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Abstract. The stromal cells in the tumor microenviron‑
ment (TME) can influence the progression of multiple types 
of cancer; however, data on oral squamous cell carcinoma 
(OSCC) are limited. In the present study, the effects of 
verrucous squamous cell carcinoma‑associated stromal cells 
(VSCC‑SCs), squamous cell carcinoma‑associated stromal 
cells (SCC‑SCs) and human dermal fibroblasts (HDFs) on 
the tumor nest formation, proliferation, invasion and migra‑
tion of HSC‑3 cells were examined in vitro using Giemsa 
staining, MTS, and Transwell (invasion and migration) assays, 
respectively. The results revealed that both the VSCC‑SCs and 
SCC‑SCs inhibited the tumor nest formation, and promoted the 
proliferation, invasion and migration of OSCC cells in vitro. 
Furthermore, the effects of VSCC‑SCs, SCC‑SCs and HDFs 
on the differentiation, proliferation, invasion and migration 
of OSCC cells in vivo were evaluated by hematoxylin and 
eosin staining, tartrate‑resistant acid phosphatase staining, 
immunohistochemistry and double‑fluorescent immunohisto‑
chemical staining, respectively. The results demonstrated that 
the VSCC‑SCs promoted the differentiation, proliferation, inva‑
sion and migration of OSCC cells, while the SCC‑SCs inhibited 
the differentiation, and promoted the proliferation, invasion and 
migration of OSCC cells in vivo. Finally, microarray data were 
used to predict genes in VSCC‑SCs and SCC‑SCs that may 
influence the progression of OSCC, and those with potential to 
influence the differential effects of VSCC‑SCs and SCC‑SCs 
on the differentiation of OSCC. It was found that C‑X‑C motif 
chemokine ligand (CXCL)8, mitogen‑activated protein kinase 3 

(MAPK3), phosphatidylinositol‑4,5‑bisphosphate 3‑kinase 
catalytic subunit alpha (PIK3CA), C‑X‑C motif chemokine 
ligand 1 (CXCL1) and C‑C motif chemokine ligand 2 (CCL2) 
may be involved in the crosstalk between VSCC‑SCs, SCC‑SCs 
and OSCC cells, which regulates the progression of OSCC. 
Intercellular adhesion molecule 1 (ICAM1), interleukin (IL)1B, 
Fos proto‑oncogene, AP‑1 transcription factor subunit (FOS), 
bone morphogenetic protein 4 (BMP4), insulin (INS) and nerve 
growth factor (NGF) may be responsible for the differential 
effects of VSCC‑SCs and SCC‑SCs on the differentiation of 
OSCC. On the whole, the present study demonstrates that both 
VSCC‑SCs and SCC‑SCs may promote the progression of 
OSCC, and SCC‑SCs were found to exert a more prominent 
promoting effect; this may represent a potential regulatory 
mechanism for the progression of OSCC.

Introduction

Oral squamous cell carcinoma (OSCC) is the most common 
malignant tumor of the head and neck region, which is caused 
by smoking, alcohol consumption and viral infections. The 
main treatment for OSCC consists of surgery combined with 
chemotherapy and radiotherapy (1,2). Despite advancements 
being made in the diagnosis and treatment of the disease, 
the 5‑year survival rate of patients with OSCC remains low 
at 50%, largely due to tumor recurrence and metastasis (3,4). 
Therefore, there is a need to further investigate the regulatory 
mechanisms underlying OSCC differentiation, proliferation, 
invasion and metastasis in order to improve the poor prognosis 
of patients with OSCC.

Crosstalk between the tumor microenvironment (TME) 
and tumors can promote cancer progression (5,6). Stromal 
cells, which are the main component of the TME, can influ‑
ence the proliferation, invasion and metastasis of cancers (7). 
Stromal cells consist of cancer‑associated fibroblasts (CAFs), 
tumor‑associated macrophages (TAMs) and infiltrating 
immune cells, which can enhance cancer cell proliferation and 
metastasis by forming a supportive environment for angiogen‑
esis, invasion and metastasis (8‑10). A previous study suggested 
that the interaction between stromal cells and the epithelium 
promotes the progression of breast cancer (11). In addition, the 
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expression of programmed death‑ligand 1 (PD‑L1) on stromal 
cells promotes the progression of colon cancer by suppressing 
CD8+ T‑cell immune responses (12). Mesenchymal stromal 
cells can also promote cancer metastasis by enhancing epithe‑
lial‑to‑mesenchymal transition (EMT) (13). Therefore, stromal 
cells may influence the progression of multiple cancer types by 
interacting with cancer cells; however, data on the influence of 
stromal cells in OSCC are limited.

Clinically, various subtypes of OSCC exist, including 
invasive carcinoma and verrucous carcinoma. Differences in 
the invasive ability of these subtypes results in marked differ‑
ences in prognosis. The endophytic type (ED‑type) OSCC 
can invade and occasionally metastasize. Conversely, the 
exophytic type (EX‑type) OSCC, such as verrucous OSCC, 
presents an outward growth, does not invade the subepithelial 
connective tissue, does not metastasize and is therefore asso‑
ciated with a relatively good prognosis (14‑16). However, to 
the best of our knowledge, no studies available to date have 
examined the mechanisms through which differences in these 
subtypes affect the tumor stroma. Therefore, it was hypoth‑
esized that different subtypes of stromal cells in the TME 
differentially affect the progression of OSCC. To examine this 
hypothesis, in the present study, the moderately differentiated 
human oral cancer cell line, HSC‑3, was used as a cell model 
and verrucous squamous cell carcinoma‑associated stromal 
cells (VSCC‑SCs; derived from EX‑type OSCC stroma) and 
squamous cell carcinoma‑associated stromal cells (SCC‑SCs; 
derived from ED‑type OSCC stroma) were extracted from 
patients with OSCC to examine the effects of different stromal 
cells subtypes in the TME on the progression of OSCC. 
Furthermore, microarray data and bioinformatics analyses 
were used to elucidate the potential mechanisms underlying the 
differential effects of stromal cell subtypes on the progression 
of OSCC. These findings may highlight a potential regulatory 
mechanism underlying the progression of OSCC.

Materials and methods

Cells and cell culture. The moderately differentiated human 
oral cancer cell line, HSC‑3 was purchased from the Cell Bank 
of the Japanese Collection of Research Bioresources (JCRB). 
Human dermal fibroblasts (HDFs) were purchased from 
Lonza Group, Ltd. VSCC‑SCs and SCC‑SCs were extracted 
from surgical operative tissues at the Department of Oral and 
Maxillofacial Surgery at Okayama University. The VSCC 
tissues and SCC tissues were obtained from each 1 patient, 
respectively to separate the stromal cells and generated 
the cell culture. Sections of fresh oral squamous carcinoma 
tissue (1 mm3) were washed several times with α‑Modified 
Eagle's medium (α‑MEM) (Life Technologies; Thermo 
Fisher Scientific, Inc.) containing antibiotic‑antimycotic (Life 
Technologies; Thermo Fisher Scientific, Inc.) and then minced. 
The tissues were then treated with α‑MEM containing 
1 mg/ml collagenase II (Invitrogen; Thermo Fisher Scientific, 
Inc.) and dispase (Invitrogen; Thermo Fisher Scientific, Inc.) 
for 2 h at 37˚C with shaking (200 rpm). The released cells 
were centrifuged for 5 min at 111.8 x g at room temperature, 
suspended in α‑MEM containing 10% FBS (Biowest), filtered 
through a cell strainer (100 µm, BD Falcon; BD Biosciences), 
plated in a tissue culture flask and incubated at 37˚C in 

5% CO2. After 1 week, the stromal cells were separated by 
Accutase (Invitrogen; Thermo Fisher Scientific, Inc.) based 
on the differential adhesion of epithelial and stromal cells. 
These stromal cells were labeled VSCC‑SCs (derived from 
EX‑type OSCC stroma) and SCC‑SCs (derived from ED‑type 
OSCC stroma) (17). The HSC‑3 cells, HDFs, VSCC‑SCs and 
SCC‑SCs were maintained in α‑MEM (Life Technologies; 
Thermo Fisher Scientific, Inc.) supplemented with 10% FBS 
and 1% antimycotic‑antibiotic (Life Technologies; Thermo 
Fisher Scientific, Inc.) at 37˚C in a humidified atmosphere of 
5% CO2 and 95% air. The present study was approved by the 
Ethics Committee of Okayama University (project identifica‑
tion code: 1703‑042‑001). Informed consent was obtained 
from all patients.

