suggests that PTPRO
actively drives inflammatory injury. Consistent with this,
PTPRO−/− mice maintained near-normal goblet cell num-
bers andmucin levels, suggesting an intact epithelial barrier
despite the inflammatory insult. Moreover, PTPRO−/−

colons displayed a cytokine profile skewed toward anti-
inflammatory mediators (low IFN-γ, TNF-α, IL-6, and IL-
1β, and high IL-10), a profile known to favor resolution of
inflammation and tissue healing. This phenotype closely
resembles other contexts in which pathogenic T cell re-
sponses are curbed. For instance, mice deficient in cer-
tain Th1/Th17-driving factors or mice treated with Treg-
boosting therapies often show milder colitis and preserved
mucus layers. Thus, our results indicate that PTPRO is a
critical endogenous promoter of colitis pathogenesis, likely
sustaining pro-inflammatory immune pathways that lead to
tissue damage. Removing PTPRO (genetically or poten-
tially pharmacologically) effectively “rebalances” the im-
mune response and protects the intestinal mucosa.

A central discovery of this work is that PTPRO dele-
tion restores the balance of CD4+ T cell subsets in favor of
Tregs over Th1 cells. An imbalance between Th1 and Treg
cells is a hallmark of IBD immunopathology: excessive
Th1 (and Th17) responses coupled with inadequate Treg
suppression contribute to chronic inflammation [27]. In our
DSS colitis model, PTPRO−/− mice showed a dramatic
correction of this imbalance: they had significantly fewer
colonic Th1 cells and approximately double the Treg fre-
quency of WT mice. This in vivo rebalancing was mirrored
by our in vitro experiments, which showed that PTPRO-
deficient T cells are intrinsically less prone to differentiate
into IFN-γ+ Th1 cells andmore inclined to become Foxp3+
Tregs. Notably, even under strongly Th1-polarizing condi-
tions, PTPRO−/− T cells exhibited an increased tendency
to express Foxp3, and under Treg-favoring conditions, they
generated Tregs at much higher rates than WT cells. These
observations suggest that PTPRO normally acts within T
cells to favor inflammatory (Th1) differentiation while re-
straining the induction of regulatory phenotypes. Our find-
ings are consistent with earlier evidence that PTPRO influ-
ences T cell behavior. For example, PTPROt (the immune
isoform of PTPRO) helps sustain T cell activation in the tu-
mor microenvironment of liver cancer. Moreover, recent
research has associated high PTPRO expression with en-

hanced Th1 and cytotoxic T cell infiltration in certain dis-
eases [28]. We extend these insights to IBD by showing that
PTPRO is a novel modulator of mucosal T cell responses
whose absence promotes immune tolerance. In essence,
PTPRO functions as a pro-inflammatory “switch” that tilts
the balance toward Th1-driven immunity at the expense of
Treg-mediated regulation. When this switch is turned off
(as in PTPRO−/− mice), the immune system defaults to a
more regulated state that better controls inflammation. This
makes PTPRO an attractive target for therapy, since modu-
lating it could help restore the disturbed Th1/Treg equilib-
rium in UC patients.

Our mechanistic studies identified the JAK2-STAT5
pathway as a major downstream target of PTPRO in T cells.
We found that PTPRO interacts with JAK2, a pivotal ki-
nase in multiple cytokine signaling pathways. However,
we did not investigate whether the interaction between PT-
PRO and JAK2 is direct or indirect via other proteins. This
represents a limitation of our study that merits further in-
vestigation in future research. Under normal conditions,
PTPRO likely dephosphorylates JAK2 to keep its activ-
ity in check [29]. In the absence of PTPRO, JAK2 be-
comes hyperactivated, leading to excessive STAT5 phos-
phorylation. STAT5 is well known to drive Foxp3 expres-
sion and stabilize Treg differentiation in the presence of
TGF-β [30,31]. Therefore, the enhanced STAT5 activa-
tion in PTPRO−/− T cells offers a plausible explanation for
their Treg expansion. In our experiments, PTPRO−/− mice
exhibited elevated colonic STAT5 phosphorylation along
with increased Foxp3+ Tregs, whereas WT mice had lower
STAT5 activity and fewer Tregs. We established causal-
ity for this mechanism in two ways: by reintroducing PT-
PRO protein and by inhibiting JAK2. Adding recombinant
PTPRO protein to T cell cultures caused a dose-dependent
suppression of JAK2 and STAT5 phosphorylation, confirm-
ing that PTPRO can dampen JAK2-STAT5 signaling. Con-
versely, pharmacological JAK2 inhibition in PTPRO−/−

