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BACKGROUND: Cancer-associated fibroblasts (CAFs)
are generally associated with negative prognostic factors.
This study compares the clinicopathologic impact of
CAFs in oral squamous cell carcinoma in patients with a
history of proliferative verrucous leukoplakia (p-scca) and
patients with conventional squamous cell carcinoma of
the buccal mucosa, gingiva, and palate (c-scca).
METHODS: A retrospective clinicopathologic and immu-
nohistochemical analysis of 97 tumor specimens from 78
patients (13 patients with proliferative verrucous leuko-
plakia-associated squamous cell carcinoma (n = 32) and
conventional squamous cell carcinoma from the buccal
mucosa, gingiva, and palate (n = 65) was conducted. Immu-
nostaining with anti-alpha-smooth muscle actin (x-SMA)
antibody was used to evaluate the presence of CAFs.
RESULTS: a-SMA expression was an infrequent finding in
p-scca and seen in only 6% of p-scca compared to 40% of
c-scca (P < 0.0004). In the c-scca subgroup, a-SMA signif-
icantly correlated with tumor size (T) (P = 0.009), tumor
thickness (P < 0.0009), perineural invasion (P = 0.009),
and microscopic grade (P = 0.018).

CONCLUSIONS: The presence of CAFs was an infre-
quent finding in our p-scca cohort which may contribute
to its seemingly slower growing and less invasive growth
pattern. In the cohort of c-scca patients, higher levels of
CAFs correlated with microscopic invasiveness, tumor
size, and perineural invasion. Practically, these are
important observations as targeting strategies are being
developed to combat carcinoma types where CAFs
significance has been validated.

J Oral Pathol Med (2017) 46: 353358

Keywords: alpha-smooth muscle actin; cancer-associated fibrob-
lasts; microenvironment; oral squamous cell carcinoma; prolifer-
ative verrucous leukoplakia

Correspondence: Sharon Akrish, Yahalom 2, Caesarea 38900, Israel. Tel:
+972 504967349, Fax: +972 4 6100013, E-mail: sjakrish@gmail.com
Accepted for publication September 22, 2016

Introduction

Oral cancer (OSCC) represents 2.8% of all new cancer cases
in the United States with an estimated 5-year survival of 83%
for localized disease, 47% for OSCCA that presents with
lymph node metastasis, and 18% for OSCCA that presents
with a distant metastasis (1). Increasing evidence seems to
indicate that OSCCA is a heterogeneous disease rather than a
single entity with clinically relevant subtypes (2, 3).

Within the oral cancer community, there is a unique
subgroup of patients who develop OSCCA with a prior
history of proliferative verrucous leukoplakia (PVL). PVL, a
‘potentially malignant disorder’ is a unique type of oral
leukoplakia that presents in multiple sites within the oral
cavity and is highly difficult to treat, resulting in multiple
recurrences over a time span of many years (4-6). PVL
presents clinically in a progressive series of stages. Initially,
the lesions appear innocuous and are indistinguishable
clinically from leukoplakia. The second developmental
stage is clinically exophytic lesions, diagnosed microscop-
ically as verrucous hyperplasia and/or verrucous carcinoma
(4-6). In the later stages, over 74% of patients with PVL
will experience multiple and multifocal incidences of
OSCCA, particularly on the gingiva, palate, and buccal
mucosa (5, 6). The diagnosis is retrospective because the
early stages lack identifiable microscopic or clinical features
that can distinguish PVL from other clinically similar
lesions. In a previous study, we compared the clinicopatho-
logical features of OSCCA arising in PVL patients (p-scca)
with conventional buccal mucosa, gingival, and palatal
OSCCA (c-scca) and discovered that p-scca patients seem to
present with more favorable prognostic features and longer
duration of illness (DOI). Based on the results of this earlier
study, we suggested that p-scca should be considered a
separate clinical entity (6).

