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Abstract
To discover the effect of tumor necrosis factor-alpha-induced protein 8-like 2 (TIPE2) on the oral tongue squamous cell
carcinoma (OTSCC) via affecting FoxP3+ regulatory T (Treg) cells. Immunohistochemistry was conducted to examine TIPE2
and FoxP3 expressions in OTSCC tumor tissues and corresponding oral mucosa. Tca8113 cells were transfected with TIPE2/
control lentiviral activation particles followed by the detection with qRT-PCR, Western blotting, MTT assay, Wound healing,
Transwell assay and Annexin V-FITC/PI staining. In vivo experiment was carried out on the nude mice xenografts of OTSCC
with TIPE2 overexpression to observe the tumor volume and survival, and the CD4+ T cell subgroups were detected by flow
cytometry. TIPE2 was lower in the OTSCC tissues than the corresponding oral mucosa, which was correlated with T stage, N
stage, TNM stage, and differentiation of patients. Patients with TIPE2-positive expression had worse prognosis and lower
expression of FoxP3+ Treg cells than the negative ones. Furthermore, TIPE2 overexpression curbed proliferation, invasion
and migration of Tca8113 cells, while cell apoptosis was increased. Besides, TIPE2 suppressed the tumor growth and extended
the survival of OTSCCmice, with the decreased proportion of FoxP3+ Treg cells in the spleen and tumor-infiltrated lymphocytes
(TILs). The clinical results showed the down-regulation of TIPE2 in OTSCC tissues. Meanwhile TIPE2 overexpression affected
OTSCC cells biological behavior in vitro, as well as exhibited strong tumor-growth suppressive effects in vivo, which may be a
potential therapeutic target in OTSCC via regulating FoxP3+ Treg cells.
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Introduction

In the whole world, there were more than 275, 000 patients
dying of the oral carcinoma and 2/3 these cases are from the
developing countries, including Southeast Asia (Zhou et al.
2019). Oral tongue squamous cell carcinoma (OTSCC) took
up 1.5% in cancer patients and 25–40% in cases of oral squa-
mous cell carcinoma (OSCC) (Serpa et al. 2018; Naruse et al.
2015). At present, surgery remains the primary method for the
treatment of oral carcinoma, usually supplemented with the
chemotherapy or radiotherapy, which, however, is not so sat-
isfactory in efficacy due to the local recurrence and distant

metastasis of tumor, with a 5-year survival rate of about
60% (Zhang et al. 2019). In the meantime, surgical treatment
also tremendously affects the life quality of patients via inter-
fering on the lingual, chewing and swallowing functions
(Nicoletti et al. 2004). Thus, we should put great efforts to
illustrate OTSCC pathogenesis and discover the effective ther-
apeutic and prognostic indicators for OTSCC.