mice abolished the STAT5 signal sustaining their Tregs,
causing the Treg population to decline and Th1-mediated
inflammation to rebound. Essentially, blocking JAK2made
PTPRO−/−mice resemble PTPRO-sufficientmice in terms
of T cell balance and colitis severity. These findings un-
derscore that PTPRO’s impact on the Th1/Treg balance is
executed through its control of JAK2-STAT5 signaling. It
is worth noting that JAK2 transmits signals for many cy-
tokines (IL-6, IL-12, IL-23, and granulocyte–macrophage
colony-stimulating factor, among others), so PTPRO might
influence multiple arms of the immune response. However,
STAT5 activation is most critically tied to IL-2 family cy-
tokines that promote Treg survival and expansion. Our data
suggest that the PTPRO-JAK2 interaction predominantly
affects the JAK2/STAT5 axis in CD4+ T cells, thereby al-
tering Treg outcomes.

The importance of JAK-STAT pathways in IBD patho-
genesis and therapy is well established [32]. Abnormal ac-
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tivation of various JAK/STAT members has been observed
in IBD, and broad-spectrum JAK inhibitors like tofacitinib
(which targets JAK1/3) are effective in treating moderate-
to-severe UC by suppressing inflammatory cytokine sig-
naling [33]. Our findings add nuance to this paradigm by
showing that specific modulation of the JAK2-STAT5 axis
in certain immune cells can yield therapeutic benefits by
enhancing regulatory immunity. Conventional JAK inhibi-
tion in IBD works by broadly dampening effector lympho-
cytes and inflammatory cytokines—effective for inflamma-
tion control, but potentially compromising some host de-
fenses. In contrast, PTPRO deficiency represents a more
targeted form of immune modulation. It selectively ampli-
fies JAK2/STAT5 signaling in T cells, resulting in Treg ex-
pansion and suppression of inflammation without globally
disabling the immune system. Interestingly, a recent study
in an autoimmune encephalomyelitis model found that par-
tial inhibition of JAK2/STAT5 skewed T cells away from
pathogenic phenotypes [34]. In our colitis model, how-
ever, inhibition of JAK2 eliminated Tregs and worsened
disease. These observations suggest that the timing, con-
text, and degree of JAK-STAT modulation can have very
different outcomes—there is a fine balance between con-
trolling pathogenic inflammation and maintaining immune
regulation. Our work suggests that inhibiting a negative
regulator like PTPRO might achieve a therapeutic immune
rebalance (enhancing Treg function) that is distinct from,
yet complementary to, the effects of direct JAK inhibition.
In other words, rather than only blocking inflammatory sig-
nals, therapy could also aim to harness the body’s own reg-
ulatory mechanisms.

Our study points to PTPRO as a potential therapeutic
target in UC. If small-molecule inhibitors or antagonists of
PTPRO can be developed (or repurposed from other indi-
cations), they could pharmacologically mimic the PTPRO-
deficient condition. By inhibiting PTPRO in intestinal im-
mune cells, one would expect enhanced STAT5 activation
and Treg responses, thereby quelling inflammation. A par-
allel can be drawn to PTPN22, another phosphatase for
which inhibitors have been explored to boost Treg func-
tion in autoimmune models. However, it is important to ac-
knowledge that targeting phosphatases is challenging and
requires high specificity to avoid off-target effects. PT-
PRO is expressed in multiple tissues (most notably kidney
podocytes, where it was first characterized), so systemic
PTPRO inhibition could carry risks such as kidney dys-
function (e.g., proteinuria) [35]. Therefore, any therapeu-
tic strategy would need to minimize off-target exposure—
possible approaches include colon-targeted drug delivery
or developing biologics that block PTPRO specifically in
gut immune cells. Alternatively, there is growing inter-
est in treatments that enhance regulatory immunity (for in-
stance, low-dose IL-2 therapy to expand Tregs in autoim-
mune diseases) [36,37]. A PTPRO inhibitor could be com-
bined with such treatments. Conceptually, PTPRO inhibi-

tion might achieve a similar effect by relieving the JAK2-
STAT5 axis from negative regulation, thereby amplifying
IL-2 signaling and promoting Treg proliferation. However,
any such approach must be finely tuned—excessive STAT5
activation can have unwanted consequences (e.g., poten-
tially promoting aberrant cell growth or affecting other cell
types). Thus, a PTPRO-targeted therapy would require
careful calibration. Nonetheless, our results provide proof-
of-principle that modulating a phosphatase can tilt the im-
mune response toward resolution of inflammation without
broadly immunosuppressing the host.

