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Inflammatory response or oxidative stress
induces upregulation of PTPN2 and thus promotes
the progression of laryngocarcinoma
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Abstract. - OBJECTIVE: This study aims to in-
vestigate whether inflammatory response or ox-
idative stress could induce upregulation of PT-
PN2, thus promoting the progression of laryn-
gocarcinoma.

PATIENTS AND METHODS: PTPN2 levels in
laryngocarcinoma tissues and normal tissues
were detected. In addition, PTPN2 levels in laryn-
gocarcinoma tissues with stage 1/2 or stage 3/4
were determined as well. In vitro abundance
of PTPN2 was measured in laryngocarcinoma
cells and immortalized human nasopharyngeal
epithelial cells. Survival analysis was conducted
in laryngocarcinoma patients with high or low
expression level of PTPN2. Subsequently, M4E
cells were stimulated with inflammation (IFN-y
or TNF-o treatment) or oxidative stress (H,O,
stimulation), followed by determination of the
protein level of PTPN2. In M4E cells stimulated
with different concentrations of H,0,, the clon-
ality and Ki-67 positive cell ratio were detected.
Finally, clonality and Ki-67 positive cell ratio in
MA4E cells transfected with negative control or
sh-PTPN2, regardless of H,0, stimulation, were
assessed.

RESULTS: PTPN2 was upregulated in laryngo-
carcinoma tissues, especially those in stage 3/4.
Similarly, in vitro abundance of PTPN2 was high-
er in laryngocarcinoma cell lines. The high level
of PTPN2 predicted poor prognosis in laryngo-
carcinoma patients. IFN-y or TNF-o treatment up-
regulated the protein level of PTPN2. Meanwhile,
H,O, stimulation upregulated the protein level
of PTPN2, dose-dependently increased clonality,
and Ki-67 positive cell ratio in M4E cells. The
knockdown of PTPN2 suppressed clonality and
Ki-67 positive cell ratio in M4E cells stimulated
by H,O, or not.

CONCLUSIONS: Inflammatory response or ox-
idative stress could induce upregulation of PT-
PN2, thus promoting the proliferative ability of
laryngocarcinoma.
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Introduction

Laryngocarcinoma is one of the most com-
mon head and neck tumors characterized by lo-
cal invasion and cervical lymphatic metastasis'.
During the past two decades, the overall sur-
vival of laryngocarcinoma has not been greatly
improved even though great strides have been
made on tumor diagnosis and treatment. Yu et al?
showed that 1-year and 2-year overall survival for
untreated laryngocarcinoma is 56.4% and 26.5%,
respectively. A systematic review reported that
surgery combined with radiotherapy or chemo-
therapy is the most preferred therapy for laryngo-
carcinoma. Nevertheless, the 5-year survival after
active treatment is only about 64.2%. The major-
ity of laryngocarcinoma patients will suffer from
postoperative dysphagia and speech dysfunction.
However, effective therapeutic approaches for
local recurrence and metastasis of laryngocarci-
noma are lacked and urgently needed to be de-
veloped?®.

PTPN2 is a member of the tyrosine phospha-
tase (PTP) family*. In hematopoietic cells, it acts
as an important negative regulator of T cell recep-
tors (TCR) and cytokines. PTPN2 dephosphory-
lates the SRC family kinases Lck, Fyn, JAK1, and
JAK3, thus exerting its biological functions>®.
PTPN?2 deficiency activates CD8" T cells, thereaf-
ter, it induces autoimmune syndrome’. Secretion
of IFN-y and IL-6 can be accelerated by PTPN2
deficiency as well®®. PTPN2 has been identified
as a target for tumor immunotherapy. It is mark-
edly upregulated in tumors beyond the control of
immunotherapy'. Silence of PTPN2 is believed to
enhance the immunotherapy-sensitivity in mela-
noma and colon cancer'®'".

