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Toll-like receptor 4 plays a tumor-suppressive
role in cutaneous squamous cell carcinoma
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Abstract. Toll-like receptor 4 (TLR4), a key regulator of the
innate immune system, is expressed not only in immune cells,
but also in a number of cancer cells. A biological role for
TLR4 in cutaneous squamous cell carcinoma (SCC), however,
is unclear. In this study, we first examined TLR4 expression
and localization in cases of SCC, actinic keratosis (AK)
and Bowen's disease (BD) by immunohistochemistry. TLR4
expression was significantly higher in the SCC than in the AK
or BD tissues. We then determined the TLR4 expression level
in vivo, in 3 histological subtypes of SCC. TLR4 expression in
poorly differentiated SCC was significantly lower compared
with that of the moderately and well-differentiated type. In
addition, the CD44 immunoreactivity tended to be high in the
cell membrane of poorly differentiated SCC. Of note, poorly
differentiated SCC is a risk factor of unfavorable outcomes
in affected patients. We then assessed the biological role of
TLR4 in HSC-1 and HSC-5 SCC cells and HaCaT human
keratinocytes. TLR4 knockdown by transfection with siRNA
accelerated HSC-1 and HaCaT cell migration and invasion
compared to the control siRNA-transfected cells. TLR4
knockdown resulted in an increased CD44 expression and
in an enhanced filopodia protrusion formation, particularly
in HSC-1. On the whole, these results suggest that a reduced
TLR4 expression enhances the malignant features in SCC
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cases and cultured SCC cell lines. TLR4 may thus play an
anti-tumor role in cutaneous SCC.

Introduction

Cutaneous squamous cell carcinoma (SCC) is the second
most frequent skin cancer after basal cell carcinoma, and the
second leading cause of skin cancer-associated mortality after
malignant melanoma (1,2). Although the majority of SCC
tumors are resected at an early stage, SCC carries a risk of
local recurrence and lymph node metastasis. Investigations
into molecules associated with the unfavorable phenotypes of
cancer are important for the diagnosis and effective treatment
of cutaneous SCC.

Toll-like receptor 4 (TLR4) is a transmembrane protein and
member of the Toll-like receptor family. TLR4 is well known
as a key regulator of innate immunity; however, its perturbed
expression has also been observed in a number of types of
cancer, including ovarian cancer (3), pancreatic cancer (4),
hepatocellular carcinoma (5), colorectal cancer (6,7),
malignant melanoma (8) and skin cancers (9-11). TLR4 may
exert anti-tumor or pro-tumor effects, depending on the tumor
type and whether it is expressed in tumor cells or immune
cells (12-14). TLR4 is expressed in both normal and pathologic
skin cells, and is involved in several skin diseases, including
skin cancers (15-17). Recent studies have demonstrated that
the TLR4 antagonist, resatorvid, blocks solar UV-induced
skin tumorigenesis in mice ex vivo and in vivo (9,10). These
studies have indicated that TLR4 may exert pro-tumor
effects and may thus be a suitable target with which to
prevent photo-carcinogenesis. Anti-tumor effects of TLR4
in cutaneous SCC, however, have also been reported (11,18).
In a previous study, TLR4 knockdown by small hairpin
RNA (shTLR4) was shown to induce HaCaT keratinocyte
proliferation in vitro. Conversely, the overexpression of TLR4
in the SCC13 cell line reduced proliferation compared to
TLR4-negative SCC13 cells in vitro. Moreover, the growth
rate of TLR4-overexpressing SCC13 tumors was attenuated
compared to TLR4-negative SCC13 tumors in a xenograft
mouse model (11). These findings indicate the possibility
for an anti-tumor role of TLR4 in cutaneous SCC. However,
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whether TLR4 is truly an anti-tumor or pro-tumor molecule in
cutaneous SCC remains to be determined.

CD44 is a transmembrane glycoprotein that is expressed
in different variant forms in several types of cancer, including
cutaneous SCC (19-21). CD44 interacts with extracellular
matrix ligands to regulate cell-matrix and cell-cell interactions,
and to promote metastasis (22). Hyaluronan-activated CD44
promotes RhoGTPase signaling, leading to keratinocyte
activities, such as cell adhesion, proliferation and
migration (23). A hyaluronan-mediated CD44 interaction with
TLR4 has been demonstrated in NDA-MB-123 breast cancer
cells (24); however, the interaction between CD44 and TLR4
in skin cancers remains unknown.

In this study, we examined the biological role of TLR4 in
cutaneous SCC. We confirmed the expression and localization
of TLR4 in non-melanocytic skin cancer tissues by
immunohistochemistry and analyzed the biological effects of
TLR4 and the expression of CD44 on cutaneous SCC in vitro.