The tumor necrosis factor-alpha-induced protein 8
(TNFAIP8 or TIPE) family is a group of genes closely asso-
ciating with the inflammation and tumors, and four members,
including TIPE (TNFAIP8), TIPE1 (TNFAIP8L1), TIPE2
(TNFAIP8L2) and TIPE3 (TNFAIP8L3), have been identi-
fied so far (Padmavathi et al. 2018). The increasing evidences
suggested TIPE2 as an oncogene or tumor suppressor in the
pathogeneses of diseases. For instance, TIPE2 overexpression
inhibits the malignancies of the human rectal adenocarcinoma
cells, while its deficiency manifested the opposite changes
(Wu et al. 2019). Moreover, Bordoloi D et al. supported that
TIPE2 deficiency can curb the malignancies of lung cancer via
regulating the Akt/mTOR/NF-κB signal pathway, with the
arrest of cell cycle in S phase (Bordoloi et al. 2019).
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However, there remains little evidence illustrating the role of
TIPE2 in OTSCC. Of note, the massive infiltration of immu-
nosuppressive cells in tumor is usually correlated with the
poor prognosis (Tsubaki et al. 2018), while the removal of
these cells can induce and enhance the anti-tumor immune
responses (Rabinovich et al. 2007). Treg cells, as a group of
T cell subgroup widely spread in the peripheral blood, tissues
and organs in humans with the immunosuppressive function,
play key roles in maintaining the autoimmune system and
immune responses, while FoxP3 is a specific marker of Treg
cells (Wu et al. 2012; Wei et al. 2015), which may also play
roles in OTSCC (Hanakawa et al. 2014). More importantly,
TIPE2, a key element in the dynamic balance of immune
responses (Li et al. 2016), is also a critical immune-
regulatory molecule involved in the immunosuppressive func-
tion of CD4+CD25+Tregs (Luan et al. 2011). Besides, Ding J
and his group revealed TIPE2 depletion could increase the
Treg cells with suppressed Foxp3, thus abolishing the effects
of Crocetin on the severity of asthma (Ding et al. 2015).
Furthermore, Treg cells were demonstrated to be negatively
regulated by TIPE2 in the study of Fan T et al. (Fan et al.
2018). Nevertheless, there remains no adequate evidence sug-
gesting the involvement of TIPE2 in OTSCC by regulating
Treg cells. Thus, we tried our best to find the answer to im-
prove the treatment for of OTSCC.

Material and methods

Ethical statement

Prior patients’ consent was obtained from all subjects, and the
source and use of tissue specimens were approved by the
Ethical Committee of our hospital for research purposes.
Besides, all animal experiments conformed to the principals
for the management and use of laboratory animals, ethical
requirement for animals, and the Guide for the Care and
Use of Laboratory Animals (Mason and Matthews 2012).

Subjects

Between October 2012 and October 2014, a total of 53
OTSCC patients including 35 males and 18 females were
prospectively enrolled with a median age of 50 years aging
from 30 to 78 years, for which immunohistochemistry
stainings were performed. Inclusion criteria: Patients with
the diagnosis of OTSCC confirmed by clinical and patholog-
ical examinations; patients with the intact case report, patho-
logical test results and follow-up data; patients claiming no
history of anti-tumor therapy before surgery. From these pa-
tients, the adjacent normal oral mucosa was also collected.
The histopathological grade and tumor-node-metastasis
(TNM) stage was classified according to the WHO

classification (Kosmehl 2006) and TNM classification of ma-
lignant tumor (7th edition) (Montes 2010), respectively.
Following surgery, all patients were required to participate
in the follow-up lasting for 60 months. During follow-up,
the survival time was counted from the day of admission to
the day of death, while intercept value was counted for pa-
tients dying of other diseases, or accident, or still alive at the
end of follow-up.

Immunohistochemistry staining

The prospective series of 53 OTSCC tissues and the adjacent
normal oral mucosa were used for TIPE2 and FoxP3 immu-
nohistochemistry staining. Specimens were fixed in 4% form-
aldehyde, dehydrated in the ethanol at gradient concentrations
and then embedded in the paraffin for being sliced into the
sections in thickness of 5 μm. The sections, following the
regular de-paraffinizing, antigen retrieval and blocking in the
blocking buffer, were treated by the anti-TIPE2 antibody
(1/100, ab110389, Abcam, USA) and anti-FoxP3 antibody
(5 μg/ml, ab20034, Abcam, USA) at 4 °C overnight.
Following washes in PBST (PBS with 0.1% Tween-20), tis-
sues were then incubated with the HRP-conjugated IgG poly-
clonal (ab6721, Abcam, USA) at 37 °C for 2 h, and the results
were further detected by incubating with the avidin-biotin per-
oxidase complex (ABC) at 37 °C for 1 h and diaminobenzi-
dine (DAB) for the development. Then, the sections were
mounted and placed under the microscope for observation of
the 4 randomly selected visions. A semi-quantitative method
was used to evaluate TIPE2 expression. The staining intensity:
0 point for negative, 1 point for week, 2 points for moderate,
and 3 points for strong. The percentage of positive cells: 0
point for 0, 1 point for 1–25%, 2 points for 26–50%, 3 points
for 51–75%, and 4 points for 76–100%. A combined staining
score for each slide was combined to get a final TIPE2 expres-
sion: > 3 points (Zhang et al. 2019; Nicoletti et al. 2004;
Padmavathi et al. 2018; Wu et al. 2019) were deemed as the
positive expression of TIPE2, and ≤ 3 points (0–3) as the neg-
ative expression of TIPE2 (Jia et al. 2018; Zhang et al. 2016).
The FoxP3+ Treg cells stained along the tumor invasive front
in each field were counted, and the total count of FoxP3+ Treg
cells was determined, which was used to calculate the mean
number of Treg cells per case (Gonzaga et al. 2019).