It is generally considered that PTPN2 is of sig-
nificance in metabolic diseases and inflammatory
diseases'?. Our study focused on the changes of
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PTPN2 following the stimulation of inflammato-
ry response or oxidative stress, and its biological
functions in the progression of laryngocarcinoma
were examined as well.

Patients and Methods

Sample Collection

Laryngocarcinoma tissues (n=54) and paracan-
cerous tissues (n=54) were collected from First
Affiliated Hospital of China Medical University.
None of laryngocarcinoma patients received pre-
operative chemotherapy or radiotherapy. Tissue
samples were immediately frozen in liquid ni-
trogen and preserved at -80°C. Patients and their
families in this study have been fully informed.
This study was approved by Ethics Committee
of the First Affiliated Hospital of China Medical
University.

Cell Culture

Laryngocarcinoma cells (TU212, Hep-2, M4E,
M2E) and immortalized human nasopharyn-
geal epithelial cells (NP69) purchased from Cell
Bank (Shanghai, China) were cultured in Ros-
well Park Memorial Institute-1640 (RPMI-1640;
HyClone, South Logan, UT, USA) containing
10% fetal bovine serum (FBS; Gibco, Rockville,
MD, USA), 1% penicillin-streptomycin. Medi-
um was regularly replaced every 1-2 days. Cell
passage was conducted until 80-90% confluence.
Fourth-fifth-generation cells with good condition
were collected for treatment with IFN-y, TNF-a,
H,O, or NAC.

Cell Transfection

The cells were inoculated in a 6-well plate and
cultured to 70% confluence. Transfection was
conducted using Poly plus. Six hours later, fresh
medium was replaced. PTPN2 shRNA sequence:
(Sense, 5"-3"): CACAAAGAAGTTACATCTT and
(Antisense, 5'-3"): AAGATGTAACTTCTTTGTG.

Quantitative Real Time-Polymerase
Chain Reaction (gRT-PCR)

Cellular RNA was isolated using TRIzol meth-
od (Invitrogen, Carlsbad, CA, USA) and reversely
transcribed into complementary deoxyribose nucle-
ic acid (cDNA), followed by PCR by SYBR Green
method (TaKaRa, Otsu, Shiga, Japan). The primer
sequences were listed as follows: PTPN2: forward:
5“ATCGAGCGGGAGTTCGA-3" and reverse:
5"TCTGGAAACTTGGCCACTC-3;  GAPDH,

forward: 5-CGAGATCCCTCCAAAATCAA-3,
reverse: S-TTCACACCCATGACGAACAT-3".

Western Blot

Cellular protein was isolated using radioimmu-
noprecipitation assay (RIPA) and electrophoresed
(Beyotime, Shanghai, China). The protein sample
was loaded on polyvinylidene difluoride (PVDF)
membranes (Millipore, Billerica, MA, USA), im-
mersed in phosphate-buffered saline (PBS) con-
taining 5% skim milk for 2 hours, and reacted with
primary antibodies at 4°C overnight and secondary
antibodies for 2 h. Band exposure was achieved
by enhanced chemiluminescence (ECL) and pro-
cessed by Image Software (NIH, Bethesda, MD,
USA).

Colony Formation Assay

The cells were prepared for suspension with
1x10/L. 2x10° cells/well were inoculated in a
6-well plate and cultured for 2 weeks. Afterwards,
the cells were incubated with 4% polyformalde-
hyde for 30 min, dyed with 0.1% crystal violet for
30 min, and captured for visible colonies.

Ki-67 Staining

The cells were stained with Ki-67 PE (Bio-
Legend, San Diego, CA, USA) at 4°C for 30 min.
Before cell staining, cell viability should be con-
firmed to be higher than 99%. At least 50,000 liv-
ing cells per sample should be analyzed and Ki-67
positive cell ratio was calculated using the FlowJo
software. PTPN2 shRNA sequence: (Sense, 5'-3"):
CACAAAGAAGTTACATCTT and (Antisense,
5'-3"): AAGATGTAACTTCTTTGTG.