Materials and methods

Formalin-fixed paraffin-embedded (FFPE) tissue samples. A
total of 36 skin tumor, 5 AK, 5 BD and 26 SCC cases were
obtained from the Nippon Medical School Hospital archives
(Tokyo, Japan). The AK and BD cases were obtained between
2015 and 2017. The SCC cases were obtained between
2009 and 2015. This study was carried out in accordance with
the Declaration of Helsinki, 2013, and the Japanese Society
of Pathology Ethics Committee. The Nippon Medical School
Hospital Institutional Review Board approved this study
(approval no. 29-07-788, August 18th, 2017) and written
informed consent was obtained from all patients. All cases
were carefully reviewed, and pathological diagnoses were
made according to the WHO classification (25). SCC cases
were classified as well-differentiated (>75%), moderately
differentiated (25-75%), or poorly differentiated (<25%) tumors
based on the degree of keratinization. The clinicopathological
data of the SCC cases are presented in Table I.

The AK cases included 3 males and 2 females, and the
age of the patients ranged from 71 to 91 years, with a mean
age of 82.2 years. The lesion locations were all found on the
face (5/5). The BD cases included 3 males and 2 females, and
the age of the patients ranged from 62 to 89 years, with a
mean age of 74.2 years. The lesion locations included 4 on the
extremities (4/5) and 1 on the trunk (1/5).

Immunohistochemistry. The FFPE tissue sections were
stained for TLR4 or CD44. Following deparaffinization, the
sections were pre-treated in an autoclave at 121°C for 15 min
in 10 mM citrate buffer (pH 6.0). Endogenous peroxidase was
blocked using 0.3% hydrogen peroxide in methanol for 30 min.
The sections were then incubated with an anti-TLR4 mouse
monoclonal antibody (1:100; ab89455; Abcam, Cambridge,
UK) or an anti-human CD44 monoclonal mouse antibody
(1:10,000; BBA10; R&D Systems, Inc. Minneapolis, MN, USA)
in phosphate-buffered saline containing 1% bovine serum
albumin at 4°C overnight. The sections were further incubated
with Simple Stain MAX-PO (M; Nichirei Biosciences Inc.,
Tokyo,Japan) for 40 min and peroxidase activity was visualized
by 0.02% diaminobenzidine containing 0.003% hydrogen
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peroxide for 2 min. The sections were then counterstained
with Mayer's hematoxylin. We could not collect normal skin
or other tissues as control tissues. However, normal epidermis
and skin appendage adjacent to the tumors were consistently
positive for TLR4; in addition, normal epidermis and the
secretory part of the sweat gland adjacent to the tumors were
consistently positive for CD44 in all of the cases. Thus, the
normal epidermis and skin appendage served as an internal
positive control for TLR4 staining, and the normal epidermis
and sweat gland served as an internal positive control for CD44
staining. Tissues stained without primary antibody were used
as negative controls in each staining.

Evaluation of the results of immunohistochemistry.
TLR4-stained slides were scanned at x40 magnification
and digitized using a Leica SCN400 slide scanner (Leica
Microsystems, Wetzlar, Germany). The acquired images
were analyzed using HistoQuest cell analysis software 4.0
(TissueGnostics, Vienna, Austria) for automated measurements
of TLR4 expression intensity and to calculate the percentage of
TLR4-positive cells within each slide. Five, randomly selected
fields of view were analyzed.

To assess the TLR4 expression levels, the TLR4 integrated
intensity was calculated by multiplying the intensity of
TLR4-stained cells by the percentage of TLR4-stained cells.
This threshold was used for all samples.

Cells and cell culture. Human skin SCC cell lines, HSC-1
(cat. no. JCRBI1015) (26) and HSC-5 (cat. no. JCRB1016) (27),
were obtained from the Japanese Collection of Research
Bioresources (Osaka, Japan). An immortalized human
keratinocyte cell line, HaCaT (cat. no. 300493), was purchased
from CLS Cell Lines Service GmbH (Eppelheim, Germany).
The HSC-1,HSC-5 and HaCaT cells were grown in RPMI-1640
(Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA)
medium containing 10% fetal bovine serum (FBS; Nichirei
Biosciences Inc., Tokyo, Japan) at 37°C in a humidified
5% CO, atmosphere.

Knockdown of TLR4 expression in HSC-1, HSC-5 and HaCaT
cells. The HSC-1, HSC-5 and HaCaT cells were transfected
using Lipofectamine® RNAIMAX Reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) with 5 nM pre-designed
TLR4 siRNA (siTLR4; no. 4390824; Ambion; Thermo
Fisher Scientific, Inc.), or 5 nM negative control siRNA
(siCtrl; no. 4390844; Ambion; Thermo Fisher Scientific, Inc.)
according to the manufacturer's instructions.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). A total of 2.5x10° cells were seeded in 60-mm
dishes and cultured for 48 h at 37°C in a humidified 5% CO,
atmosphere. Total RNA was extracted using a FastPure RNA
kit, and 1 pg total RNA was used for reverse transcription
using a SuperScript VILO cDNA Synthesis kit, as per the
manufacturer's instructions (Thermo Fisher Scientific, Inc.).
RT-qPCR for TLR4, CD44 and 18S rRNA (as an internal
standard) was performed using a StepOnePlus Real-Time PCR
system (Thermo Fisher Scientific, Inc.) with specific primers
(18S: Hs 03928990_g1, TLR4: Hs 00152939_m7, CD44: Hs
00153304_m7, Thermo Fisher Scientific, Inc.) and a TagMan
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Table I. Clinicopathological data of SCC cases.

