Int J Clin Exp Pathol 2016;9(9):8997-9007
www.ijcep.com /ISSN:1936-2625/1JCEP0027052

Original Article
Expression of TLR1 in tongue squamous
cell carcinoma and adjacent tissue

Xiao-Jia Long®", Li He?", Su-Ling Li%, Ling Tong?, Lu Wang?, Fa-Xiang Wang?, Xiao-Hong Wu'*

1Department of Prosthodontics, The Affiliated Hospital of Stomatology, Chongqing Medical University, No. 426
Songshibei Road, Yubei District, Chongqing 401147, China; 2Department of Maxillofacial Surgery, The Affiliated
Hospital of Stomatology, Chongqing Medical University, No. 426 Songshibei Road, Yubei District, Chongqing
401147, China; 3Department of Neurology, Xingiao Hospital, Third Military Medical University, Chongqing 400037,
China; “Chongqing Key Laboratory for Oral Diseases and Biomedical Sciences, Chongqing 401147, China. *Equal
contributors.

Received March 1, 2016; Accepted May 23, 2016; Epub September 1, 2016; Published September 15, 2016

Abstract: Toll-like receptors (TLRs) play a pivotal role in tumor progression. However, some of the underlying patho-
logical mechanisms have beenremain to be elucidated. Thus, in this study, we observe the distribution and expres-
sion of TLR1 (Toll like receptor, TLR1) in cancerous and adjacent tongue squamous cell carcinoma tissue, and
explore the role of TLR1 in the pathogenesis of tongue squamous cell carcinoma. RT-PCR analysis showed that TLR1
had decreased expression in tongue squamous cell carcinoma specimens than that in matched adjacent normal
tissues (P < 0.01). Western blot analysis further supported the similar results in protein expression of TLR1 in the
cancerous and adjacent tissues (P < 0.01). The expression levels of TLR1 closely related of the clinical parameters
of deeper tumor invasion, survival. Inmunohistochemistry results showed TLR1 was mainly expressed in tongue
normal squamous cell and vascular endothelial cell of duct, and weak expression in squamous cell carcinoma tis-
sues. The immunofluorescence staining further revealed that TLR1 was co-location with the endothelial cell of blood
vessels marker CD31, not co-location with the smooth muscle aorta cells marker a-SAM. The high expression of
TLR1 in tongue carcinoma were significantly decreased closely associated with clinical progression, indicating that
TLR1 plays a role in the developed process of tongue squamous cell carcinoma; it may be as an important prognos-
tic indicator in clinical judgment.
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Introduction ing mechanisms responsible for its aggressive-
ness and new predictive markers of the disease
are needed. In the last several decades, alth-
ough multimodality therapy has improved the
prognosis of patients, the survival rate of 0SCC

patients has remained unsatisfactory.

Oral squamous cell carcinoma (OSCC) is the
most common of the oral and maxillofacial can-
cers, and 410,000 new OSCC patients are diag-
nosed every year, accounting for 1-5% of all
cancers [1, 2]. OSCC is typically found in males

between 40-50 years of age and is associated
with various complications and nerve damage
following surgical resection or radiation therapy
[3, 4]. The 5-year survival rate for tongue can-
cer is approximately 50%, with no significant
improvements in the survival rate and is asso-
ciated with significant morbidity [5, 6]. There-
fore, there is an urgent need to search for novel
markers for OSCC and identify potential appli-
cations of gene therapy in OSCC treatment. To
more accurately treat the disease, the underly-

During the last decade, significant evidence has
suggested that inflammation plays an impor-
tant role in tumorigenesis, and microenviron-
ment-derived signals are important constitu-
ents in all tumors [8]. The mediators and effec-
tors of inflammation are essential components
of the local environment of tumors, and the
inflammatory conditions may be present before
the malignant change occurs in some types of
cancer [9]. Conversely, oncogenic changes have
been shown to induce an inflammatory micro-
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environment and further promote the develop-
ment of tumors in some types of cancer [9]. A
s a result, the tumor microenvironment and
tumor-associated inflammation mimic the res-
ponse of innate immune cells and adaptive
immune cells [8]. Toll-like receptors (TLRs) are
classical signals that play a key role in the
innate immune system. TLRs belong to a cla-
ss of pattern-recognition receptors that play
an important role in the host defense aga-
inst pathogens by recognizing a wide variety
of pathogen-associated molecular patterns
(PAMPs) [10]. TLRs drive the inflammatory
response and control cell proliferation and sur-
vival by stimulating immune cells and promot-
ing integrated processes of inflammatory
responses and tissue repair.

