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Abstract. - OBJECTIVE: We explored the
lgG1 heavy chain constant region (IGHG1) roles
in tongue squamous cell carcinoma (TSCC) pro-
gression, as well as to probe the underlying
mechanisms.

PATIENTS AND METHODS: The expression pat-

invasion',

terns of IGHG1 in TSCC tissues and cell lines were
tested by Western blotting, quantitative real-time
PCR (RT-PCR) and immunohistochemistry (IHC)
technologies. The relationship between IGHG1 ex-
pression level and the overall survival and clini-
copathologic features of patients with TSCC were
evaluated to assess the clinical value of IGHQ
effects of IGHG1 on cell function were deté
by Cell-Counting Kit-8 (CCK-8), clone for
flow cytometry and in vivo tumor formation a

ed at both mRNA and protein Jg
pression levels closely relateg

of IGHG1 with lentiviru
increased Janus kina
the phosphorylatlon

ntroduction

Tongue squamous cell carcinoma (TSCC) is the
mmon type of oral squamous cell carcinoma
nd is characterized by high proliferation and
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TSCC is of importance to find
rgets for TSCC.

(IgG), a crucial factor of the
stem, constitutes about 80%

as cancer cells, can also express Ig
gene’. Both of the heavy chain and the light chain
of IgG have been identified to exist in esophageal,
colon, prostate, ovarian, breast and liver cancers® !
Although the functions of IgG in carcinogenesis
have not yet been fully elucidated, IgG has been
verified to promote cancer cell proliferation and
invasion®'?. In addition, Chen et al'® demonstrated
that IgG expression closely associates with tumor
stage in soft tissue tumors. However, the knowl-
edge of IgG roles in TSCC is limited.

The Janus kinase (JAK)/signal transducer and
activator of transcription (STAT) (JSK/STAT)
signaling pathway not only regulates cell prolifer-
ation, survival, cycle and differentiation, but also
modulates immune responses through acting on
multiple cytokines, such as growth factors and hor-
mones*%. Once ligand binds to its cognate recep-
tor, conformational changes will induce receptor
oligomerization and the activation of JAKs, which
then provides the docking sites for STATs. Subse-
quently, STATs phosphorylate, dimerize, and trans-
locate to cell nucleus and promote the transcription
of target genes'®. The deregulation of JSK/STAT
signaling pathway frequently occurred in OSCC
and strongly implicated in OSCC progression'"'*,
suggesting a potential of JAK/STAT signaling as a
therapeutic target for TSCC treatment.
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In this study, we aimed to investigate the IgG1
heavy chain constant region (IGHGI) roles in
TSCC progression, as well as to probe the role of
JAK/STAT signaling in IGHGI-invloved TSCC
progression.

Patients and Methods

Patients

With the approval of Ethical Committee of
Jining No. 1 People’s Hospital and the Helsinki
Declaration, 105 paired TSCC tissues and the
adjacent normal tissues were obtained from pa-
tients with TSCC between January 2012 and Jan-
uary 2018. The clinicopathologic characteristics,
including gender, age, T classification, clinical
stage, node metastasis and differentiation and the
overall survival after surgery were all obtained
from the electronic medical records. All patients
underwent surgery prior to chemoradiotherapy
and signed the informed consent.

Immunohistochemistry (IHC] Assay

IHC assay was used to assess IGHGI1 paatein
expression in paired TSCC tissues and nor¢@s
sues based on the following pressures. Fi
tissues were paraffin-embedded and cut into
sections. Second, the sections were dewaxed,
drated and 1ncubated with 3% H.O. followed
antigen repairing with Tris-
tion with 5% goat serum. Thy
probed with anti-IGHGI g
No. sc-515946, Santa C
ta Cruz, CA, USA)
sections were incu
secondary antibo

marked as follows: 0 rep-
represents weak staining,

Fined by multiplying the percentage score and
: ns1ty score. A stalmng score of IGHGI1 >6 was

Cell Culture

Human normal gingival epithelig
(ATCC®PCS-200-014™; ysed as a cg
for TSCC cells), together with TSG

0! cell 1inS
ell lines, in-

containing 1/2 Dermal
PCS-200-030™) and
(ATCC"™ PCS-200-
and SCC4 cells

, USA) and 1% penicillin/
er Scientific, Waltham,

ctors used to upregulate or
1 in human TSCC cells were
r sh-IGHGI and purchased
(Shanghai, China), as well as
ontrol vectors (NC). The shRNAs
sad t0 silence JAK1 and the sh-NC vector (No.
ere obtained from OriGene (Beijing,

were added into cell culture medium for 24 hours,
followed by replacement with fresh medium and
incubation at 37°C for another 24 hours. To con-
struct the stable transfection cell lines, the infect-
ed cells were incubated with 5 mg/ml puromycin
and/or 100 mg/ml G418 for 14 days.