Case  Age (years) Sex  Clinical stage Location Size (mm)  Depth of invasion (mm) Differentiation
1 86 M I Face 17 7.5 Well
2 83 M II Face 30 7.1 Well
3 53 M 1 Head 11 59 Well
4 70 M 1 Lip 6 2.9 Poor
5 77 F II Face 23 12 Poor
6 73 M 1 Face 10 1.2 Mod
7 69 F 11 Lip 30 4.1 Mod
8 92 F I Face 14 35 Mod
9 71 M 1 Extremities (finger) 10 2.2 Mod

10 89 M 1T Head 49 9.6 Well

11 76 F I Face 8 0.8 Well

12 86 M II Head 20 72 Poor

13 70 M I Extremities (foot) 25 93 Mod

14 92 F II Face 20 29 Mod

15 66 M 1 Genital Area 9 1.6 Poor

16 72 F I Extremities (finger) 8 35 Mod

17 57 M 1T Genital Area 11 33 Mod

18 82 F 11 Genital Area 60 6.9 Mod

19 95 F II Trunk (abdomen) 26 2.2 Mod

20 88 M I Face 13 33 Mod

21 92 F I Face 19 1.2 Poor

22 89 F I Face 30 1.2 Poor

23 87 F I Face 30 1.7 Mod

24 89 M 1 Face 13 1.6 Mod

25 79 F I Head 16 6.1 Well

26 65 M I Extremities (hand) 8 2.3 Mod

SCC, squamous cell carcinoma; Clinical stage, TNM Classification of malignant tumors, 8th edition (36). Well, well-differentiated; Mod,

moderately differentiated; Poor, poorly differentiated.

probe (Thermo Fisher Scientific, Inc.). The cycling conditions
were as follows: 20 sec at 95°C, and then 40 cycles of 1 sec at
95°C, and 20 sec at 60°C. The RT-qPCR results are expressed
as the ratio of target mRNA to 18S rRNA and analyzed using
the AACq method (28).

Western blot analysis. Total proteins were extracted from
the cells using 10X Cell Lysis Buffer (no. 9803; Cell
Signaling Technology, Danvers, MA, USA) according to the
manufacturer's instructions. The supernatants were collected
as a cell extract, and the protein concentration was measured by
Pierce 660 nm Protein Assay (Thermo Fisher Scientific, Inc.).
Equal amounts of protein (10 ug) for each cell extract were
loaded onto 5-20% sodium dodecyl sulfate-polyacrylamide
gels and separated by electrophoresis (SDS-PAGE) and then
electrophoretically blotted onto a polyvinylidene difluoride
(PVDF) membrane (Trans-Blot Turbo Mini PVDF Transfer
Packs, Bio-Rad Laboratories, Inc., Richmond, CA, USA).
The blots were blocked for 30 min with 5% skimmed milk
in Tris-buffered saline (TBS) containing 0.01 M Tris-HCI,
150 mM NacCl and 0.05% Tween-20, and then incubated with
an anti-human TLR4 antibody (1:500; ab89455; Abcam)

and an anti-human CD44 monoclonal mouse antibody
(1:1,000; no. 3570; Cell Signaling Technology), or anti-f3-actin
monoclonal mouse antibody (1:10,000; Clone AC-74;
Sigma-Aldrich, St. Louis, MO, USA) overnight at 4°C. After
30-min washing in TBS with 0.01% Triton X-100, the blots
were incubated with a horseradish peroxidase-conjugated
secondary antibody (1:10,000, A106PU; American Qualex
Antibodies, San Clemente, CA, USA) for 1 h at room
temperature. Signals were visualized using a Clarity Max
Western ECL Substrate (no. 1705062; Bio-Rad Laboratories,
Inc.) for TLR4 and CD44, and a Super Signal West Pico
Chemiluminescence substrate (Thermo Fisher Scientific,
Inc.) for B-actin. Immunoreactive bands were quantified using
Fiji-ImageJ software version 2.0.0 (https://imagej.nih.gov/ij/).
Experiments were performed in triplicate.