Giemsa staining. VSCC‑SCs, SCC‑SCs, HDFs and 
HSC‑3 cells were digested with Accutase and EDTA (Life 
Technologies; Thermo Fisher Scientific, Inc.), and centrifuged 
when the density approached 90%. The VSCC‑SCs, SCC‑SCs 
and HDFs were then mixed with the HSC‑3 cells at a 3:1 ratio. 
The cells were seeded into small dishes (Violamo, 35x12 mm) 
with a slide (Matsunami, 22x22 mm) at a density of 4x105/dish. 
Following incubation for 1 day (37˚C), the attached slides were 
stained using the Giemsa Staining kit (Diff‑Quick; Nanjing 
Jiancheng Bioengineering Institute). The slides were first 
washed with double‑distilled water (DDW) and fixed with 
Diff‑Quik Fixative provided with the Giemsa staining kit for 
2 min at room temperature respectively. The slides were then 
stained with Diff‑Quik Solution Ⅰ and Diff‑Quik Solution 
Ⅱ provided with the Giemsa staining kit for 2 min at room 
temperature. Finally, the stained cells were photographed under 
a bright field microscope (x4, x10, x20 and x40 magnification; 
BX51, Olympus Corporation). Independent experiments were 
repeated three times.

MTS assay. The VSCC‑SCs, SCC‑SCs, HDFs and HSC‑3 cells 
were digested with Accutase and EDTA, and centrifuged 
when the density approached 90%. The VSCC‑SCs, SCC‑SCs 
and HDFs were then mixed with HSC‑3 at a 3:1 ratio. 
The cells were seeded into 96‑wells plates at a density of 
2,000 cells/well. Following incubation for 1, 3 and 5 days, 
respectively (37˚C), 20 µl of MTS regent were added to each 
well and the cells were then incubated for a further 4 h (37˚C). 
The absorbance of each well was measured at 490 nm using an 
enzyme‑linked immunosorbent assay reader (SH‑1000 Lab). 
The OD values of the HSC‑3 + VSCC‑SCs/SCC‑SCs/HDFs 
were compared with those of the HSC‑3 (2,000 cells) cells 
and VSCC‑SCs/SCC‑SCs/HDFs (2,000 cells) cells to 
determine the effects on the proliferation between the 
HSC‑3 cells and VSCC‑SCs/SCC‑SCs/HDFs as follows: A 
promotion of cell proliferation was considered when the OD 
value of the HSC‑3 + VSCC‑SCs/SCC‑SCs/HDFs mixed 
group was greater than that of the HSC‑3 (2,000 cells) and 
VSCC‑SCs/SCC‑SCs/HDFs (2,000 cells) groups. An inhi‑
bition of cell proliferation was considered when the OD 
value of the HSC‑3 + VSCC‑SCs/SCC‑SCs/HDFs mixed 
group was less than that of the HSC‑3 (2,000 cells) and 
VSCC‑SCs/SCC‑SCs/HDFs (2,000 cells) groups. No effect 
on cell proliferation was considered to have occurred when 
the OD value of the HSC‑3 + VSCC‑SCs/SCC‑SCs/HDFs 
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mixed group was intermediate between that of the HSC‑3 
(2,000 cells) and VSCC‑SCs/SCC‑SCs/HDFs (2,000 cells) 
groups. Independent experiments were repeated three times.

Immunohistochemistry (IHC; Ki‑67 labeling index). The slides 
were washed three times with TBS and fixed with 4% parafor‑
maldehyde for 15 min. Endogenous peroxidase activity was 
blocked by incubating the slides in methanol containing 0.3% 
H2O2 for 30 min and blocking liquid (DS Pharma Biomedical 
Co., Ltd.) for 20 min. The primary antibody, mouse anti‑Ki‑67 
(M7240, MIB1, 1:50; Dako; Agilent Technologies, Inc.) was 
added and slides were incubated for 2 h at room temperature. 
After washing three times with TBS, the slides were incubated 
with secondary antibody avidin‑biotin complexes [PK‑6102, 
mouse ABC kit; blocking serum (normal serum, diluted with 
TBS): 1:75; biotinylated secondary antibody (diluted with 
normal serum): 1:200; reagent A (Avidin, ABC Elite) and 
reagent B (Biotinylated HRP, ABC Elite, diluted with TBS): 
1:55; Vector Laboratories, Inc.] for 1 h at room temperature. 
Following visualization with a mixed solution of diamino‑
benzidine (DAB)/H2O2 (histofine DAB substrate; Nichirei 
Biosciences Inc.), the stained slides were photographed under 
a bright field microscope (x4, x10, x20 and x40 magnification, 
BX51, Olympus Corporation). A total of five images (x40 
magnification) were randomly obtained and used to determine 
positive cell counts using ImageJ software (V1.51j8, National 
Institutes of Health). The percentage of positive Ki‑67 cells 
was calculated as the number of positive Ki‑67 cancer cells/the 
number of all cancer cells x100%. Independent experiments 
were repeated three times.

Transwell invasion and migration assays, and immunofluores‑
cence (IF). The VSCC‑SCs, SCC‑SCs, HDFs and HSC‑3 cells 
were digested with Accutase and EDTA, and centrifuged 
for 5 min at 111.8 x g at room temperature when the density 
approached 90%. The VSCC‑SCs, SCC‑SCs and HDFs were 
then mixed with HSC‑3 cells at a 3:1 ratio in α‑MEM without 
FBS. For the Transwell invasion assay, the cells were seeded in 
the upper chamber of 8‑µm Transwell filters pre‑coated with 
Matrigel in 24‑well plates (Corning BioCoat Matrigel Invasion 
Chamber kit; BD Biosciences) at a density of 4x104/500 µl. 
Subsequently, α‑MEM (500 µl) containing 10% FBS was added 
to the bottom chamber. For the Transwell migration assay, the 
cells were seeded into the upper chamber of 8‑µm Transwell 
filters without Matrigel in 24‑well plates (Corning, Falcon cell 
culture inserts; BD Biosciences) at a density of 2x104/500 µl. 
Subsequently, α‑MEM (500 µl) containing 10% FBS was added 
to the bottom chamber. Following 1 day of incubation (37˚C), 
the cells in upper chamber were removed using a cotton swab, 
and the membrane was trimmed in the upper chamber. After 
washing with TBS three times (5 min each), the cells were 
fixed with 4% paraformaldehyde for 15 min and blocked with 
blocking liquid (DS Pharma Biomedical Co., Ltd.) for 20 min. 
The primary antibodies, rabbit anti‑vimentin (ab16700, SP20, 
1:200, Abcam) and mouse anti‑pan cytokeratin (IS053, AE1/3, 
Abcam) were added and the cells were then incubated for 1 h 
at room temperature. After washing three times with TBS, 
the secondary antibodies, anti‑mouse IgG Alexa Fluor 488 
(A21441, 1:200, Life Technologies; Thermo Fisher Scientific, 
Inc.) and anti‑rabbit IgG Alexa Fluor 568 (A10042, 1:200, Life 

Technologies; Thermo Fisher Scientific, Inc.) were added and 
the cells were incubated for 1 h at room temperature without 
light. After washing with TBS and DDW three times, the 
samples were stained with 0.2 g/ml 40,6‑diamidino‑2‑phe‑
nylindole (DAPI; Dojindo Molecular Technologies, Inc.). 
The stained cells were photographed using a fluorescence 
microscope (x5 and x10 magnification, BZ‑8000; Keyence). 
Independent experiments were repeated three times, and the 
data were analyzed using ImageJ software (V1.51j8).