Current treatment strategies for treating OSCCA include
wide tumor resection with supplement radiotherapy and/or
chemotherapy for a subset of patients with negative clinical
features such as lymph node metastasis and/or positive
surgical margins (7). Designing new treatment strategies
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such as targeted and molecular-based treatments may
improve patient outcome. In the last two decades, we have
discovered that cancer is a complex and heterogeneous
disease that involves a complex network of communication
between the malignant cancer cells and non-malignant cells
found within the supportive microenvironment surrounding
the tumor. Heterotypic signals originating within the
stroma activate a variety of growth factors that stimulate
the resident fibroblasts into becoming ‘cancer-associated
fibroblasts’ (CAFs) (8). CAFs, a subpopulation of cells of
various origins with diverse functions, are implicated in a
variety of negative properties associated with cancer
behavior (9-11). Unlike quiescent fibroblasts, activated
fibroblasts (myofibroblasts) may be identified by their
wide-spread expression of alpha-smooth muscle actin
(a-SMA) (8). Myofibroblasts are a rich source of chemoki-
nes, cytokines, inflammatory mediators, extracellular pro-
teins, and extracellular matrix degrading proteases [matrix
metalloproteinases (MMPs)] (8). In malignancies, these
myofibroblasts, also known as CAFs, are capable of
providing the necessary tools for inducing angiogenesis,
local invasiveness, and metastasis (12—14). Practically,
recent investigations have shown that (CAF)-specific
proteins serve as both prognostic markers and targets for
anticancer drugs (15).

This study was initiated to explore the presence of CAFs
in two subgroups of oral cancer patients (c-scca and p-scca)
and correlate its expression with various clinicopathological
characteristics to try and determine the role of the tumor
microenvironment in driving PVL and non-PVL-related
carcinomas.

Materials and methods

Data collection

The patient cohort consisted of two oral cancer subgroups
treated at Rambam Medical Center of Haifa, Israel from
1990 to 2015: (i) c-scca from the buccal mucosa, gingiva,
and palate and (ii) patients retrospectively diagnosed with
PVL who developed squamous cell carcinoma (p-scca). The
inclusion criteria were patients treated with tumor resection
and confirmation of lymph node status by way of a neck
dissection or PET scan and available for immunohisto-
chemical analysis. This represents an expansion and update
of a previously existing cohort including patients with the
same criteria from 1990 through 2012 (6) and includes
follow-up data as of July 1, 2016. The study was approved
by the IRB of Rambam Medical Center. Medical records
following a process of anonymization for data collection
were retrieved from the department archives. There were 13
PVL patients that presented with 52 p-scca of which 32
fulfilled the inclusion criteria and were included in the study
and 65 cases of c-scca. The overall cohort consisted of 97
tumors. PVL was diagnosed retrospectively by at least two
experienced oral pathologists according to the criteria set
forth by Batsakis, et al. (16): a history of multiple, white
homogenous lesions (hyperkeratosis with/without lichenoid
features) that recurred and progressed to an exophytic lesion
(papillary hyperplasia/verrucous carcinoma) that eventually
dedifferentiated to a squamous cell carcinoma. The included
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patients were staged according to the 1997 International
Union against Cancer classification (TNM). Stages I and II
were considered early stage and stages III and IV, late-stage
patients. Clinical outcomes were measured by the following
endpoints: (i) loco regional disease control expressed by
loco regional recurrence, second primary tumors and/or
cervical and distant metastasis. (ii) overall survival. Data
regarding cause of death were grouped as follows: (i) dead
of disease (DOD) which represented the patients with whom
their oral malignancy was the major component of the cause
of death. DOD was indicated whether the patients’ time of
death occurred during or within 3 months of active
treatment for their tumor. (ii) censored patients were those
lost to follow-up or those who died of unrelated causes.
Treatment options included surgery and neck dissection,
with or without adjuvant treatment (radiotherapy, radio-
chemotherapy, or chemotherapy alone). Twenty-nine of 97
(36%) patients received adjuvant therapy. Follow-up time
was a minimum of 6 months and up to 15 years with an
average 30.9 £+ 32.8 months.

Microscopic data collection and immunohistochemical
analysis

Microscopic analysis was conducted retrospectively. Paraf-
fin-embedded tumor blocks of all 97 p-scca and c-scca cases
that were resected between 1990 and 2015 were retrieved
from the archives of the department of pathology at Rambam
Medical Center. The paraffin-embedded blocks were
sectioned in 4-pm-thick slides and stained with H&E. For
immunohistochemical analysis of CAFs (identified by
o-SMA), 4 pm-thick sections were deparaffinized and
immunostained with anti-alpha-smooth muscle actin
(-SMA) antibody (Dako A/S, Glostrup, Denmark) at a
dilution of 1:100, in a Ventana Benchmark automatic stainer.
The streptavidin—biotin peroxidase complex (SABC) method
was used by means of an automatic stainer (Ventana,
benchmark system). The rich vasculature network within
the examined tumor cases served as an internal control.