While our study provides significant insights, it also
raises questions for future investigation. First, the DSS
model we used primarily reflects innate immune–driven
colitis. Although we observed T cell changes, this model
might not capture all aspects of human UC immunopathol-
ogy. It will be valuable to examine PTPRO’s role in other
IBDmodels, such as T cell transfer colitis or chronic chemi-
cally induced colitis, to determine the generalization of our
findings. Second, our patient data show a correlation be-
tween PTPRO levels and disease severity, but the causa-
tion is not established. It remains to be determined whether
high PTPRO in patients is merely a marker of inflammation
or actively contributes to it. Tracking PTPRO expression
longitudinally in patients receiving treatment (to determine
whether it decreases with successful therapy) could clarify
its role as a biomarker or mediator. Third, at the cellular
level, the specific immune cell types in which PTPRO acts
to promote colitis are not fully defined. We have strong
evidence for a T cell–intrinsic role, but PTPRO is also ex-
pressed in macrophages, B cells, and other immune cells
[38]. In prior studies, researchers found that PTPRO and the
TLR4/NF-κB signaling pathway were upregulated in dam-
aged intestinal mucosa and lamina propria mononuclear
cells of ulcerative colitis patients [21]. This study also re-
vealed that PTPRO-overexpressing macrophages enhance
NF-κB/p65 phosphorylation, thereby inhibiting intestinal
epithelial cell proliferation and promoting apoptosis [21].
Moreover, tumor-derived exosomal PTPRO induces M1-
like macrophage polarization and suppresses STAT signal-
ing, thus inhibiting breast cancer progression [39]. Wang
et al. [40] demonstrated that PTPRO downregulation pro-
motes M2 macrophage polarization in gestational diabetes.
Given that TLR4/NF-κB signaling regulation is closely
linked to the balance of M1/M2 macrophage polarization,
PTPRO’s effect on macrophage polarization (M1 vs. M2)
could also influence colitis outcomes, as macrophages are
key players in mucosal innate immunity [38]. It would be
interesting to investigate whether PTPRO−/− mice have al-
tered macrophage or dendritic cell functions. Future stud-
ies using cell type–specific PTPRO knockouts (e.g., T cell–
specific or myeloid-specific deletion) could dissect the con-
tributions of different compartments. Additionally, our
finding that PTPRO binds JAK2 prompts questions about
which upstream signals regulate PTPRO during colitis. Al-

https://www.discovmed.com/


2783

though we observed that PTPRO is induced by DSS and in
active UC, the triggers for this upregulation warrant further
investigation.

Conclusion

In conclusion, we have identified PTPRO as a novel
player in the immunopathology of ulcerative colitis. PT-
PRO aggravates colitis by promoting Th1-mediated inflam-
mation and inhibiting Treg differentiation through suppres-
sion of JAK2-STAT5 signaling. Conversely, in the absence
of PTPRO, enhanced STAT5 activation leads to increased
Treg responses and amelioration of intestinal inflamma-
tion. These findings not only illuminate fundamental mech-
anisms governing T cell balance in the gut but also highlight
PTPRO as a potential therapeutic target. By targeting PT-
PRO or its downstream effects, it may be possible to restore
immune tolerance in UC and relieve chronic inflammation.
Future research should explore the therapeutic potential of
PTPRO, including developing PTPRO inhibitors or related
strategies and testing their safety and efficacy in preclinical
models. Additionally, investigating PTPRO’s role across
different phases of IBD (disease initiation, flare, and remis-
sion) and its interactions with other pathways (such as NF-
κB, STAT3, or metabolic checkpoints) will deepen our un-
derstanding of how this phosphatase orchestrates immune
cell function. In summary, our work provides a strong ratio-
nale for further exploration of PTPRO in IBD pathogenesis
and therapy, potentially paving the way for more targeted
immunomodulatory treatments for UC and related inflam-
matory disorders.
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