Cell migration and invasion assays. In vitro migration and
invasion assays were carried out by Boyden chamber assay
using BioCoat control inserts and BioCoat Matrigel-coated
inserts with BioCoat chambers (BD Biosciences, San Jose,
CA, USA). Following transfection with the siRNA for 72 h, the
cells were harvested and suspended in serum-free RPMI-1640.
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Figure 1. TLR4 expression in the peritumoral region, AK, BD and SCC.
(A) Sections were stained with a TLR4 antibody. (Panel a) TLR4 expression
in the peritumoral region was confined to one or more layers in the basal
epidermis. All cases of (panel b) AK, (panel ¢) BD, and (panel d) SCC were
positive for TLR4. Original magnification, x200. (B) The TLR4 integrated
intensity score of the SCC case group (SCC) was significantly higher than
the group that combined AK and BD (AK/BD). The data represent the
means + 95% confidence interval. Statistical significance was determined
by Mann-Whitney U test (“P=0.0048) compared to AK/BD. TLR4, Toll-like
receptor 4; SCC, squamous cell carcinoma; AK, actinic keratosis; BD,
Bowen's disease.

The cells were then applied to the surface of control or
Matrigel-coated inserts at a density of 1x10° cells per insert,
and culture medium with 10% FBS was added to the lower
chamber to serve as chemoattractant. The cells were incubated
for 24 h (HSC-1 and HSC-5 cells) or 36 h (HaCaT cells) at 37°C
in a humidified 5% CO, atmosphere, before the migrating and
invading cells were stained with Diff-Quick™ three-step stain
kit (Sysmex Corp., Kobe, Japan). Stained cells on the outer
surface in 5 randomly selected fields per insert were counted
under a bright field microscope (Olympus, Tokyo, Japan) with
a X20 objective. Experiments were performed in triplicate.

Immunofluorescence staining. The HSC-1, HSC-5 and
HaCaT cells were seeded in 35-mm glass bottomed dishes at
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Figure 2. Differences in TLR4 expression are dependent on the degree of
SCC differentiation. (A) Poorly differentiated SCC and well-differentiated
SCC were labeled with (panels a and c) hematoxylin and eosin (H&E) and
(panels b and d) stained with a TLR4 antibody. (Panel b) TLR4 expression in
poorly differentiated SCC was sporadic and localized to the cell membrane.
The inset in (panel b) shows a high-power view. (Panel d) TLR4 expression in
well-differentiated SCC was diffuse and homogeneous. The inset in (panel d)
shows a high-power view. Original magnification, x200. (B) The TLR4 inte-
grated intensity score was significantly decreased in poorly differentiated
SCC compared to moderately differentiated and well-differentiated SCC.
The data represent the means + 95% confidence interval. Statistical signifi-
cance was determined by Kruskal-Wallis test followed by Dunn's multiple
comparison test. Poor vs. moderate, P=0.0407; poor vs. well differentiated,
“P=0.0382. TLR4, Toll-like receptor 4; SCC, squamous cell carcinoma.

2.0x10* cells/dish and incubated with the relevant siRNAs for
72 h. The cells were then fixed with 4% paraformaldehyde/PBS
for 15 min and then incubated with an anti-TLR4 antibody
(1:100) or anti-CD44 antibody (1:400) at 4°C overnight. The
cells were washed with PBS, and then incubated with Alexa
488 (1:1,000; A11001; Invitrogen; Thermo Fisher Scientific,
Inc.) or Alexa 568 conjugated secondary antibodies (1:1,000;
A11031; Invitrogen; Thermo Fisher Scientific, Inc.) for 1 h in
the dark at room temperature. Following incubation, the cells
were washed with PBS and mounted with Vectashield H-1200
containing DAPI (Vector Laboratories, Inc., Burlingame,
CA, USA). Tissues stained without primary antibody were
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Figure 3. TLR4 and CD44 expression in well and poorly differentiated SCC. Representative images of (panels b and ) TLR4 staining and (panels ¢ and f)
CDA44 staining of adjacent sections in (panels a-c) well-differentiated SCC and (panels d-f) poorly differentiated SCC. Original magnification, x600. TLR4,

Toll-like receptor 4; SCC, squamous cell carcinoma.

used as negative controls in each staining. The fluorescent
images were observed under a Digital Eclipse C1 TE2000-E
confocal microscope (Nikon Insteck Co., Ltd., Tokyo, Japan)
and analyzed using Digital Eclipse C1 control software EZ-C1
(Version 3.8; Nikon Insteck Co., Ltd.). For imaging analysis,
the confocal settings such as the laser intensity and detector
sensitivity were unchanged during the acquisition of all images
(X20 objective). The analysis of integrated density related to
the fluorescence signal of TLR4 and CD44 was carried out
on 5 randomly selected fields using Fiji-ImageJ software
version 2.0.0 (https://imagej.nih.gov/ij/). The total cell number
in each field was counted visually. The quantitative evaluation
of the fluorescence signal was carried out by dividing the total
integrated density by the total cell number of each field.