Quantitative Real-Time PCR (RT-PCR)
Analysis

Total RNA was extracted from tissues and
cells using the RNApure Tissue & Cell Kit
(DNase 1) referring to the manufacturer’s de-
scription (CWBIO, Beijing, China). Then, RNA
quantification was carried out on an ND-1000
NanoDrop Spectrophotometer (NanoDrop Tech-
nologies, Inc., Wilmington, DE, USA). After that,
the RNA samples were submitted to cDNA re-
verse transcription and RT-PCR using SuperRT
One Step RT-PCR Kit (CWBIO, Beijing, China)
on Bio-Rad detection system (Bio-Rad, Hercules,
CA, USA). GAPDH level is used to normalize the
mRNA level of IGHGI. Primers targeting IGHG1
and GAPDH were obtained from Invitrogen
(Carlsbad, CA, USA) and were listed as follows:

IGHGI-Forward: 5-GCAGCCGGAGAA-
CAACTACA-3’, IGHGI1-Reverse: 5-TGGTTGT-
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GCAGAGCCTCATG-3’; GAPDH-Forward: 5’-
CACTAGGCGCTCACTGTTCTCTC-3’,

GAPDH-Reverse: 5’- GACCAAATCCGTT-
GACTCCGA-3".

Western Blotting Assay

Total protein samples extracted from tissues
and cells were obtained using radio immuno-
precipitation assay (RIPA) lysis buffer contain-
ing protease inhibitor. After quantification with
a bicinchoninic acid assay (BCA) Protein Assay
(Bio-Rad, Hercules, CA, USA), 20-30 mg pro-
teins from each sample were loaded and sepa-
rated by 10% polyacrylamide gels through elec-
trophoresis. Then, the proteins were transferred
to polyvinylidene difluoride membranes (PVDF;
Millipore, Billerica, MA, USA). Subsequently,
the membranes were incubated with 5% non-fat
milk and probed overnight at 4°C with the pri-
mary antibodies, including IGHGI (1:1000 dilu-
tion; No. sc-515946, Santa Cruz Biotechnology,
Santa Cruz, CA, USA), JAK1 (1:2000 dilution;
No. #3332, Cell Signaling Technology, Danvers,
MA, USA), JAK2 (1:2000 dilution; No. #3230,
Cell Signaling Technology, Danvers, MA,
JAK3 (1:2000 dilution; No. #3775, Cell Si
Technology, Danvers, MA, USA), Tyk2
dilution; No.#9312, Cell Signaling Technd
Danvers, MA, USA), p-STATS (1:1000 dilu
No. 9351, Cell Signaling Technolog

Cell Signaling Technology,
and GAPDH (1:5000 dil
technology, Santa Cruz
incubation with the
bodies (Santa Cru
expression in the

4°C overnight. Subsequently, the cells were i
cubated with Alexa Fluor 488-labeled
antibodies (Invitrogen, Carlsbad, (4
1 h at room temperature and wag
phate-buffered saline (PBS). Di

SA) fo
d with phos-
dine phenylin-

first inoculated j
3x10° ¢

cell culture medium
wit of CCK-8 rea

measured with a plate reader
, Hercules, CA, USA) every

etry Assay

it (KeyGEN Biotech, Jiangsu, China) and mea-
sured on flow cytometry (BD Biosciences, San
Jose, CA, USA) according to previous study?®.

Clone Formation Assay

TSCC cells were stably transfected with
sh-IGHGI, sh-NC, OE-IGHGI1, OE-NC, sh-JAK1
or OE-IGHGI1 + sh-JAKI. Then, the cells were
collected and seeded on a 6-cm dish at a densi-
ty of 200-300 cells/well. After 14 days incuba-
tion at 37°C, cells were stained with 0.1% crystal
violet (Solarbio, Beijing, China) for 20 minutes
and washed with PBS twice. Clone number was
counted under a microscope.

Animal Experiment

The animal experiment was carried out ac-
cording to the National Institute of Health’s
Guidelines for the Care and Use of Laboratory
Animals and was given permission by the Ani-
mal Care and Research Committee of Jining No
.1 People’s Hospital. Four-week male BALB/c
athymic nude mice (Beijing Vital River Labora-
tory Animal Technology, Beijing, China) were
fed in specific pathogen free conditions. To con-
struct the tumor-bearing mouse models, 5x10°
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SCC4 cells with stable transfection of sh-JAKI,
OE-IGHGI1, OE-IGHGI + sh-JAK1 or their con-
trols were injected subcutaneously into the nude
mice. After 4 weeks of cell transplantation, the
mice were euthanized and tumors were weighted.