Animal experiments. All animal experiments were conducted 
according to the relevant guidelines and regulations, and 
were approved by the institutional committees at Okayama 
University (OKU‑2017406). Following intraperitoneal anes‑
thesia with ketamine hydrochloride (75 mg/kg body weight) 
and medetomidine hydrochloride (0.5 mg/kg body weight), 
200 µl mixed cells including HSC‑3 (1x106, 100 µl) and stromal 
cells (VSCC‑SCs, SCC‑SCs and HDFs, 3x106, 100 µl) were 
injected into the central region of the top of the head (in the 
lamina propria) of 12 BALB/c nu‑nu mice (4‑week‑old healthy 
females) obtained from SHIMIZU Laboratory Supplies Co., 
Ltd, as previously described (18,19). All mice were reared 
in an animal room at a temperature of 25˚C and 50‑60% 
humidity under a 12‑h light/dark cycle. All mice were allowed 
free access to food and water. Finally, atipamezole hydrochlo‑
ride (1 mg/kg body weight) was subcutaneously injected into 
the abdominal cavity to reverse anesthesia. The experimental 
animals were divided into the HSC‑3, HSC‑3 + VSCC‑SCs, 
HSC‑3 + SCC‑SCs and HSC‑3 + HDFs groups and each group 
consisted of three mice.

Hematoxylin and eosin (H&E) staining. After 4 weeks, all 
mice were sacrificed by isoflurane excess inhalation anesthesia 
(concentration >5%). Cardiac arrest was then verified by pulse 
palpation followed by the dislocation of the cervical spine of 
the mice. The whole head of the animals containing the tumor 
tissues and the surrounding bone tissues were removed, fixed 
in 4% paraformaldehyde for 12 h, and decalcified using 10% 
EDTA for 3 weeks. Subsequently, the whole head of the animal 
models were processed and embedded into paraffin wax using 
routine histological methods and cut into 5‑µm‑thick sections. 
Finally, the sections were stained with H&E. The sections 
were stained with Carrazi's hematoxylin (MUTO Pure 
Chemical Co., Ltd.) for 5 min at room temperature and stained 
with eosin (MUTO Pure Chemical Co., Ltd.) for 7 min at room 
temperature. The tumor part in the tissue of the animals was 
photographed under a bright field microscope (x4, x10, x20 and 
x40 magnification). The effects of VSCC‑SCs, SCC‑SCs and 
HDFs on the differentiation of OSCC cells in vivo were deter‑
mined by the keratinized area and the size of the tumor nest 
according to the pathological diagnosis. The keratinized area 
indicated well‑differentiated tissue and tumor nest formation 
represented moderate and poor differentiation. A small‑sized 
tumor nest indicated poor differentiation and a medium‑sized 
tumor nest indicated moderate differentiation.

Tartrate‑resistant acid phosphatase (TRAP) staining. TRAP 
staining was conducted using a TRAP staining kit (Primary 
Cell, Co., Ltd.) according to the manufacturer's instructions. 
Active multi‑nucleated osteoclast cells on the bone resorption 
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surface were considered to be TRAP‑positive cells. The inter‑
action area contained tumor and bone in the tissue of whole 
animal model heads was photographed under a bright field 
microscope (x4, x10, x20 and x40 magnification). A total of 
five images (x40 magnification) were randomly acquired to 
obtain positive cell counts using ImageJ software (V1.51j8). 
Independent experiments were repeated three times.

Immunohistochemical analysis. Following antigen retrieval, 
the 5‑µm‑thick sections were blocked with 10% normal serum 
for 20 min at room temperature and then incubated with 
primary antibodies, including mouse anti‑Ki67 (M7240, MIB1, 
1:50; Dako; Agilent Technologies, Inc.), MMP9 (F‑69, 56‑2A4, 
1:20; Fuji Yakukin Co., Ltd.) and MT1‑MMP (F‑86, 114‑6G6, 
1:20; Fuji Yakukin Co., Ltd.), overnight at 4˚C. After washing 
three times with TBS, all sections were incubated with the 
secondary antibody avidin‑biotin complexes [PK‑6102, mouse 
ABC kit; Blocking serum (normal serum, diluted with TBS): 
1:75; biotinylated secondary antibody (diluted with normal 
serum): 1:200; reagent A (Avidin, ABC Elite) and reagent B 
(biotinylated HRP, ABC Elite, diluted by TBS): 1:55;  Vector 
Laboratories, Inc.] for 1 h at room temperature. Following 
visualization with a mixed solution of DAB/H2O2 (histofine 
DAB substrate; Nichirei Biosciences Inc.), The tumor areas 
containing the tumor and stroma in the tissue of the heads of 
the animals were photographed under a bright field microscope 
(x4, x10, x20 and x40 magnification). A total of five images 
(x40 magnification) were randomly acquired to obtain positive 
cell counts using ImageJ software (V1.51j8). The percentage of 
positive Ki‑67/MMP9/MT1‑MMP cells was calculated as the 
number of positive Ki‑67/MMP9/MT1‑MMP cancer cells/the 
number of all cancer cells x100%. Independent experiments 
were repeated three times.

Double‑f luorescent immunohistochemical staining. 
Following antigen retrieval, the sections were blocked with 
Block Ace (DS Pharma Biomedical Co., Ltd.) for 20 min 
at room temperature and then incubated with primary anti‑
bodies, rabbit anti‑Snail + SLUG (ab180714, 1:200; Abcam), 
and mouse anti‑E‑cadherin (M126, clone SHE78‑7, 1:1,000, 
Takara Bio, Inc.), overnight at 4˚C. After washing three times 
with TBS, the sections were incubated with the secondary 
antibodies, anti‑mouse IgG Alexa Fluor 488 (A21441, 
1:100; Life Technologies; Thermo Fisher Scientific, Inc.) 
and anti‑rabbit IgG Alexa Fluor 568 (A10042, 1:100; Life 
Technologies; Thermo Fisher Scientific, Inc.) for 1 h without 
light at room temperature. Finally, the sections were stained 
with 0.2 g/ml DAPI (Dojindo Molecular Technologies, Inc.). 
The tumor areas containing the tumor and stroma in the 
tissue of the whole heads of the animals were photographed 
under a fluorescence microscope (x5, x10 and x20 magnifica‑
tion). The percentage of positive Snail cells was calculated as 
the number of positive snail cancer cells/the number of all 
cancer cells x100%. Independent experiments were repeated 
three times.