Cell culture and grouping

The human OTSCC cells (Tca8113) purchased from
American Type Culture Collection (ATCC, Manassas, VA,
USA) were cultured in regular RPMI-1640 medium at 37 °C
with 5% CO2. After reaching 80% confluence, cells were
digested in 0.25% trypsin for passaging for following exper-
iments and divided into three groups: Blank group (without
transfection), Control group (cells transfected with Control
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lentiviral activation particles, sc-437282, Santa Cruz
Biotechnology, Santa Cruz, CA, USA) and TIPE2 group
(cells transfected with TIPE2 lentiviral activation particles,
sc-407091-LAC, Santa Cruz Biotechnology, Santa Cruz,
CA, USA). The transfection was performed by using
Ultracruz® reagent (sc-395739, Santa Cruz Biotechnology,
Santa Cruz, CA, USA).

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay

Cells in logarithmic phase were inoculated in a 96-well plate
at density of 5.0 × 103 /well, with 100 μL in each well, follow-
ed by 24 h culture. After confluence, cells were transfected for
12, 24, 48 and 96 h respectively, and then incubated with
MTT solution (Sigma-Aldrich Co., St Louis, MO, USA) at
ratio of 1:10 at 37 °C for 3 to 4 h. MTT solution was then
replaced by dimethylsulfoxide (DMSO) for detecting the op-
tical density (OD) values at the wavelength of 490 nm of each
well by using the microplate reader (BioTek, Vermont, USA).
This experiment was repeated for three times.

Wound healing assay

Forty eight hours after transfection, a tip was used to draw 5
lines, where the cells were rinsed with PBS for three times to
remove the floating cells. Thereafter, the serum-free DMEM
medium was added into the cells for culture at 37 °C in 5%
CO2. Following culture, cells in the fixed visions were
photographed, and the percentage of the scratched zone clo-
sure at 48 h compared with time 0 was measured using
ImagePro Plus software (version 6.2, Media Cybernetics,
Silver Spring, USA). This experiment was conducted in
triplicate.

Transwell assay

Matrigel was diluted in 1:7 by using the serum-free medium,
and the chambers that were coated with the matrigel were
placed at 37 °C for 4 h. Cells, following digestion in trypsin,
were prepared into the single cell suspension, and after two
washes in PBS, cells were resuspended in the serum-free me-
dium, where the cell density was adjusted to 1 × 105/mL.
Suspension in volume of 100 μL was slowly dropped in the
matrigel-coated upper chambers, while in the lower chambers,
500 μL medium supplemented with 10% fetal bovine serum
was added. Following 10 to 12 h of culture at 37 °C, chambers
were taken out and the cells failing to pass through the mem-
brane were scrubbed by using a cotton swab. The harvested
cells were fixed in 95% ethanol, and stained in 0.1% crystal
violet for 10 min. Following two or three washes in PBS, cells
were dried in air, and the chambers were inverted on the slides
that were placed under the fluorescent microscope to select 5

randomly visions (× 200) to calculate and photograph these
cells. This experiment was conducted in triplicate.