Scoring of immunohistochemistry

The quantity and pattern of CAFs expression for each stained
section was evaluated blindly by two experienced oral
pathologists and used a four-scale scoring system based on
the method proposed by Bello et al. (17) with some modest
modifications. (iv) Score 4: dense overlapping of myofibrob-
lasts distributed throughout the tumor predominately of
epithelioid morphology, with essentially no distinct border
with the scca. (iii) Score 3: similar to grade 4, somewhat less
dense, or myofibroblasts not distributed throughout the entire
tumor. (ii) Score 2: predominately spindle, less dense with a
clear border between the myofibroblasts and the scca and not
distributed throughout the entire tumor. (i) Score 1: no
staining or staining with either a spindle or epithelioid
morphology in a focal pattern. Scores 1 and 2 were
considered negative/weak staining, score 3 moderate stain-
ing, score 4 strong staining. Blood vessel walls served as
positive internal controls for a-SMA staining in each case.
Cells were considered positive for o-SMA if there was
intracytoplasmic staining, regardless of its intensity. CAFs
were distinguished from microvessels based on the CAFs



spindle-shaped morphology. The evaluation of o-SMA
expression was conducted at the invasive front of the SCCA.
CAFs, noted by a-SMA expression, was calculated and
analyzed for its association with various microscopic char-
acteristics including tumor thickness, tumor grade, and
perineural invasion. Tumor thickness was defined as the
measurable distance from the surface epithelium to the
invasive tumor front. Measuring tumor thickness for exo-
phytic tumors was performed according to the methods
recommended by Woolgar and Scott (18) and defined by the
surface line of the surrounding healthy mucosa. CAFs, noted
by a-SMA expression, was calculated and analyzed for its
association with various clinical characteristics including
TNM stage (tumor size, lymph node metastasis, and distant
metastasis) and overall survival.

Statistical analysis

Variables measured included incidence rate, clinical stage
(TNM; tumor size, lymph node metastasis and distant
metastasis), survival and microscopic features such as
microscopic grade, perineural invasion, and depth of
invasion (tumor thickness). Associations between the levels
of a-SMA staining and discrete clinicopathological vari-
ables were tested using the chi-square test or the Fisher
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correction for multiple hypotheses. Two-tailed P-values of
0.05 or less were considered statistically significant.

Results

Patient cohort

Refer to Table 1 for details on the -clinicopathologic
variables and their correlation to survival. In the c-scca
subgroup (n = 65), there were 34 males (mean age
65 £ 119 years) and 31 females (mean age
71 + 11.8 years) and the specific location included gingiva
and palate (n = 38) and buccal mucosa (n = 27). Twenty-
one (32%) patients had a history of smoking. In the p-scca
subgroup (n = 13 patients with n = 32 tumors), there were
five males (mean age 58 + 13.7 years) and eight females
(mean age 68 £ 19 years) and the specific location
included gingiva/palate (n = 15), buccal mucosa (n = 15),
and dorsal tongue (n = 2). Four (31%) patients had a history
of smoking.

oa-SMA expression

Statistically significant differences in o-SMA expression
was noted between the two groups as its expression was an
infrequent finding in the p-scca subgroup (P < 0.0002).
P-scca a-SMA expression is as follows: negative, weak