Microarray and bioinformatics analyses. The VSCC‑SCs, 
SCC‑SCs and HDFs were used to conduct the microarray 
analysis. The HDFs were used as the control group to analyze 
the differentially expressed genes (DEGs) in the VSCC‑SCs 

and SCC‑SCs. The |LogFC|>1 was considered as the 
cut‑off value (https://www.ncbi.nlm.nih.gov/geo/query/acc.
cgi?&acc=GSE164374 (the dataset is currently private and 
is scheduled to be released on January 1, 2024). Biological 
processes and cell pathways of the upregulated DEGs 
were analyzed using Gene Ontology (GO) and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) enrich‑
ment analysis through Cytoscape 3.7.2 (https://cytoscape.
org/), and the results are presented as bubble plots created 
using R 3.6.2. An adjusted P<0.05 was considered as the 
cut‑off value. The top 10 hub genes were analyzed using a 
protein‑to‑protein interaction network (PPI) using STRING 
(http://string‑db.org/) and Cytoscape 3.7.2 (cytohubba). A 
combined score >0.4, was considered as the cut‑off value, 
and the hub genes were selected according to the degree. 
Finally, the hub genes that were differentially expressed in 
the VSCC‑SCs, SCC‑SCs and HDFs were identified using 
cluster and heatmap analyses.

Statistical analysis. All statistical analyses were conducted 
using GraphPad Prism 9 (GraphPad Software, Inc.). Data are 
presented as the mean ± standard deviation (SD). Two‑way 
ANOVA was used to compare two variables with Tukey's post 
hoc test. One‑way ANOVA was used to compared differences 
between >2 groups. The post hoc test used following one‑way 
ANOVA was Tukey's. P<0.05 was considered to indicate a 
statistically significant difference.

Results

VSCC‑SCs, SCC‑SCs and HDFs have a spindle‑shaped 
morphology and suitable cell viability without cancer cell 
contamination. The morphology of the VSCC‑SCs, SCC‑SCs 
and HDFs was confirmed by Giemsa staining and IF. The 
spindle shape of the cells in the SCC‑SCs group was the most 
notable, closely followed by those in the VSCC‑SCs group. 
The spindle‑shaped morphology of the cells in VSCC‑SCs 
group was more evident than that of the cells in the HDFs 
group (Fig. 1A and B). In addition, IF staining revealed that 
the VSCC‑SCs, SCC‑SCs and HDFs were vimentin‑positive 
and AE 1/3‑negative, which indicated that these three types 
of cells did not contain cancer cells (Fig. 1B). Finally, the 
viability of the VSCC‑SCs, SCC‑SCs and HDFs was examine 
using MTS assay. The results revealed that the OD values of 
the VSCC‑SCs, SCC‑SCs and HDFs were very similar on days 
1 and 3, whereas they differed on day 5. The OD value of the 
VSCC‑SCs was the highest on day 5, followed by those of the 
HDFs group. The OD value of the cells in the HDFs group was 
slightly higher than that of the cells in the SCC‑SCs group on 
day 5 (Fig. 1C). These data thus indicated that the VSCC‑SCs 
and SCC‑SCs exhibited a more obvious spindle‑shaped 
morphology and suitable cell viability without cancer cell 
contamination.

Both VSCC‑SCs and SCC‑SCs suppress the tumor nest 
formation of HSC‑3 cells in vitro. Giemsa and IF staining 
were used to evaluate the effects of VSCC‑SCs, SCC‑SCs and 
HDFs on the tumor nest formation of HSC‑3 cells in vitro. In 
the HSC‑3 cell group, the cancer cells presented cellular pleo‑
morphism; thus, the HSC‑3 cells had strong cytological atypia. 
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In the HSC‑3 + SCC‑SCs group, the adhesion of cancer cells 
was weak, there was no obvious cancer nest formation, and 
the cancer cells infiltrated diffusely into the stroma (Fig. 2A 
and B). Furthermore, the average number of cells in the tumor 
nests in the HSC‑3 + SCC‑SCs group was the lowest, followed 
by the HSC‑3 + VSCC‑SCs group. In addition, there was a 
minimal difference between the HSC‑3 and HSC‑3 + HDFs 
groups (Fig. 2C). Therefore, both the VSCC‑SCs and SCC‑SCs 

inhibited the tumor nest formation of HSC‑3 in vitro, and the 
SCC‑SCs exerted a more potent inhibitory effect than the 
VSCC‑SCs, while the HDFs exerted a minimal effect on the 
tumor nest formation of HSC‑3 cells in vitro.

VSCC‑SCs and SCC‑SCs promote the proliferation of HSC‑3 
cells in vitro. The effects on cell proliferation between 
VSCC‑SCs and HSC‑3 cells were examined using MTS assay. 

Figure 1. Examination of morphology and viability of VSCC‑SCs, SCC‑SCs and HDFs. (A and B) Morphology and cell component of VSCC‑SCs, SCC‑SCs 
and HDFs were tested by (A) Giemsa staining and (B) immunofluorescence staining. (C) Viability of VSCC‑SCs, SCC‑SCs and HDFs was examined by MTS 
assay on days 1, 3 and 5. Data are presented as the mean ± SD, n=4. Statistical analysis was performed using two‑way ANOVA; ns, not significant (P>0.05) 
and ****P<0.0001. VSCC‑SCs, verrucous squamous cell carcinoma‑associated stromal cells; SCC‑SCs, squamous cell carcinoma‑associated stromal cells; 
HDFs, human dermal fibroblasts. 
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The results demonstrated that there was a promoting effect 
on cell proliferation in the HSC‑3 + VSCC‑SCs on day 3, 
while proliferation was inhibited on day 5 compared with the 
VSCC‑SCs (Fig. 3A). The effect on the proliferation between 
the SCC‑SCs and HSC‑3 cells was also examined by MTS 
assay. The results demonstrated that there was promoting effect 
observed in the HSC‑3 + SCC‑SCs on days 1 and 5 (Fig. 3B). 

In addition, the effect on cell proliferation between HDFs and 
HSC‑3 was examined by MTS assay, which demonstrated that 
there was a promoting effect observed in the HSC‑3 + HDFs 
on days 1 and 3 (Fig. 3C). In addition, the OD value of the 
HSC‑3 (2,000 cells), HSC‑3 + VSCC‑SCs and HSC‑3 + HDFs 
groups markedly increased on day 3 and decreased slightly on 
day 5, while that of the HSC‑3 + SCC‑SCs group increased 

Figure 2. Both VSCC‑SCs and SCC‑SCs suppress the tumor nest formation of HSC‑3 in vitro. (A and B) Effect of VSCC‑SCs, SCC‑SCs and HDFs on the 
tumor nest formation of HSC‑3 in vitro was examined using both (A) Giemsa staining and (B) immunofluorescence staining. The arrows in the images indicate 
the tumor nest. (C) Quantification of average cells number of tumor nest in the different groups. Data are presented as the mean ± SD, n=5. Statistical analysis 
was performed using one‑way ANOVA; ns, not significant (P>0.05); **P<0.01 and ****P<0.0001, all compared with the HSC‑3 group. VSCC‑SCs, verrucous 
squamous cell carcinoma‑associated stromal cells; SCC‑SCs, squamous cell carcinoma‑associated stromal cells; HDFs, human dermal fibroblasts. 
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gradually from days 1 to 5 (Fig. 3D). These data suggested 
that there was a promoting effect on cell proliferation between 
the VSCC‑SCs, SCC‑SCs, HDFs and HSC‑3 cells in vitro. 
Furthermore, the relative expression of Ki‑67 in the different 
groups was examined by IHC to determine the effects of the 
VSCC‑SCs, SCC‑SCs and HDFs on the proliferation of HSC‑3 
cells in vitro (Fig. 3E). The percentage of positive Ki‑67 cells 
in the HSC‑3 + SCC‑SCs group was slightly higher than that in 
the HSC‑3 + VSCC‑SCs group, which was significantly higher 
than that in the HSC‑3 + HDFs and HSC‑3 groups (Fig. 3F). 
These data suggested that both the VSCC‑SCs and SCC‑SCs 
promoted the proliferation of the HSC‑3 cells in vitro and that 
the SCC‑SCs exert a more prominent promoting effect than 
the VSCC‑SCs.