Statistical analysis. The data represent the means + 95%
confidence interval or the means + standard error of the
mean (SEM). A Mann-Whitney U-test, two-way ANOVA
Kruskal-Wallis test followed by Dunn's multiple comparison
test,two-way ANOVA followed by Sidak's multiple comparisons
test, or the multiple test using the Holm-Sidak method were
used to evaluate statistical significance. A value of P<0.05 was
considered to indicate a statistically significant difference. All
statistical analyses were performed using GraphPad Prism
version 7 (GraphPad Software, Inc., La Jolla, CA, USA).

Results

TLR4 expression is elevated in SCC tissues compared to AK
and BD. We first analyzed TLR4 expression in AK, BD and
SCC patient tissues by immunohistochemistry (Fig. 1A). We
found that the TLR4-positive cells in the normal epidermis
adjacent to the tumors were confined to one or more layers
of the basal epidermis (Fig. 1A, panel a). The AK, BD and
SCC lesions were all TLR4-positive (Fig. 1A, panels b-d,
respectively). In AK and BD, TLR4 immunoreactivity was
diffusely distributed in the cytoplasm. TLR4 expression in the
skin tumors was estimated by calculating the TLR4 integrated

intensity. In this study, the number of cases of AK and BD was
only 5 cases each, and the TLR4 integrated intensity score and
TLR4 expression pattern between AK and BD did not differ
significantly. Thus, we compared the SCC group with the
AK/BD group. We found that the TLR4 integrated intensity in
SCC was significantly higher than that in the combined group
of AK or BD cases (Fig. 1B).

TLR4 expression varies depending on the SCC differentiation
level. We then assessed TLR4 expression according to 3 levels
of SCC differentiation: Poor, moderate and well. The TLR4
immunoreactivity pattern varied among the SCC cases.
The poorly differentiated SCC samples exhibited atypical
epithelial neoplastic cells without evident keratinization
(Fig. 2A, panel a). In poorly differentiated SCC, TLR4
immunoreactivity was sporadic and localized mainly to the cell
membrane (Fig. 2A, panel b, inset). On the other hand, TLR4
immunoreactivity was diffusely distributed in the cytoplasm in
well-differentiated SCC (Fig. 2A, panels ¢ and d). Furthermore,
the TLR4 integrated intensity score in the poorly differentiated
SCC cases was significantly lower than that in the moderately
differentiated or well-differentiated SCC cases (Fig. 2B).

CDA44 expression in well- and poorly differentiated SCC. In
addition, we assessed CD44 immunoreactivity in some cases of
well- and poorly differentiated SCC. CD44 immunoreactivity
tended to be low in the well-differentiated SCC, whose TLR4
immunoreactivity was diffusely distributed in the cytoplasm
(Fig. 3, panels a-c). Conversely, CD44 immunoreactivity
tended to be high and localized to the cell membrane in poorly
differentiated SCC, whose TLR4 immunoreactivity was low
and localized to the cell membrane (Fig. 3, panels d-f).

TLR4 mRNA and protein expression in siTLR4-transfected
cells. We used 2 human cutaneous SCC cell lines, HSC-1 and
HSC-5, and the immortalized human keratinocyte cell line,
HacCaT, to assess the TLR4 mRNA and protein expression
levels. We found that TLR4 mRNA relative expression in the
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HSC-1 cells was ~12-fold higher compared with the control
siRNA-transfected HaCaT cells. We then knocked down
TLR4 using siRNA in the HSC-1, HSC-5 and HaCaT cells
(Fig. 4A) and verified the decreased TLR4 expression at the
mRNA level. TLR4 protein expression was also successfully
decreased in the TLR4 siRNA-transfected HSC-1 and HaCaT
cells. However, in the transfected HSC-5 cells, the degree of
knockdown appeared to be low, and no significant difference
was observed (Fig. 4B).

TLR4 knockdown enhances the migration and invasion
of SCC cells. We then assessed the effects of TLR4 on cell
migration and invasion by Boyden chamber assay. We found
that transfection with TLR4 siRNA enhanced the migration of
the HSC-1, HSC-5 and HaCaT cells compared to the control
siRNA-transfected cells (Fig. 5A), and enhanced the invasion
of the HSC-1 and HaCaT cells compared to the control
siRNA-transfected cells (Fig. 5B). The HSC-1 cells exhibited
the most prominent response in terms of migration and
invasion following TLR4 knockdown compared to the HSC-5
and HaCaT cells.

TLR4 knockdown enhances CD44 mRNA and protein
expression. We then found that the decreased TLR4
expression enhanced CD44 mRNA relative expression in the
HSC-1, HSC-5 and HaCaT cells (Fig. 6A). We also detected
the increased expression of the CD44 80-kDa isoform
(CD44s) in TLR4 siRNA-transfected treated HSC-1 and
HaCaT cells (Fig. 6B). In addition, we detected a 140-kDa
CD44 variant (CD44v) in the HSC-5 and HaCaT cells;
CD44v expression was also enhanced upon TLR4 siRNA
transfection (Fig. 6B).