exact test as needed with the Benjamini—-Hochberg expression (n = 30/32; 94%), and moderate-strong
Table 1 Correlation between SMA expression and clinicopathologic features in the total patient cohort
P-scca
C-scca n= 32
— : 5 year dead
n= 065 13 patients (to%}al cohort)
Scores 1-2 Scores 3-4 Scores 1-2 Scores 3-4 n=28
N % N % *P-value N % N % N %
Epidemiology Gender Male 18 28 13 20 NA 4 30 1 8 13 46
Female 23 35 11 17 7 54 1 8 15 53
Age <65 20 31 8 12 NA 6 46 1 8 11 39
>65 21 32 16 25 5 39 1 8 17 45
Smoker Yes 11 17 10 15 NA 2 15 2 15 10 36
No 30 46 14 22 9 70 0 0 18 64
Clinical TNM stage 1 16 25 2 3 0.03 20 62 0 0 2 7
2 19 29 4 7 3 9 1 3 6 21
3 5 8 7 5 7 21 1 3 9 32
4 11 17 10 15 0 0 0 0 11 39
Tumors size 1 19 29 3 5 0.009 19 59 1 3 2 7
2 15 23 6 9 5 16 0 0 8 29
3 5 2 9 14 6 19 1 3 8 29
4 2 3 6 9 0 0 0 0 10 36
Lymph node metastasis Yes 14 22 10 0.4 0 0 0 0 14 50
No 28 43 13 30 94 2 6 14 50
Distant metastasis Yes 4 2 6 9 0.09 0 0 0 0 8 29
No 38 58 17 26 30 94 2 6 20 71
Microscopic Tumor grade Poor 2 3 7 11 0.018 1 3 0 0 7 25
Moderate 12 18 7 11 5 14 0 0 7 25
Well 28 43 9 14 24 75 2 6 14 50
Perineural invasion Yes 8 12 9 14 0.009 1 3 0 0 10 36
No 34 52 14 22 29 91 2 6 18 64
Tumor thickness (cm) <0.5 14 22 2 3 0.0009 23 71 1 3 9 32
0.5-0.7 22 34 5 8 5 16 1 3 10 36
>0.7 6 9 16 25 2 6 0 0 9 32
SMA and 5-year 16 57 12 43 >0.06 5 83 1 17

dead (c-scca)

*P value with the Benjamini—-Hochberg correction for multiple hypotheses.

*"Statistically significant differences in a-SMA expression was noted between the two subgroups (P < 0.0004).
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Figure 1 An example of an invasive SCCA with score 3 SMA expression
of the myofibroblasts showing overlapping of myofibroblasts with essen-
tially no distinct border with the SCCA.

Figure 2 An example of SCCA with score 2 SMA expression of the
myofibroblasts showing a predominately spindle, less dense staining
pattern.

expression (n = 2/32; 6%). C-scca a-SMA expression is as
follows: negative, weak expression (n = 39/65; 60%) and
moderate/strong expression (n = 26/65; 40%). Neither sub-
group in the total patient cohort strongly (score 4) expressed
o-SMA (Figs 1 and 2).

«-SMA expression and clinicopathological variables

SMA expression was an infrequent finding in the p-scca
subgroup, and its correlation with clinicopathologic param-
eters was not statistically significant.

Microscopic analysis (c-scca subgroup)

Deeply invasive tumors (tumor thickness), tumor grade, and
perineural invasion were significantly associated with mod-
erate o-SMA expression: tumor thickness (P < 0.0009):
>0.7 cm (n = 16/22; 73%), 0.5-0.7 cm (n = 5/27; 19%),
and <0.5 cm (n = 2/16; 12%); the presence of perineural
invasion (P = 0.009): (n = 11/17; 65%); and microscopic
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Figure 3 An example of an exophytic, superficially invasive buccal
mucosa SCCA (hematoxylin—eosin stain).

it

Figure 4 SMA staining of the same superficially invasive SCCA with
score 3 SMA expression of the myofibroblasts.

grade (P = 0.018): well differentiated (n = 9/37; 24%),
moderately differentiated (n = 7/12; 59%), and poorly
differentiated (n = 7/9; 78%) (Figs 3 and 4).

Clinical outcome and survival (c-scca subgroup)

Tumor stage (TNM) was significantly associated with
moderate o-SMA expression (P = 0.03): early stage
(n =7/32; 22%) and late stage (16/33; 48%). Tumor size
(T) was significantly associated with moderate o-SMA
expression (P = 0.009): T1 (n = 2/18; 11%), T2 (n = 4/14;
29%), T3 (n = 9/14; 64%), T4 (n = 6/8; 75%). Association
of a-SMA expression with survival, lymph node metastasis,
and distant metastasis was not statistically significant
(P > 0.05).

Discussion

Increasing evidence seems to indicate that head and neck
squamous cell carcinoma is a heterogeneous disease rather
than a single entity, with clinically relevant subtypes (2, 3).