Both the VSCC‑SCs and SCC‑SCs promote the invasion of 
HSC‑3 cells in vitro. A Transwell (invasion) assay and IF staining 

were used to determine the effects of VSCC‑SCs, SCC‑SCs and 
HDFs on the invasion of HSC‑3 cells in vitro (Fig. 4A). The 
number of invading cancer cells in the HSC‑3 + SCC‑SCs group 
was slightly higher than that in the HSC‑3 + VSCC‑SCs group 
and markedly higher than that in the HSC‑3 + HDFs and HSC‑3 
(10,000 cells) groups. Furthermore, the number of invasive cancer 
cells in the HSC‑3 + HDFs group was slightly lower than that in 
the HSC‑3 (10,000 cells) group (Fig. 4B). These data indicated 
that both the VSCC‑SCs and SCC‑SCs promoted the invasion of 
HSC‑3 cells in vitro, while the HDFs exerted an inhibitory effect 
on the invasion of HSC‑3 cells. In addition, SCC‑SCs exerted a 
more prominent promoting effect than the VSCC‑SCs.

Both the VSCC‑SCs and SCC‑SCs promote the migration of 
HSC‑3 cells in vitro. A Transwell (migration) assay and IF 
staining were used to determine the effects of VSCC‑SCs, 
SCC‑SCs and HDFs on the migration of HSC‑3 cells 

Figure 3. Both VSCC‑SCs and SCC‑SCs promote the proliferation of HSC‑3 cells in vitro. (A‑C) MTS assay was used to examine the effect on the prolif‑
eration between VSCC‑SCs, SCC‑SCs, HDFs and HSC‑3 at 1, 3 and 5 days. Data are presented as the mean ± SD, n=4. Statistical analysis was performed 
using one‑way ANOVA; ns, not significant (P>0.05); *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001. (D) Comparison of the effect on the proliferation between 
VSCC‑SCs, SCC‑SCs, HDFs and HSC‑3 on days 1, 3 and 5. Data are presented as the mean ± SD, n=4. Statistical analysis was performed using two‑way 
ANOVA; *P<0.05. (E) Immunohistochemistry was used to examine the relative Ki‑67 expression level to assay the effect of VSCC‑SCs, SCC‑SCs and HDFs on 
the proliferation of HSC‑3 in vitro. (F) Quantification of positive Ki‑67 cell numbers in different groups; data are presented as the mean ± SD, n=3. Statistical 
analysis was performed using one‑way ANOVA; ns, not significant (P>0.05); ***P<0.001, compared with the HSC‑3 group. VSCC‑SCs, verrucous squamous 
cell carcinoma‑associated stromal cells; SCC‑SCs, squamous cell carcinoma‑associated stromal cells; HDFs, human dermal fibroblasts. 
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in vitro (Fig. 5A). The number of migrating cells in the 
HSC‑3 + SCC‑SCs group was slightly higher than that in the 
HSC‑3 + VSCC‑SCs group, and markedly higher than that in the 
HSC‑3 + HDFs and HSC‑3 (5,000 cells) groups. Furthermore, 
the number of migrating cells in the HSC‑3 + HDFs group 
was slightly lower than that in the HSC‑3 (5,000 cells) group 
(Fig. 5B). These data thus indicated that both the VSCC‑SCs 
and SCC‑SCs promoted the migration of HSC‑3 cells in vitro, 
while the HDFs exerted an inhibitory effect on the migration 
of HSC‑3 cells. In addition, the SCC‑SCs exerted a more 
prominent promotion effect than the VSCC‑SCs.

SCC‑SCs inhibit the differentiation of OSCC in vivo, whereas 
VSCC‑SCs promote the differentiation of OSCC cells. H&E 
staining was used to evaluate the effects of VSCC‑SCs, 
SCC‑SCs and HDFs on the differentiation of OSCC cells 
in vivo. In the HSC‑3 only group, tumor tissue formation with 
a small cancer nest without keratinization was observed, and 
histological analysis revealed moderately differentiated OSCC. 
In the HSC‑3 + SCC‑SCs group, H&E staining revealed that 

the cancer nests were slightly smaller than those in the HSC‑3 
only group. Histological analysis of the HSC‑3 + SCC‑SCs 
group revealed moderately differentiated type OSCC. In the 
HSC‑3 + VSCC‑SCs and HSC‑3 + HDFs groups, these histo‑
logical findings differed markedly compared with the HSC‑3 
only group. In the HSC‑3 + VSCC‑SCs and HSC‑3 + HDFs 
groups, well‑differentiated OSCC with notable keratinization 
in the center of the tumor tissue was observed (Fig. 6). Thus, 
these data indicated that the SCC‑SCs inhibit the differ‑
entiation of OSCC in vivo, while the VSCC‑SCs and HDFs 
promoted the differentiation of OSCC.

Both the VSCC‑SCs and SCC‑SCs promote OSCC proliferation 
in vivo. The expression of Ki‑67 in different groups was assessed 
by IHC to demonstrate the effect of VSCC‑SCs, SCC‑SCs and 
HDFs on the proliferation of OSCC cells in vivo (Fig. 7A). 
Compared with the HSC‑3 only group, the expression of Ki‑67 
was slightly increased in the HSC‑3 + VSCC‑SCs group and 
was markedly increased in the HSC‑3 + SCC‑SCs group. In 
addition, a minimal effect was observed in the HSC‑3 + HDFs 

Figure 4. Both VSCC‑SCs and SCC‑SCs enhance the invasive ability of HSC‑3 cells in vitro. (A) Both Transwell (invasion) and immunofluorescence staining 
assays were used to examine the effects of VSCC‑SCs, SCC‑SCs and HDFs on the invasion of HSC‑3 cells. Green color indicates HSC‑3 cells and red color indi‑
cates stromal cells (x5 magnification). (B) Quantification of cell invasion number in different groups. Data are presented as the mean ± SD, n=5. Statistical analysis 
was performed using one‑way ANOVA; ns, not significant (P>0.05); **P<0.01 and ****P<0.0001, all compared with the HSC‑3 (10,000 cells) group. VSCC‑SCs, 
verrucous squamous cell carcinoma‑associated stromal cells; SCC‑SCs, squamous cell carcinoma‑associated stromal cells; HDFs, human dermal fibroblasts.  
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group (Fig. 7B). Thus, these data suggested that both the 
VSCC‑SCs and SCC‑SCs promoted the proliferation of OSCC 
in vivo and that SCC‑SCs exert a more prominent promoting 
effect than the VSCC‑SCs.