Annexin V-FITC/PI staining

The cell apoptosis was detected by Alexa Fluor 488™
Annexin V and propidium iodide (PI) assay kit (Abbkine,
Wuhan, China). In brief, after 48 h transfection, cells were
digested and centrifuged, and the sediment was washed in
icy PBS twice. Cells in each well were resuspended in
400 μL binding buffer, and filtrated into the flow cytometry
tubes. Thereafter, cells were incubated in 5 μLAnnexin V and
10 μL PI for flow cytometry. Annexin V+ PI+: cells in late
apoptosis; Annexin V+ PI−: cells in early apoptosis. Cells ap-
optosis rate (%) = cells rate in early apoptosis (Annexin V+

PI−) + cells rate in late apoptosis (Annexin V+ PI+) (Yu et al.
2012).

qRT-PCR

Cells, after being transfected for 48 h, were subjected to the
extraction of total RNA by using the TRIzol reagent
(Invitrogen, Carlsbad, CA, USA) and the measurement of
concentration and purity of total RNA by using the ultraviolet
spectrometry. As per the instruction of M-MLV reverse tran-
scription kit (Invitrogen, Carlsbad, CA, USA), cDNA was
prepared with the extracted RNA, while the amplified primers
were designed in Primer Premier 5.0 software, and synthe-
sized by Shanghai Sangon Biotech Co., Ltd. (Shanghai,
China). TIPE2: 5’-ACTGAGTAAGATGGCGGGTCG-3′
(forward) and 5-TTCTGGCGAAAGCGGGTAG-3 ′
(reverse); GAPDH: 5’-AACGGATTTGGTCGTATTGGG-
3′ (forward) and 5’-CCTGGA AGATGGTGATGGGAT-3
(reverse). PCR procedures were carried out on a Roche 480
PCR apparatus, where the mRNA expression of TIPE2 was
measured using the FastStart Universal SYBR Green Master
(ROX) (Roche Diagnostics, Mannheim, Germany), with
GAPDH as the internal reference. The final mRNA expression
of TIPE2 was quantified by the method of 2-△△Ct.

Western blotting

After being transfected for 48 h, cells in each group were
washed in cold PBS twice, lysed on ice for 30 min and cen-
trifuged to obtain the supernatant, where the protein concen-
tration was measured by the bicinchoninic acid (BCA) kit
(Sigma, St. Louis, MO, USA). Protein samples were then
boiled in the 5 × protein loading buffer, cooled to the room
temperature and preserved at −20 °C. Following the regular
procedures of electrophoresis, membrane-transferring,
blocking and washing, proteins on the membrane were then
incubated with anti-TIPE2 antibody (1/500, ab110389,
Abcam, USA) and anti-β-actin antibody-loading control



(1/1000, ab8226, Abcam, USA) at 4 °C overnight, and then
the IgG H&L (HRP) (ab205718, 1 μg/ml, Abcam, USA) at
room temperature for 2 h. Then, the enhanced chemilumines-
cence reagent was added on the membrane to develop the
protein bands, which were further detected by the
ImageQuantTMLAS-4000 apparatus. Intensity of bands of
TIPE2 and β-actin was quantified in Image J software, and
the relative expression of TIPE2 was expressed by the ratio of
intensity of TIPE2 band to that of β-actin.

Construction of OTSCC mouse model

A total of 20 SPF, BALB/C, male mice (5-week-old, pur-
chased from Shanghai SLAC Laboratory Animal Co., Ltd.,
Shanghai, China) were randomized into two groups, with 10
mice in each group. Initially, mice were anesthetized by intra-
peritoneal injection of 4% chloral hydrate for subcutaneous
inoculation of Tc8113 cells (1 × 107/mouse) that were
transfected by the TIPE2 lentiviral activation particles or
Control lentiviral activation particles. Tumor measurement
was carried out once every 5 days by using the vernier caliper.
Tumor volume was calculated according to the formula L ×

W2 × 0.5 (L = length; W =width; all parameters in millime-
ters). Measurement was ended by the day of death of mouse.