A recent study revealed that TLR families, such
as TLR2, TLR3, TLR4, TLR5, TLR7 and TLR 9,
are expressed in various head and neck squa-
mous cell carcinomas in vivo and in vitro [2,
11]. Further study indicated TLR2, TLR4 and
TLR 9 are associated with the invasive poten-
tial of early-stage head and neck squamous
cell carcinoma. Furthermore, TLR-9 expression
correlates with advanced tumor size, and TLR-5
expression is correlated to worse survival [2].
Another study demonstrated that systemic
injection of a TLR1/2 agonist increased adop-
tive antigen-specific T cell therapy in glioma-
bearing mice [12] and also induced tumor
regression by reciprocal modulation of effector
and regulatory T cells [13]. Previous studies
have demonstrated that TLR1 and TLR2 coop-
erate in the recognition of the lipopeptides [14,
15]. These results also suggest that TLR1 may
also play an important role in tumors. Therefore,
this study evaluated the expression and distri-
bution of TLR1 in tongue squamous cell carci-
noma and correlated the expression of these
proteins with various clinico-pathological vari-
ables.

Materials and methods
Patient samples

All samples were collected from 60 patients
undergoing glossectomy for tongue squamous
cell carcinoma (during the period January 2013
to January 2015) in the Department of Surgery
at Stomatological Hospital of Chongging Me-
dical University, China. In this study, all patients
provided written informed consent prior to par-
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ticipation. Histopathological slides were re-
viewed by a senior pathologist to confirm the
diagnosis and analysis. Among the analyzed
individuals, the mean age was 57 years, and
the patients comprised 40 men (67%) and 20
women (23%). Moreover, the collection of clini-
cal data included the degree of differentiation
and clinical stages. According to the TNM stag-
ing system [16] and clinical staging of tongue
squamous cell carcinoma, all cases were divid-
ed into 10 stage I-ll cases and 50 stage llI-IV
cases. This study was approved by the Rese-
arch Ethics Committee of Chongging Medical
University.

Sample processing

For genetic and protein analysis, tissues sam-
ples were preserved in liquid nitrogen after the
samples were removed. For immunohistochem-
ical staining and immunofluorescent staining,
the tissue samples were fixed in a solution of
4% paraformaldehyde in 0.1 M PBS (pH 7.4) for
24 h, and the samples were embedded with
paraffin and cut into 4-5-um sections.

Hematoxylin and eosin (HE) staining

The OSCC tissues were obtained from the sur-
gery and fixed prior to dehydration in ethanol
and paraffin-embedded. Following the embed-
ding of the tissues in paraffin wax, the samples
were cut into 5-uym sections, which were depar-
affinized in water, stained with hematoxylin-
eosin (HE) and sealed with neutral gum. The
pathological changes of the OSCC were evalu-
ated by two pathologists who had no prior infor-
mation with respect to the treatment.