One subgroup of oral cancer patients are those previ-
ously diagnosed with PVL who subsequently develop
OSCCA (p-scca). The majority of patients in this distinc-
tive subgroup experience unremitting recurrent and mul-
tiple malignant tumors, regardless of the treatment method,
over many years. In a previous 15-year retrospective
study, our data seemed to establish that patients with
p-scca, compared to c-scca, presented with more favorable
clinical and histologic features and unique epidemiological
characteristics. It was proposed that PVL-induced OSCCA
may represent a less aggressive subgroup of oral cancer
(6). Recent investigations indicate that the microenviron-
ment is capable of stimulating tumor growth and may
have prognostic significance. Practically, the presence of
CAF-specific proteins may be used as a prognostic marker
and a target for anticancer drugs so detecting CAFs in the
stroma of oral SCCA may potentially provide an addi-
tional therapeutic method with improved clinical outcome
(15).

In the current study, we analyzed and compared the
presence of CAFs in the two subgroups. Most p-scca tumors
presented on the gingiva, buccal mucosa, and palate so only
tumors from these locations were included in our study
(4-6). Myofibroblasts play important regulatory roles in
normal biologic processes such as biological wound healing
and embryogenesis (10). During wound healing, ker-
atinocytes at the border undergo a process known as
‘epithelial-mesenchymal transition’ (EMT) where they
transform into myofibroblasts which provide the migratory
and invasive properties required for re-epithelialization of
the wound (10).

The cancer microenvironment behaves with striking
resemblance to the biological wound site. Heterotypic
signals originating in the reactive stroma of carcinomas
impinge on neoplastic cells located at the outer edges and by
way of the EMT process, transform these cells into
myofibroblasts (CAFs) which provide the proliferative and
survival skills that favor tumorigenesis such as angiogen-
esis, local invasiveness, and metastasis (12—14).

Previous studies on CAFs and oral cancer found
incidence rates ranging from 60 to 84% (17, 19-22). In
our cohort of patients, only 6% of p-scca and 40% of c-scca
presented with moderate levels of stromal CAFs. Of the
total cohort, none presented with strong staining as
described by Bello et al. (17). In the p-scca cohort, CAF
levels were very low in both the superficially invasive
(75%) and deeply invasive tumors (25%). It can be argued
that only a minority of tumors were deeply invasive because
the patient was on close follow-up or it can be said that low
levels of stromal CAFs were partially responsible. Evidence
for the latter belief comes from samples in our study of
strong SMA expression in early invasive c-scca as well as
from previous studies that noted myofibroblasts the precur-
sors of malignant tumors which emphasizes the CAFs role
in the initiation of invasion (23). In fact according to some
studies, pre-invasion or early scca is the time myofibroblasts
are induced and their numbers increase with the clinical
stage (24). Previous studies on verrucous carcinoma and
intra-epithelial lesions from the breast, cervix, and oral
mucosa, malignancies that have not yet breached the
basement membrane, are reported to present with stromal
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CAFs (25). Our findings seem to indicate that targeting
CAFs may have potential for c-scca but little benefit for
p-scca patients.

There was a lower quantity and intensity of o-SMA
staining in our c-scca cohort compared to other studies
which may be explained by the fact that the majority of
reported studies focused on tongue cancer. Luksic et al. (20)
noted a similar finding and claimed that ‘tumors from the
gingiva and buccal mucosa were less likely than tongue
tumors to harbor CAFs’. It seems that CAFs interact with
tumor cells and other players in the tumor microenviron-
ment and affect the clinical outcomes in differential ways
according to the context, and tissue of origin.

CAFs and clinicopathologic features

Due to the low levels of CAFs in the p-scca cohort, our
clinicopathologic analysis was limited to the c-scca sub-
group only. Although the defined role of CAFs is poorly
understood, a myofibroblastic stroma has been reported to
correlate with adverse clinical outcome in several tumor
types including breast and colorectal cancer (26, 27). Our
findings, in agreement with others who analyzed CAFs in
oral cancer, seem to concur with this assertion (19, 20, 28).
Higher levels of stromal CAFs were a more common finding
in tumors with expanded growth such as greater clinical
tumor size (T stage) and microscopic tumor thickness, as
well as perineural invasion which may indicate that CAFs
are involved in this process.