T cell subgroup analysis with flow cytometry

Spleen tissues of mouse were collected to prepare the spleen
cell suspension, where the Red Blood Cell Lysis Buffer
(Sigma, USA) was added. Cells were then rinsed in PBS for
three times, and then resuspended in FACS staining buffer
(PBS containing 0.5%BSA). Tumor tissues were then collect-
ed for the preparation of single cell suspension, and mixed
with the aforementioned suspension in ratio of 1:1. The mix-
ture was dropped on the surface of Ficoll solution for centri-
fugation to collect cells, followed by being washed in PBS and
resuspended in the RPMI-1640 medium supplemented with
10% FBS. Cells were stained by the different labeling anti-
bodies, e.g. anti-CD4 antibody (clone RM4–5, BD
Biosciences, San Jose, CA, USA), anti-CD8 antibody
(clone53–6.7, BD Biosciences, San Jose, CA, USA) and
anti-CD25 antibody (clone PC61, BD Biosciences, San Jose,
CA, USA). For analysis of cytokines, cells in the presence of
Golgi stop were cultured with byphorbol-12-myristate 13-

Fig. 1 The expression of TIPE2 in the OTSCC tissue and its correlation
with the prognosis of patients (n = 53), Notes, a: TIPE2 showed a
membranous defined staining pattern in OTSCC cells; b: Different
intensities of TIPE2 staining in OTSCC cells (black arrow: week; red
arrow: moderate); c: The red arrow indicated an area with moderate
stromal staining and the black arrow indicated stromal staining at the

invasive front; d: At the invasive front, OTSCC cells showed strong
epithelial membranous staining (black arrow) and the stromal cells with
moderate staining (red arrow); SCC: surrounding the OTSCC tissue; e:
Comparison of the TIPE2 expressions in OTSCC tissues and oral
mucosa; f: Correlation of TIPE2 expression in tumor tissue with the
prognosis of OTSCC patients
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acetate (PMA) and ionomycin to inhibit the secretion of the
cytokines, followed by the washing with staining buffer, fix-
ing and permeabilizing with BD cytofix and cytoperm™ Plus
(BD Biosciences) along with 0.2% Tween 20 for 20 min.
Next, cells were stained with anti-IL4 (clone 11B11, BD
Biosciences, San Jose, CA, USA), anti-IFN-γ (clone 11B11,
BD Biosciences, San Jose, CA, USA), anti-IL-17A (clone
TC11-18H10, BD Biosciences, San Jose, CA, USA) and
anti-Foxp3 (clone MF23, BD Biosciences, San Jose, CA,
USA). Brilliant stain buffer and ultra-comp beads were used
for the dilution of the stains and compensation respectively.
All the stained cells were analyzed by flow cytometer and the
data was evaluated by FlowJo software (FlowJo, Ashland,
OR, USA).

Statistical methods

Data analysis was performed by using the SPSS 20.0 software
(Chicago, IL, USA). Count data, expressed in form of percent-
age or rate, were compared by χ2 test. Survival analysis was
conducted by using the Kaplan-Meier method and the Log-
rank test. Measurement data were presented in form of mean
± standard deviation, compared by using the t test between
either two groups, or the one-way analysis of variance

(ANOVA) followed by Tukey’ s post hoc test among groups.
P< 0.05 suggested the difference was statistically significant.

Results

The expression of TIPE2 and FoxP3+ Treg cells in the
OTSCC tissue and its correlation with the pathological feature
of patients.