Isolation of RNA and RT-PCR

Total RNA was isolated from the tongue squa-
mous cell carcinoma specimens and the
matched adjacent tissues using Tiangen RNA
kit (Tiangen Reagents Ltd, Beijing, China),
according to the manufacturer’s instructions.
The RNAwas further checked with the Nanodrop
ND-100 analytical instrument (Thermo Fisher
Scientific Inc., USA), and the 0D260/0D280
ratio of the total RNA extracted from tissue
samples ranged from 1.8 to 2.0. cDNA was syn-
thesized from extracted RNA using PrimeScript™
RT reagent Kit with gDNA Eraser (Takara
Reagents, Dalian, China) according to the man-
ufacturer’s instructions. The polymerase chain
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reaction used the 2 x PCR Reagent (Tiangen
Reagents Ltd, Beijing, China). The following
primers were used: GAPDH (Forward: AATCC-
CATCACCATCTTCC; Reverse: CATCACGCCACA-
GTTTCC) and TLR1 (Forward: CAGCTTTAGCA-
GCCTTTC; Reverse: AGTCACAGCCAACACCAG).
The PCR cycling parameters were as follows:
pre-denaturation at 94°C for 2 min, followed by
40 cycles at 94°C for 30 sec, 60°C for 30 sec,
and 72°C for 40 sec, and extension at 72°C for
5 min, performed using the ABI Model 7300
PCR machine. PCR products (6 uL) of 328 bp
(TLR1) and 382 bp (GAPDH) were analyzed
electrophoretically using 2.5% agarose gel
electrophoresis and viewed under ultraviolet
(UV) light. The mRNA expression of TLR1 was
normalized by the expression of GAPDH.

Western blot

The tongue squamous cell carcinoma speci-
mens and the matched adjacent tissues were
harvested and lysed in lysis buffer containing
20 mM Tris (pH 7.5), 150 mM NaCl, 1% Triton
X-100, sodium pyrophosphate, B-glyceropho-
sphate, EDTA, Na_VO,, leupeptin and protease
inhibitors (Roche Molecular Biochemicals).
Aliquots of tissues lysates were resolved by
10% SDS-PAGE and transferred to PVDF mem-
branes (Millipore, USA). The membranes were
blocked in 5% (w/v) bovine serum albumin
(BSA) in TBST buffer for 2 h at room tempera-
ture. Primary antibody (1:2000; TLR1, Abcam,
USA) and B-actin (1:1000; Santa Cruz, USA)
were diluted in TBST buffer and incubated with
membranes overnight at 4°C. HRP-conjugated
anti-rabbit antibodies for TLR1 and HRP-
conjugated anti-mouse antibodies for B-actin
diluted in TBST buffer were used to detect the
primary antibody. Membranes were incubated
with the secondary antibody for 2 h at room
temperature. A luminol-based enhanced che-
miluminescence (Fisher Scientific UK, Loug-
hborough, UK) method was used to visualize
the immunoreactive protein bands. The protein
expression of TLR1 was normalized by the
expression of GAPDH.

Immunohistochemistry and immunofluores-
cence staining

The section were dewaxed with xylene and
hydrated with graded alcohol. Antigen retrieval
was performed by incubation in a 95°C 0.01 M
citrate buffer (pH = 6.0) for 10 minutes followed
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by 30 minutes of cooling at room temperature.
Sections were placed in 3% hydrogen peroxide
(H,0,) for 5 min for the inhibition of endogenous
peroxide activity. After three washes with PBS
buffer, the sections were incubated with 5%
goat serum in 0.1% Triton X-100 in phosphate-
buffer saline (PBS). Subsequently, the sections
were incubated with the polyclonal antibody
specific to TLR1 (1:100; Abcam, USA) at 4°C
overnight. The overnight incubation was fol-
lowed by three washes with PBS buffer, and the
sections were incubated with biotinylated sec-
ondary antibody for 30 min and peroxidase-
labeled streptavidin (Beijing Zhongshan Golden
Bridge Biotechnology Co., Ltd., Beijing, China)
for 25 minutes. The tissues were then stained
with 3,3-diaminobenzidine solution for 2 min-
utes and sealed. Slides were again counter-
stained with Mayer’s hematoxylin. The sections
were dehydrated and mounted. The primary
antibody was omitted as a negative control and
was replaced with PBS.

For immunofluorescence staining, after antigen
retrieval, the sections were incubated with 5%
donkey serum in the 0.1% Triton X-100 in phos-
phate buffer saline (PBS). Sections were incu-
bated with the polyclonal antibody specific to
TLR1 (1:100; Abcam, USA), o-SAM (1:100;
Abcam, USA), or CD31 (1:100; Abcam, USA) at
4°C overnight. After washing three times with
PBS, sections were incubated with donkey anti-
rabbit secondary antibodies conjugated with
DyLight™ 647 (Thermo Scientific) and donkey
anti-mouse secondary antibodies conjugated
with DyLight™ 488 (Thermo Scientific). Nuclei
were stained with DAPI.