The acquisition of local invasiveness and tumor growth
requires malignant epithelial cells to drastically alter their
characteristic morphology and gene expression pattern and
assume the shape and transcriptional characteristic of
mesenchymal cells because the organization of the epithe-
lial cell layers in normal tissues is incompatible with the
motility and the invasiveness displayed by malignant
carcinoma cells. Expression of cytokeratin and E-cadherin,
hallmarks of epithelial cell protein expression, is repressed
and replaced with the mesenchymal cell markers such as
o-SMA (11). CAFs also secrete proteolytic enzymes such
as MMPs that participate in the matrix degeneration
process which is required for cancer cell invasion (12,
25). Sobral, et al. (28) used ELISA and enzymography to
analyze the production and activity of MMPs in OSCCA
and found that myofibroblasts promote OSCCA invasion
through MMP elevation. CAFs also influence invasiveness
by secreting pro-invasive molecules into adjacent cancer
cells such as cytokines, inflammatory mediators, and
growth factors such as TGF-beta and hepatocyte growth
factor (HGF) (29).

Previous studies on tongue squamous cell carcinoma
claim that high CAFs levels are associated with decreased
survival (17, 19, 22, 28). In our cohort, higher CAFs levels
and a decreased survival rate were noted but could not be
confirmed statistically. In agreement with some yet not
others, our study failed to make an association of CAFs with
lymph node or distant metastasis (19, 20, 22, 30). Micro-
scopically, in disagreement with some, high CAFs’ levels
were associated with less differentiated tumors (20-22, 30).
These disparagies with other studies may be explained by
the lack of strong staining in our cohort which may be
location dependent.
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Conclusion

The presence of CAFs was an infrequent finding in our
p-scca cohort which may contribute to its seemingly slower
growing and less invasive growth pattern. In the cohort of
c-scca patients, higher levels of CAFs correlated with
microscopic invasiveness, tumor size, and perineural inva-
sion. Practically, these are important observations as
targeting strategies are being developed to combat carci-
noma types where CAFs significance has been validated.

References

1.

10.

11.

12.

13.

14.

15.

Howlader N, Noone A, Krapcho M, et al. SEER cancer
statistics factsheets: oral cavity and pharynx cancer. MD,
Bethesda: National Cancer Institute.

. Sathyan K, Sailasree R, Jayasurya R, et al. Carcinoma of

tongue and the buccal mucosa represent different biological
subentities of the oral carcinoma. J Cancer Res Clin Oncol
2006; 132: 601-9.

. Bell R, Kademani D, Homer L, et al. Tongue cancer: is there a

difference in survival compared with other subsites in the oral
cavity? J Oral Maxillofac Surg 2007; 65: 229-36.

. Reichart P, Philipsen H. Proliferative verrucous leukoplakia.

Report of five cases. Mund Kiefer Gesichtschir 2003; 7: 164-70.

. Bagan J, Jimenez Y, Anchis J, et al. Proliferative verrucous

leukoplakia: high incidence of gingival squamous cell carci-
noma. J Oral Pathol Med 2003; 32: 379-82.

. Akrish S, Ben-Izhak O, Sabo E, et al. Oral squamous cell

carcinoma associated with proliferative verrucous leukoplakia
compared with conventional squamous cell carcinoma - a
clinical, histologic and immunohistochemical study. Oral Surg
Oral Med Oral Pathol Oral Radiol 2015; 119: 318-25.

. Cooper J, Pajak T, Forastiere A, et al. Postoperative concurrent

radiotherapy and chemotherapy for high-risk squamous cell
carcinoma of the head and neck. N Engl J Med 2004; 350:
1937-44.

. Tomasek J, Gabbiani G, Hinz B, et al. Myofibroblasts and

mechanoregulation of connective tissue remodeling. Nat Rev
Mol Cell Biol 2002; 3: 349-63.

. Beacham D, Cukierman E. Stromagenesis: the changing face

of fibroblastic microenvironments during tumor progression.
Semin Cancer Biol 2005; 15: 329-41.

Kidd S, Spaeth E, Watson K, et al. Origins of the tumor
microenvironment: quantitative assessment of adipose-derived
and bone marrow-derived stroma. PLoS One 2012; 7: e30563.
Hinz B. Formation and function of the myofibroblast during
tissue repair. J Invest Dermatol 2007; 127: 526-37.