Reduced TLR4 expression enhances CD44 expression at the
cell membrane. Finally, we performed immunofluorescence
to monitor TLR4 and CD44 cellular localization by confocal
microscopy. We found that TLR4 (green) was diffusely
expressed in the cytoplasm and cell membrane in all cell
types (Fig. 7A, panels a-c). Upon transfection with TLR4
siRNA, TLR4 expression in the cytoplasm was decreased,
particularly in the HSC-1 cells compared to the siRNA
control-transfected cells; TLR4 expression in the cell
membrane seemed unaffected (Fig. 7A, panels d-f). In the
quantitative evaluation, TLR4 expression was significantly
decreased in the TLR4 siRNA-transfected HSC-1 and HaCaT
cells (Fig. 8A) Moreover, the TLR4 siRNA-transfected cells
exhibited an increased number of filopodia protrusions and
TLR4 expression in the cell membrane extended into these
protrusions (Fig. 7A, panels d-f, arrowhead). We then detected
that CD44 was mainly localized to the cell membrane in
all cell types (Fig. 7B, panels a-c). Transfection with TLR4
siRNA increased CD44 expression and enhanced filopodia
protrusions compared to the control siRNA-transfected cells
(Fig. 7B, panels d-f). All images are single optical sections, but
not compressed stacks, and we selected a slice with the most
obvious filopodia protrusions. Therefore, there was a height
difference between the protrusions and nuclei (blue) in some
cells. In the quantitative evaluation, CD44 expression was
significantly increased in the TLR4 siRNA-transfected HSC-1
cells (Fig. 8B).
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Figure 4. TLR4 mRNA and protein expression in siTLR4-transfected cells.
(A) Relative expression of TLR4 mRNA was analyzed by RT-qPCR fol-
lowing transfection with siTLR4 in HSC-1, HSC-5 and HaCaT cell lines. The
relative expression of TLR4 mRNA is indicated as a percentage of that of
siCtrl-transfected HaCaT cells. The data represent the means + 95% con-
fidence interval of triplicate measurements in 3 independent experiments.
Statistical significance between siTLR4 or siCtrl groups and among cell
lines was determined by two-way ANOVA followed by Sidak's multiple
comparisons test. HSC-1, ““P<0.001; HSC-5, “P=0.0029; HaCaT, ""P<0.001.
(B) Western blot analysis of TLR4 protein expression following transfection
with siTLR4 or siCtrl in HSC-1, HSC-5 and HaCaT cells. The data repre-
sent the means = 95% confidence interval of triplicate measurements in
3 independent experiments. Statistical significance between siTLR4 or siCtrl
groups and among cell lines was determined by two-way ANOVA followed
by Sidak's multiple comparisons test. HSC-1: ““P<0.001; HSC-5: P=0.1719;
HaCaT: ""P<0.001. TLR4, Toll-like receptor 4; SCC, squamous cell carci-
noma; siTLR4, siRNA against TLR4; siCtrl, control siRNA.

Discussion

This study examined the expression and localization of TLR4
in non-melanocytic skin cancers AK, BD and SCC. We
determined the biological role of TLR4 in SCC in the HSC-1
and HSC-5 SCC cells and HaCaT human keratinocytes. We first
quantitatively evaluated TLR4 expression in AK, BD and SCC
using the pathological tissue samples. TLR4 was expressed
not only in the basal epidermis of normal skin, adjacent to
the tumor, but also in all tumor lesions (Fig. 1A). The TLR4
integrated intensity score of SCC group was significantly
higher than that of the combined AK/BD group (Fig. 1B).

AK is considered as a pre-cancerous SCC lesion, and BD
is essentially equivalent to and used interchangeably with the
term SCC in situ. These lesions both progress and evolve to
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experiments. Statistical significance between siTLR4 or siCtrl groups and among cell lines was determined by two-way ANOVA followed by Sidak's multiple
comparisons test. Diff-Quick-stained cells represent in the left panel of A and B. Original magnification, x200. TLR4, Toll-like receptor 4; SCC, squamous

cell carcinoma; siTLR4, siRNA against TLR4; siCtrl, control siRNA.

give rise to invasive SCC (29). A previous study reported a
significant increase in TLR4 expression in keratinocytes in
FFPE tissue samples during the progression from normal skin
to AK; the study also detected this increase in expression at a
later stage of SCC progression in tissue microarray samples (9).
These results indicate that TLR4 expression may be involved
in cutaneous SCC formation and progression.