The staining intensity was graded using the fol-
lowing standard based upon the previous pu-
blication [17]: O for weakly stained cells, 1 for
moderate yellow cells, 2 for cells stained
orange, and 3 for cells stained brown. The per-
centage of stained cells was O for < 25% stain-
ing, 1 for 25-50%, 2 for 50%, 3 for 51-75%, and
4 for more than 75% staining. The staining
scores of 0-3 points were considered low ex-
pression, and scores of 2-4 points were consid-
ered high expression [17].

Statistical analysis

Statistical analysis was performed using SPSS
Statistics 18.0 software. The data are present-
ed as the mean + SD. Student’s t-test was used
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Figure 1. HE staining of tongue squamous cell carcinoma tissue and adja-
cent normal tissue. (A-D) Representative images of tongue squamous cell
carcinoma tissue. (E, F) Representative images of normal duct tissue adja-
cent to tongue squamous cell carcinoma. (A, C, E) x 400; (B, D, F) magnifica-
tion for the focus of (A, C, E) x 1200; bars = 20 um (A, C, E) bars = 80 ym

(B, D, F).

for statistical comparisons for mRNA and pro-
tein expression levels of TLR1 compared
between the two groups. The correlation analy-
sis between the positive expression of TLR1
and clinicopathological parameters was per-
formed using a x? test or Fisher’'s exact test.
P < 0.05 was considered to be statistically
significant.

Results

Morphological features of carcinoma tissue
and adjacent normal epithelia tissue

Representative histological images of tongue
squamous cell carcinoma tissue revealed more
than 70 + 14% tumor cells and included many
more keratin pearls and greater amounts of
keratin in intercellular bridges. High-power
fields revealed nuclear fission, multinucleated
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giant cells, and polymorphic
nuclei (Figure 1A-D). The rep-
resentative images were mic-
rodissected from relatively
large areas of tongue squa-
mous cell carcinoma tissue
and adjacent normal epithe-
lia/mucosa tissue. The adja-
cent normal epithelial tissue
did not show significant con-
tamination of stromal cells,
infiltrating inflammatory cells,
vascular components, muscu-
lar components or necrotic
cells [18] (Figure 1A-D).

TLR1 mRNA and protein ex-
pression were significantly
decreased in human tongue
squamous cell carcinoma
tissue

We first investigated the
mRNA expression of TLR1 in
60 human tongue squamous
cell carcinoma tissue sam-
ples and adjacent tissue sam-
ples using RT-PCR. The ampli-
fied products of the target
mRNA for TLR1 (approximate-
ly 328 bp) and GAPDH mRNA
(approximately 382 bp) were
observed electrophoretically
using 2.5% agarose gel ele-
ctrophoresis. Products from
the amplification of the target mRNA were con-
sistent with the TLR1 gene sequence. As indi-
cated in Figure 1, we observed the 328-bp
band of TLR1 and the 382-bp band of GAPDH.
The results revealed that the expression of
TLR1 was significantly lower in tongue squa-
mous cell carcinoma tissues compared with
that in non-cancerous tissues (P < 0.05; Figure
1).