Statistical Analysis

Data were obtained from as least three indepen-
dent experiments and expressed as mean + standard
deviation (SD). SPSS 22.0 software (SPSS Inc.,
IBM, Armonk, NY, USA) was used to perform data
analysis. The relationship between IGHGI expres-
sion levels and the clinicopathologic feature was
assessed by the chi square test (y’-test). Data con-
formed to Gaussian distribution was analyzed by
the #-test and one-way analysis of variance (ANO-
VA) followed by Dunnett’s post-hoc test. p<0.05 was
considered to be statistically significant.

Results

IGHG1 Expression Was Elevated
in TSCC Tissues and Cells

First, we assessed the expression pattcgs
IGHGI in TSCC tissues and cells. Acco
the oncomine database, which included 12
of normal tongue samples and 26 cases of

was significantly increased in TSCC as compared
with that of the normal tongues (Flg
further confirm the high expressig
IGHG1 in TSCC tissues, we

Western blotting and [THC ass

battern O
N performed
As shown in

pression was significantly
sues in comparison with

and SCC4 was nota
mal tongue cell i
coveries sugg

en evaluated the clinical val-
CC. Fifty-five patients with
sion (IHC score >6) and 50

Percent survival

@

Score of IGHG1
3

TSCC tissues

Adjacent normal

—— High expression
— Low expression

tissues

p<0.05

20 40 60
Time (months)

eased expression of IGHGI was detected in TSCC tissues and cells. A, Oncomine database showed that
%11 expression in TSCC samples (n=26) was significantly higher than that of the normal tongue samples (n=12). The ex-
ission of IGHGI protein in TSCC tissues and the adjacent normal tissues were determined by using (B) western blotting and
C technologies (scale bar = 80 m; x100). D, Western blotting analysis of the protein level of IGHGI in normal gingival
aal cell line (Normal) and TSCC cell lines (SCC4, SCC15, SCC9 and SCC25). E, The relationship between IGHGI
h levels and the overall survival rates in patients with TSCC was determined by survival curve analysis. (¥*p<0.05).
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Table I. Evaluation of the relationship between IGHG1 expression levels and the clinicopathologic features of patients with TSCC.

Characteristics High expression Low expression p-value
Gender 0.332
Male 23 26
Female 32 24
Age (years)
<60 31 34
>60 24 16
T classification
T1-T2 29 39
T3-T4 26 11
Clinical stage
I-1T 22 33
I-1v 33 17
Node metastasis
No 25 37
Yes 30 13
Differentiation
Well 20
Moderate 25
Poor 10

in the gender, age and differentiation (Table I).
Moreover, the overall survival rate in IGHGI high
expression group was significantly lower th
of the low expression group (Figure 1E
results demonstrated IGHGI played a sig
role in predicting the prognosis and clinica
cess of TSCC.

IGHG1 Promoted Cell Pro,

assays to assess IGHGI
sion. The mRNA an

gnificantly enhanced cell
, and sh-IGHG] induced an

eover, OE-IGHGI inhibited cell
tos1s and sh-IGHGI induced cell apoptosis,
detected by the flow cytometry assay (Fig-
. These results demonstrated that IGHGI
an oncogene in TSCC.

the Activation
Signaling in TSCC Cells
the mechanisms underlying IG-
ediated TSCC development, we investi-
her JAK/STAT signaling pathways
ere involved. Among all members of JAK fami-
y, only the expression of JAK1 was markedly up-
regulated when SCCI15 and SCC4 cells were in-
fected with OE-IGHGI (Figure 3A and 3C). Then,
we assessed the expression and phosphorylation
levels of STATS protein, the downstream of JAK1
pathway. The results showed that the phosphory-
lation level of STATS was apparently increased
when IGHGI was overexpressed in SCCI15
and SCC4 cells (Figure 3B and 3D). Moreover,
IGHGI! upregulation significantly facilitated the
nuclear accumulation of STATS protein (Figure
4). These results demonstrated that IGHGI pro-
moted the activation of JAK1/STATS signaling in
TSCC cells.

Inhibition of JAK1/STAT5 Signaling
Abolished IGHG1 Roles in Promoting
TSCC Progression

To further clarify JAKI/STATS roles in IG-
HGl1-mediated TSCC progression, we then recruited
sh-JAK1 to knock down JAK1 expression in SCC15
and SCC4 cell lines. The expressions of JAKI at
both mRNA and protein levels were all significantly
reduced when cells were infected with the sh-2 tar-
geting JAK1 (Figure 5A-5B). Besides, the enhance-
ments in cell proliferation (Figure 5C-5D) and clone
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Figure 2. Evaluation of IGHGI effects on cell growth, rmation and apoptosis in TSCC cells. SCC4 and SCCI15 cells
were infected with OE-IGHGI, sh-1G i tors, then, the infected efficiencies were determined by (A) RT-
PCR and (B) Western blotting assay: essed by CCK-8 assay. E, The clone formation ability of SCC4
and SCC15 cells were determined i . cll apoptosis was tested by flow cytometry assay. (*p<0.05).