The result of immunohistochemistry revealed that
TIPE2 expression was observed in tumor and stromal
cells (Fig. 1a-d). A sharp decrease in the positive ex-
pression of TIPE2 was found in the in OTSCC tissues
as compared with the oral mucosa (both P = 0.002, Fig.
1e). As compared to OTSCC patients with positive
TIPE2 expression, those with the negative TIPE2 ex-
pression had a lower survival rate (33.3% vs. 65.4%,
χ2 = 7.101, P = 0.008, Fig. 1f). Besides, in all 53
OTSCC patients, FoxP3+ Treg cells were detected along
the tumor invasive front with the mean numbers ranged
from 2 to 64.6. And the OTSCC patients with positive
TIPE2 expression exhibited much lower expression of
FoxP3+ Treg cells than those with negative expression
of TIPE2 (P < 0.05, Fig. 2). Meanwhile, the expression

Fig. 2 Association of FoxP3+ Treg in the OTSCC tissue with the
pathological features and with the expression of TIPE2, Notes, The
histopathological grade was classified according to the WHO

classification. The tumor-node-metastasis (TNM) stagingwas determined
based on the TNM classification of malignant tumor (7th edition)
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Table 1 Correlation of TIPE2
expression with the pathological
features of OTSCC patients

Characteristics Patients (n = 53) Positive (n = 22) Negative (n = 31) P value

Gender

Male 35 13 22

Female 18 9 9 0.368

Age (Years)

< 60 38 18 20

≥60 15 4 11 0.168

Smoking

Yes 28 9 19

No 25 13 12 0.143

Primary site of involvement

Anterior 5 2 3

Lateral 30 15 15

Base 18 5 13 0.318

Differentiation degree

Well 31 17 14

Moderately/poorly 22 5 17 0.019

T stage

T1 16 11 5

T2 25 9 16

T3 6 2 4

T4 6 0 6 0.022

N stage

N0 29 15 14

N1 8 5 3

N2 16 2 14 0.016

Stage

I 11 8 3

II 14 8 6

III 9 6 3

IV 19 0 19 < 0.001

Treatment

Surgery + radiotherapy 36 13 23

Surgery alone 17 9 8 0.246

Note: The histopathological gradewas classified according to theWHOclassification. The tumor-node-metastasis
(TNM) staging was determined based on the TNM classification of malignant tumor (7th edition)
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of TIPE2 and FoxP3+ Treg cells was in an obvious
correlation with the T stage, N stage, TNM stage, and
differentiation degree of OTSCC patients (all P < 0.05),
instead of the gender, age, smoking, primary site of
involvement or treatment (all P > 0.05, Table 1 and
Fig. 2).

TIPE2 inhibits the migration and invasion of OTSCC
cells in-vitro with the promoted apoptosis

The transfection of TIPE2 lentiviral activation particles
in the Tca8113 cells resulted in an elevation in the
expression of TIPE2 as detected by qRT-PCR and

Western blotting (all P < 0.05, Fig. 3a-b). The result
of MTT assay showed that the TIPE2 lentiviral activa-
tion particle-transfected Tce8113 cells had lower cell
viability than those with control lentiviral activation par-
ticles (all P < 0.05, Fig. 3c). Moreover, TIPE2 overex-
pression reduced the malignancies of OTSCC cells with
decreased cell abilities of invasion and migration using
Transwell invasion and Wound healing assays (all P
< 0.05, Fig. 3d-e). Furthermore, Annexin V-FITC/PI
staining demonstrated a sharp increase in the apoptosis
of Tca8113 cells in the TIPE2 group, as compared to
the Control group and the Blank group (all P < 0.05,
Fig. 3f).



TIPE2 decreases the in-vivo tumorigenicity of Tca8113
cells

The subcutaneous inoculation of TIPE2/control lentiviral activa-
tion particles-transfected Tca8113 cells was performed to estab-
lish the tumormodels for theBALB/cmice. As the result showed
in Fig. 4, the tumor volume of TIPE2-overexpressed mouse was
smaller, and TIPE2 overexpression could prolong the survival of
tumor-beared mice (all P< 0.05 s,). As shown in the results of

FCM analysis, TIPE2 could not affect the levels of Th1, Th2,
Th17 cells (all P> 0.05, Fig. 5a-b), but decrease the levels of
FoxP3+ Treg cells in the spleen and TILs (P< 0.05, Fig. 5c-e).