Next, we investigated the expression of the
TLR1 protein by western blot. From the blot gel,
we observed the target protein band for TLR1
(approximately 89 kDa) and GAPDH (approxi-
mately 37 kDa), and we were able to detect the
protein band for TLR1 in both tongue squamous
cell carcinoma tissue and adjacent tissue
(Figure 2). The protein gel blot assay revealed
that the expression of TLR1 was significantly
lower in tongue squamous cell carcinoma tis-
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Figure 2. mRNA expression of TLR1 in tongue squamous cell carcinoma tis-
sue and adjacent tissue. The top panel presents the graph and indicates the
mean value of TLR1 in the tongue squamous cell carcinoma tissue and adja-
cent tissue. The lower panel presents the representative band of TLR1 mRNA
expression in the tongue squamous cell carcinoma tissue and adjacent tis-
sue. The TLR1/GAPDH mRNA ratio indicates that TLR1 was significantly de-
creased in the tongue squamous cell carcinoma tissue compared with the
adjacent tissue. n = 8 per group, P < 0.01 vs. the tongue squamous cell
carcinoma group. M, DNA marker.
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Figure 3. Protein expression of TLR1 in tongue squamous cell carcinoma tis-
sue and adjacent tissue. Top panel presents the western blot analysis of
TLR1 in the tongue squamous cell carcinoma tissue and adjacent tissue.
The lower panel presents the representative band of TLR1 protein expression
in the tongue squamous cell carcinoma tissue and adjacent tissue. Quanti-
fication of western blots for TLR1 demonstrates that TLR1 was significantly
decreased in tongue squamous cell carcinoma tissue compared with the
adjacent tissue. n = 8 per group, P < 0.01 vs. the tongue squamous cell
carcinoma group.

All cancer specimens exhibit-
ed weak staining for TLR1,
whereas normal squamous
epithelium exhibited negative
to positive staining in the
cytoplasm. The clinicopatho-
logic features and expression
findings are presented in
Table 1. No significant rela-
tionship was found between
TLR1 expression and age, and
the expression of TLR1 did
not differ significantly betw-
een 40 cases of male patients
and the 20 cases female
patients. The expression of
TLR1 did not differ between
patients older than 40 years
and those younger than 40
years. Statistical analysis re-
vealed that TLR1 expression
was positively correlated wi-
th pathological differentiation
and clinical stages in tongue
squamous cell carcinoma tis-
sue. A summary of expression
of the proteins in various his-
tological categories of tongue
squamous cell carcinoma is
presented in Table 1.

TLR1 was localized in the
ducts of adjacent normal tis-
sue

Having characterized the ge-
ne and protein expression of
TLR1 in tongue squamous cell
carcinoma tissue and adja-
cent tissue and having deter-
mined that TLR1 was signifi-
cantly decreased in tongue
squamous cell carcinoma tis-
sue compared with adjacent
tissue, we next observed the
distribution of TLR1 in paraf-
fin sections. The representa-

sues compared with that in non-cancerous tis-
sues (P < 0.05; Figure 3).

Correlations between TLR1 expression and
clinicopathologic parameters

All patients (n = 60) were divided into two
groups according to the different parameters.

9001

tive immunohistochemical features of the pro-
teins are presented in Figure 4. In cases of
both high and low differentiation, most carci-
noma samples exhibited weak expression of
TLR1. In contrast, most of the normal epithelial
samples exhibited positive expression of TLR1
(97%). In the normal epithelium samples, TLR1
was found to be primarily localized to the cyto-
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Table 1. Summary of the statistical sig-
nificance of the various variables for tumor
tissues

Pathological TLR1 5
features : expression X P
Sex 0.833 0.361
Male 40 35(87.5)
Female 20 18(95.0)
Age 0.329 0.566
>40 54 49 (90.7)
<40 6 5(83.3)
Differentiation 0.012 0.911
High 49 44 (89.8)
Low 11 10(90.9)
Tumor size (T)
T1-T2 8 6(75.0) 2.308 0.129
13-T4 52 48(92.3)
TNM staging 21.33 0.000
-l 10 5(50.0)
I-1v 50 49 (98.0)

plasm or nucleus (Figure 4A-D), but TLR1 was
largely localized to the cell membrane in tongue
squamous cell carcinoma tissue (Figure 4E,
4F). In the normal epithelium samples, all of
the TLR1 expression was distributed in the
ducts or blood vessels in adjacent normal epi-
thelia/mucosa tissue (Figure 4A-D).