Both the VSCC‑SCs and SCC‑SCs promote the bone invasion 
and invasion of OSCC cells in vivo. The effect of VSCC‑SCs, 
SCC‑SCs and HDFs on the bone resorption of OSCC were evalu‑
ated by H&E staining. Bone resorption in the HSC‑3 + SCC‑SCs 
group was slightly greater than that in the VSCC‑SCs group, 
while it was markedly greater than that in the HSC‑3 + HDFs 
group. There was a minimal difference between the HSC‑3 and 
HSC‑3 + HDFs groups (Fig. 8A). Furthermore, TRAP staining 
was used to determine the number of active multinucleated 
osteoclasts in the different groups to demonstrate the effects of 
VSCC‑SCs, SCC‑SCs and HDFs on the bone invasion of OSCC 
(Fig. 8B). The number of active multinucleated osteoclasts in 
the HSC‑3 + SCC‑SCs group was the highest, followed by the 
HSC‑3+VSCC‑SCs and HSC‑3 groups. In addition, the number 
of active multinucleated osteoclasts in the HSC‑3 + HDFs groups 

was slightly lower than that in the HSC‑3 group (Fig. 8C). These 
data suggest that the VSCC‑SCs and SCC‑SCs promoted the 
bone invasion of OSCC in vivo and that SCC‑SCs exert a more 
prominent promoting effect, while the HDFs exerted an inhibi‑
tory effect. The expression levels of MMP9 and MT1‑MMP, 
markers of invasion, in the different groups were assessed by 
IHC to determine the effects of VSCC‑SCs, SCC‑SCs and HDFs 
on the invasion of OSCC cells in vivo (Fig. 8D and F). Compared 
with the HSC‑3 group, the number of cells positive for MMP9 and 
MT1‑MMP in the HSC‑3 + VSCC‑SCs and HSC‑3 + SCC‑SCs 
groups markedly increased, while there was a minimal effect in 
the HSC‑3 + HDFs group (Fig. 8E and G). Therefore, both the 
VSCC‑SCs and SCC‑SCs promoted the invasion of OSCC cells 
in vivo, while the HDFs exerted a minimal effect. These data 
suggest that both the VSCC‑SCs and SCC‑SCs promote the bone 
invasion, and the invasion of OSCC in vivo.

Both VSCC‑SCs and SCC‑SCs promote the EMT of OSCC cells 
in vivo. The EMT biomarkers, E‑cadherin and Snail, were exam‑
ined by IF staining to demonstrate the effects of VSCC‑SCs, 

Figure 5. Both VSCC‑SCs and SCC‑SCs enhance the migratory ability of HSC‑3 cells in vitro. (A) Transwell (migration) and immunofluorescence staining 
assays were used to examine the effects of VSCC‑SCs, SCC‑SCs and HDFs on the migration of HSC‑3 cells. Green color indicates HSC‑3 cells and red color 
indicates stromal cells (x5 magnification). (B) Quantification of cell migration number in different groups. Data are presented as the mean ± SD, n=5. Statistical 
analysis was performed using one‑way ANOVA; ns, not significant (P>0.05); *P<0.05 and **P<0.01, all compared with the HSC‑3 (5,000 cells) group. VSCC‑SCs, 
verrucous squamous cell carcinoma‑associated stromal cells; SCC‑SCs, squamous cell carcinoma‑associated stromal cells; HDFs, human dermal fibroblasts. 
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SCC‑SCs and HDFs on the EMT process of OSCC (Fig. 9A). 
The percentage of positive Snail cells in the HSC‑3 + SCC‑SCs 
group was slightly higher than that in the HSC‑3 + VSCC‑SCs 
groups and markedly higher than that in the HSC‑3 and 
HSC‑3 + HDFs groups. In addition, the percentage of positive 
Snail cells in HSC‑3 + HDFs group was lower than that in the 
HSC‑3 group (Fig. 9B). Thus, these data suggested that both the 
VSCC‑SCs and SCC‑SCs promoted the EMT process of OSCC 
and that the SCC‑SCs exerted a more prominent promoting 
effect than the VSCC‑SCs, while the HDFs exerted an inhibi‑
tory effect on the EMT process of OSCC in vivo.

C‑X‑C motif chemokine ligand (CXCL)8, C‑C motif chemo‑
kine ligand 2 (CCL2), C‑X‑C motif chemokine ligand 1 
(CXCL1), mitogen‑activated protein kinase 3 (MAPK3) and 
phosphatidylinositol‑4,5‑bisphosphate 3‑kinase catalytic 
subunit alpha (PIK3CA) may be involved in the regulation of 
OSCC progression by VSCC‑SCs and SCC‑SCs. DEGs in the 
VSCC‑SCs and SCC‑SCs were analyzed using a microarray 
and compared with those in the HDFs. Common upregulated 
DEGs between the VSCC‑SCs and SCC‑SCs were identified 
using a Venn diagram, which indicated that 1,123 genes were 

upregulated in both the VSCC‑SCs and SCC‑SCs (Fig. 10A). 
Furthermore, the cancer‑associated biological process and 
cancer‑associated cell pathways of the common upregulated 
DEGs were analyzed using GO and KEGG enrichment 
analysis, respectively (Fig. 10B and C). Common upregulated 
DEGs were mainly enriched in cancer‑associated biological 
processes, such as cell proliferation, cell adhesion and cell 
migration (Fig. 10B). In addition, common upregulated‑DEGs 
were mainly enriched in cancer‑associated cellular pathways, 
such as the TNF signaling pathway, pathways in cancer, IL‑17 
signaling pathway and cytokine‑cytokine receptor interaction 
(Fig. 10C). Common upregulated DEGs both associated with 
cancer biological processes and cancer cell pathways were 
identified using the Venn diagram; 76 common upregulated 
DEGs were both associated with cancer biological processes 
and cancer cell pathways (Fig. 10D). The top 10 hub genes in 
these common upregulated DEGs both associated with cancer 
biological processes and cancer cell pathways were analyzed 
using a PPI network. CXCL8, MAPK3, prostaglandin‑endo‑
peroxide synthase 2 (PTGS2), bone morphogenetic protein 4 
(BMP4), CD40, hepatocyte growth factor (HGF), EGFR, 
PIK3CA, CXCL1 and CCL2 were identified as the hub genes 

Figure 6. SCC‑SCs inhibit the differentiation of OSCC, while VSCC‑SCs promote the differentiation of OSCC in vivo. H&E staining was used to examined the 
effects of VSCC‑SCs, SCC‑SCs and HDFs on the differentiation of OSCC in vivo. VSCC‑SCs, verrucous squamous cell carcinoma‑associated stromal cells; 
SCC‑SCs, squamous cell carcinoma‑associated stromal cells; HDFs, human dermal fibroblasts; OSCC, oral squamous cell carcinoma. 

Figure 7. Both VSCC‑SCs and SCC‑SCs promote the proliferation of OSCC in vivo. (A) Immunohistochemical staining was used to examine the relative 
expression of Ki‑67 to determine the effect of VSCC‑SCs, SCC‑SCs and HDFs on the proliferation of OSCC cells in vivo. (B) Quantification of positive Ki‑67 
cells in the different groups. Data are presented as the mean ± SD, n=5. Statistical analysis was performed using one‑way ANOVA; ns, not significant (P>0.05); 
**P<0.01 and ****P<0.0001 compared with the HSC‑3 group. VSCC‑SCs, verrucous squamous cell carcinoma‑associated stromal cells; SCC‑SCs, squamous cell 
carcinoma‑associated stromal cells; HDFs, human dermal fibroblasts; OSCC, oral squamous cell carcinoma. 
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(Fig. 10E). Finally, the top 10 hub genes differentially expressed 
in VSCC‑SCs, SCC‑SCs, and HDFs were analyzed by cluster 
and heatmap analysis. CXCL8, MAPK3, PIK3CA, CXCL1 and 
CCL2 were differentially expressed in VSCC‑SCs, SCC‑SCs, 
and HDFs (Fig. 10F). These data suggest that CXCL8, CCL2, 
CXCL1, MAPK3 and PIK3CA may be involved in the regula‑
tion of OSCC progression by VSCC‑SCs and SCC‑SCs.