Discussion

According to the published literature, TIPE2, as an immune
negative regulator newly identified recently, was found to be
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Fig. 3 TIPE2 inhibits the migration and invasion of OTSCC cells with
the promoted apoptosis, Notes, a-b: The TIPE2 expression in Tca8113
cells detected by qRT-PCR (a) and Western blotting (b); c: The Tca8113
cells proliferation detected by MTT assay; d: The Tca8113 cells

migration detected by Wound healing; e: The Tca8113 cells invasion
detected by Transwell invasion assay; f: The Tca8113 cells apoptosis
detected by Annexin V-FITC/PI staining; * P< 0.05 vs. the Blank group;
# P< 0.05 vs. the Control group



Fig. 4 TIPE2 decreases the in-
vivo tumorigenicity of Tca8113
cells (n = 10), Notes, a:
Macroscopic pictures of mice tu-
mors; b: Mice received the sub-
cutaneous injection of TIPE2-
overexpressed or Control
Tca8113 cells, and from 5 to
30 days, tumor volume was mea-
sured; c: Survival rate of mouse
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reduced in various solid tumors and relevant cell lines, includ-
ing gastric cancer (Liu et al. 2018), esophageal cancer (Zhu
et al. 2018), breast cancer (Wang et al. 2017) or liver cancer
(Wang et al. 2016; Gus-Brautbar et al. 2012). Consistent with
other tumors, the expression of TIPE2 in our study was sig-
nificantly reduced in the OTSCC tissues, as compared to those
in the surrounding normal oral mucosa tissue, showing that
TIPE2 may affect the development of OTSCC. At the same
time, the down-regulated TIPE2 was also demonstrated in the
peripheral blood monocytes (PBMC) in a variety of chronic
inflammatory diseases (Fan et al. 2015; Jia et al. 2013; Ma
et al. 2013), and its down-regulation during the course of
inflammation was possibly owing to its altered epigenetic sta-
tus, which in turn increased the related inflammation
(Bordoloi et al. 2018). Importantly, chronic inflammation is
one of the causative factors in cancer development, including
OTSCC (Kheirollahi n.d.). And there was evidence supported
that TIPE2 expression could be suppressed by inflammatory
signals, especially in higher stage and poorer differentiation of
tumor, thus contributing to inflammation-induced patholo-
gies, suggesting the possible role of TIPE2 as a tumor sup-
pressor in OTSCC (Gus-Brautbar et al. 2012). The expression
of TIPE2 protein was noted by Hao C et al., which could be a
predictor of better prognosis for diffuse large B cell lymphoma
(Hao et al. 2016), and the down-regulation of TIPE2 in non-
small cell lung cancer was actually demonstrated to be corre-
lated with the TNM stage and poor prognosis in the advanced
stage (Li et al. 2015). Notably, TIPE2 expression presented an
association with T stage, N stage, TNM stage, and the differ-
entiation degree of OTSCC patients in our study, and the
patients with the high expression of TIPE2 had good progno-
sis, further exhibiting the tumor-suppressive role of TIPE2
against OTSCC progression.

Findings of the in-vitro experiments also indicated the po-
tential role of TIPE2 in reducing the malignancies of human