From the expression characteristics of TLR1 in
adjacent tissue, we determined that TLR1 was
distributed in the ducts or blood vessels. Th-
erefore, we further confirmed the characteris-
tics of TLR1 location in adjacent tissue through
the use of immunofluorescence. TLR1 was not
co-expressed with a-SMA (alpha-smooth mus-
cle actin), a representative marker of smoo-
th muscle actin cells (Figure 5A-D). However,
TLR1 was strongly co-expressed with the CD31,
a representative marker of vascular endothelial
cells (Figure 5E, 5F). The results indicate that
the blood vessel endothelium of the surround-
ing tissue can strongly secrete TLR1 (Figure 5).

Discussion

Emerging evidence now implicates TLRs in
inflammation-associated cancers. Therefore,
understanding the roles of TLRs in tumor biolo-
gy may pave the way for the discovery of novel
therapeutic targets in cancer therapy. In this
study, significantly decreased mRNA and pro-
tein levels of TLR1 were observed in tongue
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squamous cell carcinoma tissue relative to
adjacent tissue, and the decreased expression
was closely associated with the clinical pro-
gression of tongue squamous cell carcinoma.
The morphological data further demonstrated
that TLR1 was primarily expressed in the vascu-
lar endothelial cells within the adjacent normal
tissue.

The mammalian Toll-like receptor (TLR) family
consists of 13 members, and each recognizes
particular microbial compositions, called pa-
thogen-associated molecular patterns (PAMPs).
The recognition of TLR-dependent PAMPs in-
duces innate immune system activation, which
later leads to the activation of the antigen-spe-
cific adaptive immunity system, resulting in
increased expression of the inflammatory cas-
cade via the MyD88-dependent pathway and
TRIF-dependent pathway [19]. Originally, re-
search into TLRs focused on their association
with microbial pathogens, but recent work sug-
gests that TLRs also recognize damage/danger-
associated molecular patterns (DAMPs), which
are released from damaged and dying cells,
including heat shock proteins (HSP), nucleic
acids, and high-motility group box-1 protein
(HMGB1) [20, 21]. Tumor cells can activate
TLRs through DAMPs. There is strong evidence
that activated TLRs cells can promote the
supervision and removal of newly developed
tumors [22, 23]. Recent work indicates that
functional TLRs play an important role in tumor
biology. The TLR-activated tumor cells promote
proliferation of tumor cells and also antagonize
cell apoptosis, simultaneously improving the
invasive ability of tumor cells through the acqui-
sition of metalloproteases and integrin [10].
TLR signaling can further activate tumor cells to
induce the synthetic and immunosuppressive
actions of inflammation, leading to immune
escape by enhancing the resistance of tumor
cells to anti-cytotoxic leukocyte attack [24].

Preliminary evidence suggests that chronic
inflammation may play an important role in
tumorigenesis and tumor progression [25]. In
humans, TLR activation is an integral compo-
nent of the inflammatory response to patho-
physiological stimuli. Chronic activation of TLRs
is associated with the aggressiveness of vari-
ous cancers and with poor prognosis [26].
Substantial evidence indicates that TLR4 acti-
vation has been detected on tumor cells, and

Int J Clin Exp Pathol 2016;9(9):8997-9007



TLR1 expression in tongue squamous cell carcinoma

-
a
SRE 7
."’lr_
A
“ ']
'y Y
i} Q{I
e
b .‘J
b Yan
#
AT |
L] :
al
» ft“‘
B A
r
‘ raN; Né~
70 B (4
7 i» ._”-- (\ > t o -~
: D - L.
" ﬂ\_:: :1 « | - - :'.:“ .ﬂ'\!.
: s A # e S
! VL@ WS
Y .¢~'-""‘(_,‘? ) DEEC Ly
X % oy L aed Qid o5 &
‘ x g \ )(\’ 3 } s - ¥ 2 o
\ i g N B R DT X
\ Ni B ) & - S K
\ \ > Wi
\ N Vi e 4 .\:J‘- PO =
¢ v \’ Q:“ ‘ \J{‘) ) ﬁ{ &
— . . ’ —
. N o S (VYRR