Subsequently, focusing on the TLR4 expression
pattern in SCC, we found an association between the SCC
differentiation degree and TLR4 expression levels. In poorly
differentiated SCC, the TLR4 integrated intensity score
was significantly lower than in moderately differentiated or
well-differentiated SCC cases (Fig. 2B). We also found that
TLR4 immunoreactivity was largely localized to the cell
membrane in poorly differentiated SCC (Fig. 2A, panel b, inset).
In addition, the CD44 immunoreactivity tended to be high and
localized to the cell membrane in poorly differentiated SCC
(Fig. 3). Other histological features, such as the site of location,
tumor size, or depth of invasion were not associated with TLR4
expression (data not shown). The poor differentiation of SCC
is independently associated with local recurrence, lymph node
metastasis, and disease-specific death (30). The difference
in TLR4 expression may, therefore, be associated with
unfavorable outcomes in poorly differentiated SCC. However,
in this study, the number of patients with TLR4 staining of AK,
BD, and poorly differentiated SCC, as well as the number of
patients with CD44 staining of SCC was small. Thus, further

clinicopathological studies using a greater number of cases are
required to confirm the biological role of TLR4 and CD44 in
skin tumors.

An interaction between TLR4 and CD44 was previously
demonstrated in breast cancer cells (24). In cutaneous SCC,
Karvinen et al reported that poorly-differentiated SCC
tumors showed an irregular CD44 staining pattern and
reduced expression with areas of missing or low intensity (19);
conversely, well-differentiated SCC exhibited homogeneous
CD44 staining and moderate intensity (19). Although the
interaction between TLR4 and CD44 in cutaneous cancers is
unclear, these reports and the findings of this study suggest
that an irregular CD44 expression and localization may be
associated with a perturbed TLR4 expression and localization
in poorly differentiated SCC.

In this study, we analyzed the biological role of TLR4
and the association between TLR4 and CD44 in cutaneous
SCC cells. The knockdown of TLR4 expression by siRNA
accelerated cell migration and invasion compared to the control
siRNA-transfected HSC-1 and HaCaT cells (Fig. 5). Notably,
TLR4 expression in the TLR4 siRNA-transfected HSC-1 cells
was mainly reduced in the cytoplasm, and to a certain degree,
TLR4 expression remained detectable in the cell membrane
(Fig. 7A, panels a and d). A similar TLR4 expression and
localization pattern was observed in the poorly differentiated
SCC tissues (Fig. 2A, panel b). Furthermore, the knockdown
of TLR4 increased CD44 expression (Figs. 6, 7B and 8B) and
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Figure 6. CD44 mRNA and protein expression in siTLR4-transfected cells.
(A) The relative expression of CD44 mRNA was analyzed by RT-qPCR fol-
lowing transfection of the HSC-1, HSC-5 and HaCaT cells with siTLR4. The
relative expression of CD44 mRNA is indicated as a percentage of that of
siCtrl-treated HaCaT cells. The data represent the means + 95% confidence
interval of triplicate measurements in 3 independent experiments. Statistical
significance between siTLR4 or siCtrl groups and among cell lines was deter-
mined by two-way ANOVA followed by Sidak's multiple comparisons test.
HSC-1: ""P<0.001; HSC-5: "P=0.0358; HaCaT: ""P<0.001. (B) Western blot
analysis of CD44 protein expression following transfection with siTLR4 in
HSC-1, HSC-5 and HaCaT cells. The data represent the mean + 95% con-
fidence interval of triplicate measurements in 3 independent experiments.
Statistical significance between siTLR4 or siCtrl groups and among cell lines
was determined by two-way ANOVA followed by Sidak's multiple com-
parisons test. CD44s/B-actin: HSC-1, ““P<0.001; HSC-5, P=0.2111; HaCaT,
“P<0.001. CD44v/B-actin: HSC-1, not detected (ND); HSC-5, “"P<0.001;
HaCaT, “"P<0.001. CD44s: CD44 standard form, CD44v: CD44 variant iso-
forms (140 kDa). TLR4, Toll-like receptor 4; SCC, squamous cell carcinoma;
siTLR4, siRNA against TLR4; siCtrl, control siRNA.

the filopodia protrusions formation (Fig. 7A, panels d-f and B,
panels d-f). Filopodia are thin, finger-like membrane
protrusions that extend out from the cell edge and are involved
in cell migration and cell invasion (31). These results suggest
that reduced TLR4 expression may enhance the malignant
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HSC-1 HSC-5 HaCaT

Figure 7. Immunofluorescence staining of TLR4 and CD44 in siTLR4-trans-
fected cells. HSC-1, HSC-5 and HaCaT cells were transfected with siCtrl
(panels a, b and c, respectively) or siTLR4 (panels d, e and f, respectively),
and then stained with a (A) TLR4 or (B) CD44 antibody. The nuclei were
stained with DAPI (blue). (A) TLR4 knockdown in HSC-1 cells decreased
TLR4 expression (green) in the cytoplasm and enhanced the formation of
filopodia protrusions (arrowheads) compared to siCtrl cells. (B) TLR4
knockdown increased CD44 expression (red) in the cell membrane and
increase the formation of filopodia protrusions (arrowheads) compared to
siCtrl cells. The insets show a high-power view of filopodia protrusions.
All images show a single optical section. Scale bar, 20 ym. TLR4, Toll-like
receptor 4; SCC, squamous cell carcinoma; siTLR4, siRNA against TLR4;
siCtrl, control siRNA.

features of cutaneous SCC. In the future, we aim to focus
on investigating the role of TLR4 in epithelial-mesenchymal
transition, which is deeply implicated in cancer cell migration
and invasiveness.