Kojc N, Zidar N, Vodopivec B, et al. Expression of CD34,
alpha smooth muscle actin, and transforming growth factor
betal in squamous intraepithelial lesions and squamous cell
carcinoma of the larynx and hypopharynx. Hum Pathol 2005;
36: 16-21.

Mader S, Goldstein I, Rotter V. Cancer associated fibroblasts-
more than meets the eye. Trends Mol Med 2013; 19: 447-53.
Yan J, Yang Q, Huang Q. Metastasis suppressor genes. Histol
Histopathol 2013; 28: 285-92.

Maor Y, Yu J, Kuzontkoski P, et al. Cannabidiol inhibits
growth and induces programmed cell death in kaposi sarcoma—
associated herpesvirus-infected endothelium. Genes Cancer
2012; 3: 512-20.

J Oral Pathol Med

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Batsakis J, Suarez P, El Nagger A. Proliferative verrucous
leukoplakia and its related lesions. Oral Oncol 1999; 35: 354—
9.

Bello I, Vered M, Dayan D, et al. Cancer-associated fibrob-
lasts, a parameter of tumor microenvironment, overcomes
carcinoma associated parameters in the prognosis of patients
with mobile tongue cancer. Oral Oncol 2011; 47: 33-8.
Woolgar J, Scott J. Prediction of cervical lymph node
metastasis in squamous cell carcinoma of the tongue/floor of
mouth. Head Neck 1995; 17: 463-72.

Kellermann M, Sobral L, da Silva S, et al. Myofibroblasts in
the stroma of oral squamous cell carcinoma are associated with
poor prognosis. Histopathology 2007; 51: 849-53.

Luksic I, Suton P, Manojlovic S, et al. Significance of
myofibroblast appearance in squamous cell carcinoma of the
oral cavity on the occurrence of occult regional metastasis,
distant metastasis, and survival. Int J Oral Maxillofac Surg
2015; 44: 1075-80.

Etemad-Moghadam S, Khalili M, Tirgary F, et al. Evaluation
of myofibroblasts in oral epithelial dysplasia and squamous
cell carcinoma. J Oral Pathol Med 2009; 38: 639—43.

Ding L, Zhang Z, Shang D, et al. a-Smooth muscle actin-
positive myofibroblasts, in association with epithelial-
mesenchymal transition and lymphogenesis, is a critical
prognostic parameter in patients with oral tongue squamous
cell carcinoma. J Oral Path Med 2014; 43: 335-43.

Mareel M, Madani I. Tumour-associated host cells participat-
ing at invasion and metastasis: targets for therapy? Acta Chir
Belg 2006; 106: 635-40.

Marsh D, Suchak K, Moutasim K, et al. Stromal features are
predictive of disease mortality in oral cancer patients. J Pathol
2011; 223: 470-81.

Paral M, Taxy J, Lingen M. CD34 and alpha smooth muscle
actin distinguish verrucous hyperplasia from verrucous carci-
noma. Oral Surg Oral Med Oral Pathol Oral Radiol 2014;
117: 477-82.

Tsujino T, Seshimo I, Yamamoto H, et al. Stromal myofi-
broblasts predict disease recurrence for colorectal cancer. Clin
Cancer Res 2007; 13: 2082-90.

Surowiak P, Murawa D, Materna V, et al. Occurrence of
stromal myofibroblasts in the invasive ductal breast cancer
tissue is an unfavourable prognostic factor. Anticancer Res
2007; 27: 2917-24.

Sobral L, Zecchin K, Nascimento de Aquino S, et al. Isolation
and characterization of myofibroblast cell lines from oral
squamous cell carcinoma. Oncol Rep 2011; 25: 1013-20.
Schmitt-Graff A, Desmouliere A, Gabbiani G. Heterogeneity
of myofibroblast phenotype features: an example of fibroblas-
tic cell plasticity. Virchows Arch 1994; 425: 3-24.

Fujii N, Shomori K, Shlomi T, et al. Cancer-associated
fibroblasts and CD163-positive macrophages in oral squamous
cell carcinoma: their clinicopathological and prognostic
significance. J Oral Pathol Med 2012; 41: 444-51.

Conflict of interest

None declared.

Funding

There are no funding sources that supported this work.