Intercellular adhesion molecule 1 (ICAM1), interleukin (IL)1B, 
Fos proto‑oncogene, AP‑1 transcription factor subunit 
(FOS), bone morphogenetic protein 4 (BMP4), insulin (INS) 
and nerve growth factor (NGF) may underlie the differential 
effects of VSCC‑SCs and SCC‑SCs on the differentiation 
of OSCC. The upregulated DEGs in the SCC‑SCs were 
analyzed using a microarray and compared with those in the 

VSCC‑SCs. The biological processes of upregulated DEGs 
were analyzed using GO enrichment analysis. The upregu‑
lated DEGs were mainly enriched in cell differentiation, cell 
proliferation, cell adhesion and cell migration (Fig. 11A). 
Furthermore, the top 10 hub genes involved in cell differ‑
entiation were identified using a PPI network, as follows: 
IL6, ICAM1, IL1B, Cadherin 1 (CDH1), CDC42, FOS, 
Toll‑like receptor (TLR)4, BMP4, INS and NGF (Fig. 11B). 
Finally, the hub genes differentially expressed in SCC‑SCs 
and VSCC‑SCs were analyzed using cluster and heatmap 
analyses, which suggested that ICAM1, IL1B, FOS, BMP4, 
INS and NGF were differentially expressed in the SCC‑SCs 
(Fig. 11C). Therefore, ICAM1, IL1B, FOS, BMP4, INS and 
NGF may underlie the differential effects of VSCC‑SCs and 
SCC‑SCs on the differentiation of OSCC.

Figure 8. Both VSCC‑SCs and SCC‑SCs promote the bone invasion and invasion of OSCC in vivo. (A and B) Effect of VSCC‑SCs, SCC‑SCs and HDFs on 
the bone invasive ability of OSCC in vivo was examine by H&E and TRAP staining. (C) Quantification of activated multi‑nucleated osteoclast cell number 
in the different groups. Data are presented as the mean ± SD, n=3. Statistical analysis was performed using one‑way ANOVA; ns, not significant (P>0.05); 
**P<0.01 and ****P<0.0001, all compared with the HSC‑3 group. (D and F) MMP9 and MT1‑MMP expression levels in the different groups were examined by 
immunohistochemistry. (E and G) Quantification of positive MMP9 and MT1‑MMP cells in the different groups. Data are presented as the mean ± SD, n=5. 
Statistical analysis was performed using one‑way ANOVA; ns, not significant (P>0.05);  ***P<0.001 and ****P<0.0001, all compared with the HSC‑3 group. 
VSCC‑SCs, verrucous squamous cell carcinoma‑associated stromal cells; SCC‑SCs, squamous cell carcinoma‑associated stromal cells; HDFs, human dermal 
fibroblasts; OSCC, oral squamous cell carcinoma; TRAP, tartrate‑resistant acid phosphatase. 
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Discussion

Benign and malignant cancers can be assayed by the degree of 
differentiation. The prognosis of patients with well‑differen‑
tiated cancers is better than that for patients with moderately 
differentiated and poorly differentiated cancers. Therefore, 
the degree of differentiation can influence the biological 
processes of cancers (20). It has been suggested that SRY‑box 

transcription factor 4 (SOX4), SUMO‑specific peptidase 3 
(SENP3), grainyhead like transcription factor 2 (GRHL2) and 
RUNX family transcription factor 1 (RUNX1) are significantly 
associated with the differentiation of OSCC (21‑24). In addi‑
tion, the extracellular signal‑regulated kinase 1/2 (ERK1/2), 
JNK and STAT3 signaling pathways also play significant roles 
in the differentiation of OSCC (25). Moreover, S100A16 has 
been shown to promote the differentiation of OSCC cells and 

Figure 9. Both VSCC‑SCs and SCC‑SCs promote the EMT process of OSCC. (A) Effect of VSCC‑SCs, SCC‑SCs and HDFs on the EMT process of OSCC in vivo 
was examined by double‑fluorescent immunohistochemical staining. (B) Quantification of positive snail cells in different groups. Data are presented as the 
mean ± SD, n=4. Statistical analysis was performed using one‑way ANOVA; *P<0.05 and ****P<0.0001, compared with the HSC‑3 group. VSCC‑SCs,verrucous 
squamous cell carcinoma‑associated stromal cells; SCC‑SCs, squamous cell carcinoma‑associated stromal cells; HDFs, human dermal fibroblasts; OSCC, oral 
squamous cell carcinoma; EMT, epithelial‑to‑mesenchymal transition. 
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inhibit the progression of OSCC (26). Therefore, the differ‑
entiation of OSCC may be regulated by specific proteins and 
signaling pathways, which can further influence its progression. 
However, to the best of our knowledge, no study to date has  
investigated the effects of stromal cells on the differentiation 
of OSCC. In the present study, it was found that VSCC‑SCs 
promoted the differentiation of OSCC, while SCC‑SCs inhib‑
ited the differentiation of OSCC. HDFs exerted a minimal 
effect on the differentiation of OSCC cells. Furthermore, the 

reason for the differential effects of VSCC‑SCs and SCC‑SCs 
on the degree of OSCC differentiation was analyzed using 
microarray and bioinformatics methods. The results indicated 
that the overexpression of ICAM1, IL1B, FOS, BMP4, INS and 
NGF in the SCC‑SCs was closely associated with cell differen‑
tiation. It has been suggested that ICAM1 is closely associated 
with the differentiation of osteoclasts and can also regulate 
the differentiation of colorectal cancer (27‑29); however, it has 
not been widely investigated in the differentiation of OSCC. 

Figure 10. Potential genes in both VSCC‑SCs and SCC‑SCs that regulate the progression of OSCC examined using microarray analysis. (A) Common upregu‑
lated DEGs in both VSCC‑SCs and SCC‑SCs identified using a Venn diagram. (B and C) Cancer associated biological process and cancer associated cell 
pathway that common upregulated DEGs enriched in were examined using GO and KEGG enrichment analysis, respectively (only the biological process and 
cell pathways associated with the progression of cancer are presented). (D) Common upregulated DEGs both associated with cancer biological process and 
cancer cell pathways were identified by Venn. (E) PPI network was used to identify the top 10 hub genes in common upregulated DEGs associated with cancer 
biological process and cancer cell pathways. (F) Top 10 hub genes differentially expressed in VSCC‑SCs, SCC‑SCs and HDFs were identified using cluster 
analysis and a heatmap. VSCC‑SCs, verrucous squamous cell carcinoma‑associated stromal cells; SCC‑SCs, squamous cell carcinoma‑associated stromal 
cells; HDFs, human dermal fibroblasts; OSCC, oral squamous cell carcinoma; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; 
PPI network, protein‑to‑protein interaction network. 
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IL1B regulates the differentiation of TH17 and TH19 in the 
TME (30,31). IL1B also plays a critical role in the differen‑
tiation of prostate cancer cells (32). BMP4 plays a significant 
role in the differentiation of neuroblastoma, colorectal cancer 
stem cells and CD133+ hepatic cancer stem cells; however, 
it has not been extensively studied in the differentiation of 
OSCC (33‑35). NGF regulates the differentiation of neuroblasts 
and neuroblastoma cells (36,37). FOS (also known as p55) and 
INS have not been extensively investigated in the differentia‑
tion of OSCC. Therefore, ICAM1, IL1B, BMP4 and NGF may 
underlie the differential effects of VSCC‑SCs and SCC‑SCs 
on the degree of differentiation of OSCC. Stromal cells, which 
are the main components of the TME, are also associated 

with cancer progression (7,38). A previous study suggested 
that the proliferation, invasion and metastasis of CD133+ 
pancreatic cancer cells was enhanced following co‑culture 
with pancreatic stromal cells (39). Senescent stromal cells 
promote the growth and invasion of CRC both in vitro and 
in vivo (40). In addition, the results of a gene expression 
microarray in three types of cancer demonstrated that stromal 
cells could alter cellular functions, including cell‑cycle, cell 
signal, cell movement and cell death (41). The results of these 
studies indicated that stromal cells influence the progres‑
sion of multiple cancer types. As regards OSCC, a recent 
study suggested that CAFs‑derived exosomal miR‑382‑5p 
promoted the invasion and migration of OSCC (42). Long 