In this study, the TLR4 protein levels appeared to still be
high in the TLR4 siRNA-transfected HSC-5 cells, while the
mRNA levels were significantly decreased. However, the lack
of the successful knockdown of TLR4 protein in HSC-5 cells
may have affected the cell migration and CD44 expression
results. These results may be due to cell biological differences
between HSC-1 and HSC-5 cells, such as differences in
stability between mRNA and protein, or difference in protein
degradation processes.

HSC-1 is a cell line derived from poorly differentiated
human skin SCC on the hand (26). HSC-5 is a cell line
derived from well-differentiated human skin SCC on the
auricle (27). However, the differential ability of keratinization
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Figure 8. Quantitative evaluation of Immunofluorescence staining. The
analysis of the fluorescence signal of TLR4 and CD44 was carried out on
5 randomly selected fields per X20 objective sample. (A) TLR4 integrated
density/cells: HSC-1, “P=0.0077; HSC-5, P=0.6873; HaCaT, “P=0.0073.
(B) CD44 integrated intensity/cells: HSC-1, “P=0.0177; HSC-5, P=0.1099;
HaCaT, P=0.6683. The data represent the means + SEM of triplicate mea-
surements in three independent experiments. Statistical significance between
siTLR4 or siCtrl groups and among cell lines was determined by multiple test
using the Holm-Sidak method. TLR4, Toll-like receptor 4; SCC, squamous
cell carcinoma; siTLR4, siRNA against TLR4; siCtrl, control siRNA.

was lacking in both cell lines, and the patterns of expression
levels of cytokeratin proteins of HSC-1 and HSC-5 differed.
In addition, the HSC-1 cells were grown and they exhibited
features of keratinization, such as horn peals and individual
cell keratinization in a xenograft mouse model (26), while
HSC-5 transplantation was not successful (27). The difference
in reactivity to TLR4 siRNA between the HSC-1 and HSC-5
cells may be caused by these cell biological differences.
Additional work using other SCC cell lines will provide more
evidence to support our results.

TLR4 may exert anti-tumor or pro-tumor effects. However,
a number of studies have described a pro-tumor role of TLR4
expression in cancer cells (4-6,13,32,33). In addition, a dual
role of TLR4 in breast cancer cells has been identified: TLR4
activation inhibits 7P53 wild-type cell growth but promotes
TP53 mutant cell growth by regulating proliferation (34).
Notably, the findings of this study indicate an anti-tumor role
of TLR4 expression in SCC cells. This may be explained by
the increased CD44 expression in response to the decreased
TLR4 expression.

CD44 is a transmembrane glycoprotein that is highly
expressed in a number of types of cancer and cancer stem
cells. CD44 interacts with several extracellular matrix ligands,
including hyaluronan or hyaluronic acid, osteopontin, collagen
and fibronectin to induce actin cytoskeleton regulation, cell
migration and invasion (22,35). CD44s and CD44v have
overlapping, yet distinct roles in cancer cell proliferation,
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adhesion, migration and invasion (22,35). In this study,
we found that CD44s expression increased in the TLR4
siRNA-transfected HSC-1 and HaCaT cells. The CD44v
isoform was also expressed in the HSC-5 and HaCaT cells and
was similarly enhanced following TLR4 siRNA transfection
(Fig. 6B). These findings indicate that both CD44s and CD44v
expression may contribute to cell migration and invasive
ability in cutaneous SCC, depending on the cell types. Only
a few studies to date have examined the association between
TLR4 and CD44 in cancer cells, at least to the best of our
knowledge. Bourguignon et al reported that low molecular
weight hyaluronan stimulated the association between CD44
and TLRs (TLR2 and 4), followed by concomitant recruitment
of AFAP-110 and MyD88 that promotes tumor-cell invasion
in breast tumor cells (24). We suggest a possibility that TLR4
and CD44 may be associated through a negative feedback
mechanism in cutaneous SCC. Overexpression experiments
for TLR4 will be required to support this hypothesis.

To the best of our knowledge, this is the first study to report
an association between TLR4 and CD44 that contributes to
tumor migration and invasion in cutaneous SCC. We found that
decreased TLR4 expression levels are associated with enhanced
malignant features in human SCC tissue samples and cultured
SCC cell line. TLR4 may thus play an important anti-tumor role
in suppressing aggressive cutaneous SCC cellular behaviors.
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