Statistical Analysis

Statistical Product and Service Solutions
(SPSS) 22.0 (IBM Corp., Armonk, NY, USA) was
used for statistical analyses. Data were expressed
as mean = SD (standard deviation). The #-test
was used for analyzing the differences between
the two groups. Survival analysis was assessed
by Kaplan-Meier method, followed by Log-rank
test for the comparison between the two curves.
p<0.05 indicated the significant difference.

Results
Upregulated PTPN2
in Laryngocarcinoma

PTPN2 was found to be upregulated in laryn-
gocarcinoma tissues than that in paracancerous
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Figure 1. Upregulated PTPN2 in laryngocarcinoma. A, PTPN2 level in laryngocarcinoma tissues and paracancerous tissues.
B, PTPN2 level in laryngocarcinoma patients with stagel/2 or stage3/4. C, Overall survival in laryngocarcinoma patients ex-
pressing high or low level of PTPN2. D, PTPN2 level in laryngocarcinoma cells (TU212, Hep-2, M4E, M2E) and immortalized

human nasopharyngeal epithelial cells (NP69).

tissues (Figure 1A). Particularly, laryngocarcino-
ma patients in stage 3/4 expressed higher abun-
dance of PTPN2 than those in stage 1/2 (Figure
1B). The Kaplan-Meier curves revealed worse
survival in laryngocarcinoma patients expressing
high level of PTPN2, suggesting that PTPN2 was
unfavorable to the prognosis of laryngocarcino-
ma (HR=2.07, p=0.0347, Figure 1C). Meanwhile,
PTPN2 was highly expressed in laryngocarcino-
ma cell lines as well (Figure 1D). In the following
experiments, M4E cell line was selected because
of its highest abundance of PTPN2 among the five
tested laryngocarcinoma cell lines.

PTPNZ2 Was Activated
by Inflammatory Response

MAE cells were treated with [FN-y or TNF-a.
Interestingly, the protein level of PTPN2 was re-
markably upregulated following inflammatory re-
sponse. Particularly, the treatment of both IFN-y
and TNF-a resulted in a pronounced upregulation
of PTPN2 (Figure 2).
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PTPNZ Was Activated by Oxidative Stress
After H,O, stimulation, the protein level of
PTPN2 was upregulated in M4E cells, which was
further reversed by NAC, an antioxidant (Figure
3A). Moreover, the protein level of PTPN2 was
dose-dependently upregulated in M4E cells stim-
ulated with 0, 10, 20 or 30 uM H,O, (Figure 3B).
Both clonality and Ki-67 positive cell ratio were
dose-dependently elevated in M4E cells, suggest-
ing that oxidative stress promotes proliferative
ability in laryngocarcinoma (Figure 3C, 3D).

Knockdown of PTPN2
Suppressed Proliferative Ability
in Laryngocarcinoma

To validate the influence of PTPN2 on prolif-
erative ability in laryngocarcinoma, M4E cells
were transfected with negative control or sh-PT-
PN2, respectively. Clonality was attenuated after
the knockdown of PTPN2 in M4E cells stimulated
by H,O, or not (Figure 4A). Similarly, Ki-67 pos-
itive cell ratio decreased after the transfection of
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Figure 2. PTPN2 was activated by inflammatory response. Protein level of PTPN2 in M4E cells treated with IFN-y, TNF-a

or IFN-y+TNF-.

sh-PTPN2 regardless of H,O, stimulation (Figure
4B). It is believed that PTPN2 is able to promote
proliferative ability in laryngocarcinoma.