Figure 11. Identification of potential genes resulting in the differential effects of VSCC‑SCs and SCC‑SCs on the differentiation of OSCC. (A) Biological 
process of upregulated DEGs in SCC‑SCs examined using GO enrichment analysis. (B) Top 10 hub genes in cell differentiation were analyzed using a PPI 
network and Cytoscape software. (C) The hub genes differentially expressed in SCC‑SCs and VSCC‑SCs were identified using cluster analysis and a heatmap. 
VSCC‑SCs, verrucous squamous cell carcinoma‑associated stromal cells; SCC‑SCs, squamous cell carcinoma‑associated stromal cells; HDFs, human dermal 
fibroblasts; OSCC, oral squamous cell carcinoma; GO, Gene Ontology; PPI network, protein‑to‑protein interaction network. 
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non‑coding RNAs (lncRNAs) also play a significant role in 
CAFs, promoting the progression of OSCC (43). Epiregulin 
has been found to promote the transformation of normal 
fibroblasts into CAFs, which are induced in OSCC via 
the JAK2/STAT3 pathway (44). Therefore, miRNAs and 
lncRNAs in CAFs promote the progression of OSCC. 
However, research investigating the crosstalk between stromal 
cells and OSCC is limited (17). The findings of the present 
study indicated that VSCC‑SCs and SCC‑SCs promoted the 
proliferation, invasion and migration of OSCC both in vitro 
and in vivo, and that SCC‑SCs exerted a more prominent 
promoting effect than the VSCC‑SCs, while HDFs exert a 
limited effect on the proliferation, invasion and migration of 
OSCC. In addition, the proliferation of HSC‑3 + VSCC‑SCs 
and HSC‑3 + HDFs decreased on day 5, whereas that of 
HSC‑3 + SCC‑SCs increased on day 5 in vitro, according to 
the results of MTS assay; this may be caused by differences 
in the viability of VSCC‑SCs, SCC‑SCs and HDFs. Cell 
death in the HSC‑3 + VSCC‑SCs and HSC‑3 + HDFs was 
observed from day 5 due to the higher viability of VSCC‑SCs 
and HDFs, which resulted in cell crowding. Conversely, the 
death of HSC‑3 + SCC‑SCs was not observed due to the lower 
viability of SCC‑SCs, which did not lead to cell crowding 
on day 5. Finally, SCC‑SCs inhibited the degree of OSCC 
differentiation, indicating that SCC‑SCs have the potential to 
promote the proliferation, invasion and migration of OSCC. 
The results obtained for proliferation, invasion and migration 
indirectly confirmed differentiation. Thus, SCC‑SCs inhibited 
the differentiation, and promoted the proliferation, invasion, 
and migration of OSCC cells. VSCC‑SCs exerted a promoting 
effect on the differentiation degree of OSCC, indicating that 
VSCC‑SCs have the potential to inhibit the proliferation, 
invasion and migration of OSCC. However, apart from the 
keratinized area, an area of invasion was also observed in the 
HSC‑3 + VSCC‑SCs group based on H&E staining. Thus, the 
effect of VSCC‑SCs on the proliferation, invasion and migra‑
tion of OSCC could not be identified simply by the degree 
of differentiation. The results indicated that the VSCC‑SCs 
promoted the proliferation, invasion and migration of OSCC 
cells. Thus, VSCC‑SCs promoted the differentiation, prolif‑
eration, invasion and migration of OSCC cells. Therefore, 
both the VSCC‑SCs and SCC‑SCs promote the progression of 
OSCC, while the HDFs exerted a minimal effect. In addition, 
the SCC‑SCs exerted a more prominent promoting effect than 
the VSCC‑SCs.

In addition, the microarray data in the present study also 
suggested that CXCL8, CCL2, CXCL1, MAPK3 and PIK3CA 
in the VSCC‑SCs and SCC‑SCs may regulate the progression 
of OSCC. CXCL8 (also known as IL‑8) regulates cellular 
responses in combination with CXCR1 and CXCR2 (45). A 
recent study demonstrated that the loss of androgen receptor 
could promote the expression of CXCL8 in CAFs, which in 
turn regulates the migration of prostate cancer cells (46). 
In addition, blocking autophagy in CAFs can promote the 
progression of HNSCC by regulating the secretion of IL6, 
IL8, and the other cytokines (47). Therefore, CXCL8 has 
the potential to regulate the crosstalk between stromal cells 
and OSCC. CCL2, which is expressed in both cancer and 
stromal cells, recruits the macrophages during acute inflam‑
mation by binding to CCR2, a process that can regulate the 

immunoreactivity of the TME (48,49). The results of a recent 
study indicated that CCL2‑mediated inflammation increases 
the risk of breast cancer (50). CCL2 also mediates the cross‑
talk between breast cancer and stromal cells that regulate the 
breast cancer stem cells (51). Thus, CCL2 plays a significant 
role in the TME of multiple cancer types, and has the potential 
to regulate the crosstalk between stromal cells and OSCC. 
CXCL1, which is expressed in both cancer and stromal cells, 
regulates cancer progression by binding to CXCR2 (52,53). 
A recent study indicated that CXCL1 in CAFs promoted the 
proliferation of ovarian cancer by the activation of p38 (54). 
TGF‑β and IL1B regulate the progression of breast cancer and 
OSCC by regulating CXCL1 in CAFs respectively (55,56). 
Therefore, CXCL1 in stromal cells has the potential to regu‑
late the progression of OSCC. MAPK3 (also known as ERK1) 
plays a significant role in the progression of multiple types of 
cancer (57,58). The results of a recent study suggested that 
the crosstalk between cancers and stromal cells is suppressed 
upon ERK1/2 inhibition in cancer‑associated pancreatic stel‑
late cells (59). Therefore, MAPK3 also plays a significant role 
in the crosstalk between cancer and stromal cells, and has the 
potential to mediate the crosstalk between stromal cells and 
OSCC. PIK3CA (also known as PI3K) plays a significant role 
in the progression of OSCC (60,61). However, to the best of 
our knowledge, no study to date has investigated the role and 
function of PIK3CA in the crosstalk between stromal cells and 
OSCC.

In conclusion, the present study demonstrated that 
VSCC‑SCs promoted the differentiation, proliferation, inva‑
sion and metastasis of OSCC, while the SCC‑SCs inhibited 
differentiation and promoted the proliferation, invasion and 
metastasis of OSCC. Compared with the VSCC‑SCs, the 
SCC‑SCs exerted an inhibitory effect on the differentiation 
and exerted a more potent promoting effect on the prolifera‑
tion, invasion and migration of OSCC. Finally, CXCL8, CCL2, 
CXCL1, MAPK3 and PIK3CA in VSCC‑SCs and SCC‑SCs 
may regulate the progression of OSCC, and ICAM1, IL1B, 
FOS, BMP4, INS and NGF may underlie the differential 
effects of VSCC‑SCs and SCC‑SCs on the differentiation of 
OSCC. These findings may describe a potential regulatory 
mechanism in the progression of OSCC.
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