Figure 4. Immunohistochemical staining of TLR1 protein in tongue squa-
mous cell carcinoma tissue and adjacent tissue. (A, B) Representative imag-
es of TLR1 immunostaining in adjacent normal epithelial tissue and tongue
squamous cell carcinoma tissues (A, B). Representative images of TLR1 in
adjacent normal duct tissue and tongue squamous cell carcinoma (B, C).
Representative images of TLR1 in tongue squamous cell carcinoma tissue
(E, F). High-magnification (A, C, E) and low-magnification (B, D, F) views of
cells stained with TLR1 in the adjacent normal epithelial tissue adjacent to
tongue squamous cell carcinoma. Arrows indicate TLR1 expression in posi-
tive cells. (A, C, E) x 400; (B, D, F) x 1200; bars = 20 um (A, C, E), bars = 80

carcinoma. TLR2 is known to
be expressed in oral squa-
mous cell carcinoma tissue
and plays an important role
in Treg expansion and sup-
pressive capacity [30, 31].
Other research determined
that TLR3 is expressed in
head and neck cancer cell
lines and oral squamous cell
carcinoma tissue, and the
over-expression of TLR3 is
closely related to the activity
of NF-kB. Conversely, inhibit-
ing the expression of TLR3
decreases the expression of
the NF-kB-regulated oncoge-
ne c-myc and cell prolifera-
tion, and stimulating the ex-
pression of TLR3 significantly
increases the invasiveness
capacity and aggressiveness
of tumor cells [32, 33]. Ano-
ther study found that TLR4 is
expressed in oral squamous
cell carcinoma cell lines, and
the expression level is related
to tumor differentiation [34].
TLR4 is highly expressed in
well-differentiated carcinom-
as, and the expression level
of TLR4 is closely associated
with the degree of oral epithe-
lial dysplasia and the distri-
bution of cancer cells [35].
Another research study indi-
cated significantly elevated

pum (B, D, F).

this activation can induce chronic inflammation
and further increase the tumor growth [27].
Another study demonstrated that TLR9 activa-
tion promotes tumor cell proliferation of pros-
tate cancer [28]. In contrast, the stimulation of
TLR9 on lung cancer cells can sensitize tumor
cells to apoptosis and promote tumor growth
arrest [29]. These data indicate context-depen-
dent roles for different TLRs in tumor progres-
sion. Through our observations at the gene and
protein level, we determined that the expres-
sion of TLR1 in tongue squamous cell carcino-
ma is significantly lower than in the surrounding
tissue, indicating that the reduced expression
of TLR1 may play a role in the development of
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expression of TLR5 in tongue

cancer relative to surrounding
tissue, and the prognosis of tumors expressing
high levels of TLR5 is typically poor [36].
Similarly, the expression of TLR9 in tongue can-
cer is much more elevated than in the sur-
rounding tissue, and the increased expression
of TLR9 correlates with the proliferation of oral
squamous cell carcinoma cells and tumor inva-
siveness [37, 38]. Furthermore, the correlation
with clinical parameters indicates that the
change in TLR1 immunocompetence in tumor
tissue is related to clinical progress and prog-
nosis, such as the TNM staging of tumor cells.
Furthermore, the mode of invasion and the
malignancy grading system is known to play a
key role in tumorigenesis [39]. In this study, we

Int J Clin Exp Pathol 2016;9(9):8997-9007
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Figure 5. Immunofluorescence staining of TLR1 with a-SMA and CD31 in tongue squamous cell carcinoma tissue.
(A-D) Immunofluorescence staining for DAPI (A; Blue), a-SAM (B; Green), TLR1 (C; Red; arrow) and the merged im-
age (D; arrow) demonstrating that TLR1 was not co-expressed with a-SMA--positive cells. (E-H) Immunofluorescence
staining for DAPI (E; Blue), CD31 (F; Green; arrow), TLR1 (G; Red; arrow) and the merged image (H, Yellow; arrow)
demonstrating that TLR1 was co-localized with CD31-positive cells. Scale bars = 25 uym.

also determined that stage Ill or IV OSCC was
correlated significantly with late cervical metas-
tasis. Our study demonstrated that the expres-
sion of TLR1 was low in tumor tissue and high in
surrounding tissue, indicating that TLR1 may
play an important role in maintaining the stabil-
ity of the human tongue squamous cell carci-
noma internal environment and promoting tu-
mor immune supervision, also indicating that
TLR1 may serve as an important predictive fac-
tor of tongue squamous cell carcinoma.