rectum adenocarcinoma cells (Wu et al. 2019), and the resto-
ration of TIPE2 expression in gastric cell suppressed its cell
proliferation via selectively up-regulation of N-ras and p27
(Zhao et al. 2015). As reported, TIPE2 was thought to inhibit
the oncogenic Ras, and its absence enhanced the cell migra-
tion (Gus-Brautbar et al. 2012). According to the work from
CaoX et al., TIPE2 can target the Rac1 to inhibit the migration
and invasion of liver cancer with the down-regulation of
MMP-9 and uPA (Cao et al. 2013). Depletion of TIPE2 could
elevate the levels of MMP13 and the cell invasiveness of
SaOS-2 osteosarcoma cells (Deng et al. 2015). Liu QQ et al.
also reported that TIPE2 can alter the expressions of
apoptosis-associated molecules, including Caspase-3,
Caspase-9, Bcl-2 and Bax, thereby enhancing the apoptosis
of lung cancer cells (Liu et al. 2015). Due to the DED domain,
TIPE2 can be negatively regulated by Caspase-8, thereby be-
ing involved in the apoptosis (Oho et al. 2016). Similarly, in
our work, the human Tca8113 cell line was transfected with
the TIPE2 lentiviral activation particles, resulting in the de-
creases in the proliferation, invasion and migration of cells,
and enhanced apoptosis, which was also supported by the in-
vivo experiment that, TIPE2 overexpression could slow down
the tumor growth rate and extend the survival of tumor-
bearing mice, suggesting the possible involvement of TIPE2
as a potential therapeutic target in OTSCC.

Tumor development also shows that this is greatly associ-
ated with the human immune system, mainly the T lympho-
cytes (Robbins 2017) that are divided into CD4+T cells and
CD8+T cells, according to the different surface markers (Borst
et al. 2018). For CD4+T cells, they were further categorized
into Th1, Th2, Th17 and Tregs based on the differential func-
tion and secreted cytokines (Gu-Trantien et al. 2013). Tregs
can suppress the innate anti-tumor immune responses, while
facilitate tumor progression (Rajendran et al. 2019). Foxp3, as
a new member of Forkhead/winged helix, is widely accepted



as the Treg-specific marker that can regulate the development,
differentiation and maturation of Treg cells (Sadahiro et al.
2019). TIPE2, as the cytoplasmic protein, can regulate the
signal transduction mediated by the T cell receptor and Toll-
like receptor to maintain the immune homeostasis system
(Luan et al. 2011). In our TIPE2-positive patients, the expres-
sion of FoxP3+ in Tregs was much lower than those TIPE2-
negative patients, indicating that TIPE2 may negatively regu-
late the FoxP3+ Treg in OTSCC patients. To further demon-
strate the effect of TIPE2 on Tregs, we detected the levels of
CD4+ T cells in the spleen cell and TILs of OTSCC mouse,
and TIPE2 overexpression could decrease the Tregs in spleen
and TIL, but with no obvious alteration of Th1, Th2 and Th17
cell. Nevertheless, in TIPE2 deficient mouse, accumulation of

more Treg cells was identified in the thymus, as exhibited by
Fan T et al. (Fan et al. 2018), indirectly indicating that TIPE2
overexpression can suppress the Treg cells to curb its immu-
nosuppressive function, thereby exerting the therapeutic ef-
fects on tumors.

Overall, TIPE2 was down-regulated in OTSCC and was
associated with major clinical characteristics and prognosis
of patients. Furthermore, TIPE2-positive OTSCC patients
had the lower FoxP3+ Treg than that of TIPE2-negative pa-
tients. TIPE2 could reduce the malignant features of OTSCC
cells, and enhance the cell apoptosis in vitro, which also could
suppress the tumor growth in OTSCC mice with the decrease
in the ratio of Treg cell in the spleen and TIL. However, there
existed several limitations in our experiments: Firstly, further

Fig. 5 Effect of TIPE2 on the Treg cell in the tumor microenvironment of
OTSCC mice (n = 10), Note: a-b: Quantitation of CD4, Th1, Th2, Th17
cells population from spleen (a) and tumor infiltrating lymphocyte (TIL)

(b) respectively; c: Representative dot plot distribution of FoxP3+ Treg
cell population; d-e: Quantitation of FoxP3+ Treg cell population in
spleens (d) and TIL (e)
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studies in larger population with more detailed complete clin-
icopathological features are needed to confirm the findings.
Secondly, the association of Tregs with OTSCC cell prolifer-
ation, invasion, migration and apoptosis would be further ex-
plored in the future due to time and funding constraints.
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