formation (FigureSE)
sis (Figure 5F) indu

IgG is importance of carcinogenesis. Blockade of
IgG with either antisense RNA or IgG antibody
could significantly suppress cancer cell growth

SCC15 and SC and induce cell apoptosis in several kinds of
pression in SC ' cancers, including colorectal cancer®, prostate
vivo tumor ' i deletion of JAK1 cancer", and urothelial carcinoma?®. Although
inhibited IGHGTI role in Khurram et al” has reported that the serum con-

). These results tent of IgG4 was increased in OSCC, the role of
IgG in TSCC still needs to be further clarified.
1/STATS signaling. In the present study, we demonstrated, for first
time, that the expression of IGHGI was signifi-
cantly increased in TSCC tissues and cells, and
its high expression predicted a poor prognosis
and advanced clinical status in patients with
is a glycoprotein generated by mature B TSCC, indicating that IGHG1 might play an im-
x cells to recognize and neutral- portant role in the occurrence and development
arious pathogens/antigens®. IgG expresses of TSCC. Consistently, IGHGI has been detected
any kinds of human cancers, such as breast, by the antigen of COC166-9 antibody in ovari-
gte, lung, colon, thyroid, esophagus, pla- an cancer and its high expression correlates with
ophoblast and sarcomas®'>****. Notably, poor prognosis*.
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Figure 3. Upregu- |A B
lation of IGHGI pro- scets
moted the activation of p— 25 - e e
JAK1/STATS in TSCC e 0 okeHG! - = oiGHGt
cells. SCC4 and SCCIs | v - - g .- £
cells were transiently G . |, ses - -
infected with OE-NC v S s caron M W
or OE-IGHGI, then, the GAPDH ('- - 00 o@x{’ &
western blotting anal- & \c,e"\ & ¢ ¢ & &
ysis was performed to &
detect the protein ex- C D
pression levels of JAKI, scca
JAK2, JAK3, Tyk2, - D .
p-STAT5 and STATS o 8 o e
in (A-B) SCCI15 cells o - 2§’
and (C-D) SCC4 cells. 2%
% <0.05 . TyK2  — — %
( 4 ) GAPDH —— .

o@’p Q;\c}bo )&N y*m 37*:’ «4&

[9)

The mechanisms contributing to tumor cell
survival are complex, involving many signaling
pathways regulating cell proliferation, apopto-
sis and differentiation”. On the basis of this, we
performed the gain-/loss-of-function assays to

IGHGI significantly promoted cell prohfe
clone formation and in vivo tumor formatio

functions an oncogene in TS
consistent with previous stug

cell viability and an increase
rostate cancer. Li et al* re-

tumor formation ability and
al rate of tumor-bearing mice

Although it has been found that cancer cells
Bs IgG>'%**?4, the molecular mecha-
sms by which IgG facilitates tumor progression
remain undiscovered. So far, several hypotheses
have been put forward. Wang et al* revealed that
the production of reactive oxygen species (ROS)
induced by IgG promoted tumor cell growth and
proliferation. They also identified that ROS scav-
engers induced a significant repression in cancer

immun®luorescence was carried out to assess the subcellular location of IGHGI protein (x600). (*p <0 05).
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cell growth in IgG-deficient cancer cells via inhib-
iting the mitogen-activated protein kinase/extra-
cellular-regulated kinase (MAPK/ERK) pathway.
Wang et al”> demonstrated that IgG promoted cell
growth through lipopolysaccharide (LPS)/Toll-
like receptor 4 (TLR4)-mediated inflammatory
responses in cervical cancer. In the current study,
we demonstrated a new mechanism by which
IGHGI accelerated the progression of TSCC. We
observed that the expression of JAK1 and phos-
phorylation level of STAT5 were notably increased
when SCC4 and SCCI15 cells were transfected with
OE-IGHGI, suggesting that IGHGI can promote
the activation of JAK1/STATS5 signaling. In addi-
tion, we found that inhibition of JAK1/STATS5 sig-
naling via sh-JAKI neutralized IGHGI effects on
cell viability and tumorigenesis promotions and
cell apoptosis inhibition, indicating that IGHG1
promotes TSCC progression via activating the
JAK1/STATS signaling.

Furthermore, some evidence has suggested
that the oncogenic roles of IgG due to its role in the
immune system. Qiu et al*? found that IgG pro-
tected cancer cells from host immune responses
through interacting with complement protgas
form the immune complexes in papillary
cancer. Moreover, high levels of serum Ig
whittle natural kill cell-mediated antibod
pendent cell cytotoxicity in antibody-based t
apy’**, suggesting that IgG may
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