The internal and external environment of tumor
cells, tumor cell differentiation, surrounding
immune and inflammatory cells, and vascular
endothelial cells play important roles in the
development and progression of tumors [40].
The tumor microenvironment is well estab-
lished to play a crucial role in resistance to
radiation and chemotherapy and plays an
important role in the initiation, progression,
invasion and metastasis of tumor tissue [41].
Our morphology results indicate that TLR1 is
largely distribute in the cytoplasm and the
nucleus of the surrounding normal tongue epi-
thelial cells; in contrast, TLR1 is only weakly
expressed in the membrane of tumor cells in
tongue squamous cell carcinoma These results
suggested that TLR1 regulates tumor cells via
different signaling pathways in the cell mem-
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brane, cytoplasm and nucleus. The study indi-
cated that the cell signaling transmits signals
to the cell nucleus and may interact with other
signaling factor related to intracellular growth
and differentiation, activating special signaling
pathways [42]. Accordingly, we assume that the
tumor may influence TLR1 function to modulate
the signal transduction pathway of differentiat-
ing cells, inducing the uncontrolled growth of
cells, ultimately promoting the development
and progression of tumorigenesis. TLR1, TLR2,
TLR4, TLR5 and TLR10 are usually expressed
on the surface of healthy immune and epitheli-
al cells; nevertheless TLR3, TLR7, TLRS8, and
TLR9 are typically expressed on the surface of
endosomes, lysosomes and the endoplasmic
reticulum [43, 44]. The expression pattern of
TLRs differs within tumor tissue and the sur-
rounding normal tissue. This feature may sug-
gest that the activation of TLRs depend differ-
ent signaling pathways, inducing the tumor
immune response. However, the effect of the
TLR immune response is ambiguous and not
fully understood at present.

TLRs can regulate the immune system by up-
regulating immunosuppressive protein factors
such as vascular endothelial growth factor
(VEGF) and releasing growth factors in the
tumor microenvironment [45]. It is now gener-
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ally accepted that tumor angiogenesis is neces-
sary for the growth of primary neoplastic tumor
and the development of metastasis [46]. Some
studies have indicated that tumor angiogenesis
is related to tumor progression and malignancy
[47]. The VEGF induces the proliferation, differ-
entiation, and migration of vascular endothelial
cells and increases the permeability of the cap-
illaries, further enhancing the survival of endo-
thelial cells by preventing their apoptosis [46].
Our immunofluorescence staining demonstrat-
ed that TLR1 was mostly expressed in vascular
endothelial cells positive for CD31, indicating
that TLR1 is released from vascular endothelial
cells downstream of the cell immune response
and may play an important role in the patho-
genesis of tongue carcinoma. The results also
determined that TLR1 is not expressed in the
vascular smooth muscle cells of the tumor,
revealing that the regulatory function of TLR1
may be affected in the progression of tongue
squamous cell carcinoma to promote the inva-
sion and progression of the tumor. Morpho-
logical evidence further demonstrated that
tumor cells can inhibit the activation of TLR1 in
tumors, indicating that TLR1 plays a positive
role in inhibiting the growth of tumors. The ele-
vated expression of TLR1 in normal tongue epi-
thelial tissue may inhibit the growth of the
tumor.

In conclusion, our research described the
expression and distribution of TLR1 in tongue
squamous cell carcinoma and the relationship
between TLR1 and clinical pathological fea-
tures. Our study illustrates that TLR1 plays a
positive role in the development and progres-
sion of tongue squamous cell carcinoma.
However, the regulatory mechanism of TLR1 in
tongue squamous cell carcinoma requires addi-
tional research; these findings will play an
important role in revealing the regulation of
TLR1 in tumor pathology and targeting tumor
TLR signaling pathways.
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