Discussion
Laryngocarcinoma is a common malignant

tumor of the head and neck, and its incidence is
about 5% of systemic malignant tumors". More

than 95% of laryngocarcinoma cases belong to
laryngeal squamous cell carcinoma'. In recent
years, the incidence of laryngocarcinoma is on
the rise in our country. It is estimated that laryn-
gocarcinoma has been the leading malignancy
in head and neck cancers in northern China, and
second in the southern China following naso-
pharyngeal cancer. Currently, the diagnosis and
prognosis of laryngocarcinoma mainly rely on
endoscopy and tissue biopsy, which are complex
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Figure 3. PTPN2 was activated by oxidative stress. A, Protein level of PTPN2 in M4E cells treated with H202 or H202+NAC.
B, Protein level of PTPN2 in M4E cells treated with 0, 10, 20 or 30 uM H,0,. C, Clonality in M4E cells treated with 0, 10, 20

or 30 uM H,O

, (magnification: 10%). D, Ki-67 positive cell ratio in M4E cells treated with 0, 10, 20 or 30 uM H,0,.
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Figure 4. Knockdown of PTPN2 sup-
pressed proliferative ability in laryngo-
carcinoma. A, Clonality in M4E cells

no stimulation

H20: stimulation

transfected with negative control or
sh-PTPN2 regardless of H,O, stimulation
(magnification: 10%). B, Ki-67 positive
cell ratio in M4E cells transfected with
negative control or sh-PTPN2 regardless
of H,0, stimulation.
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and invasive. In the meantime, sensitivity of im-
aging examination is not satisfactory. Over 50%
of laryngocarcinoma patients experience local
infiltration or lymphatic metastasis at the initial
diagnosis”. Therefore, researches on laryngocar-
cinoma are of clinical significance.

PTPN2 is an important member of the protein
tyrosine phosphatase family. PTPN2 encodes two
mRNAs, namely TC48 and TC45. TC48 is a 48-kDa
molecule located in endoplasmic reticulum and Golgi
complex and TC45 is a 45-kDa molecule located in
the nucleus. External stimuli trigger nuclear translo-
cation of TC45, which further leads to dephosphor-
ylation of cytoplasmic proteins. As a result, blocked
downstream pathways contribute to regulation on
inflammatory response and immune reaction'®. In
PTPN2” animal model, serum levels of inflamma-
tory mediators are elevated”’, accompanied by ex-
tensive and severe inflammatory response. Spalinger
et al'! have shown that PTPN2 is responsible for in-
flammasome activation, and thus controls intestinal
inflammation and tumorigenesis of colon cancer. In
glioma, PTPN2 aggravates the occurrence of tumor'.
Consistently, PTPN2 was upregulated in laryngocar-
cinoma, and we confirmed that PTPN2 was unfavor-
able for the prognosis of laryngocarcinoma patients.

Inflammation is the basic innate immune re-
sponse that damages tissue homeostasis. Chronic
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inflammatory process affects every stage of tu-
morigenesis, progression, metastasis, and treat-
ment'®. Cytokines are important molecules trig-
gering and maintaining immune responses during
anti-tumor processes'®. In recent years, they have
been identified in the regulation of laryngocarci-
noma?*?!'. Oxidative stress occurs when the redox
balance is broken in the body. Excessive produc-
tion of free radicals results in decreased antiox-
idant ability. Subsequently, reactive oxygen and
nitrogen are largely produced, which further form
hydroxyl radicals and cause tissue or cell toxici-
ty*. Kang et al*® demonstrated the critical role of
the oxidative stress in promoting the progression
of laryngocarcinoma. In our investigation, [FN-y
or TNF-a treatment upregulated the protein lev-
el of PTPN2, suggesting that PTPN2 is activat-
ed following the inflammatory response. Mean-
while, H O, stimulation upregulated the protein
level of PTPN2, dose-dependently increased
clonality, and Ki-67 positive cell ratio in M4E
cells. Knockdown of PTPN2 suppressed clonality
and Ki-67 positive cell ratio in M4E cells either
with H,O, stimulation or not. Therefore, PTPN2
was verified to be activated by the inflammatory
response or oxidative stress. Upregulated PTPN2
further influenced proliferative ability in laryngo-
carcinoma.



PTPNZ2 aggravates the progression of laryngocarcinoma

Conclusions

Above all, inflammatory response or oxidative
stress could induce upregulation of PTPN2, thus
promoting the proliferative ability of laryngocar-
cinoma.
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