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ABSTRACT

Background: Squamous cell carcinoma grows in a complex and dynamic stroma. This
microenvironment provides all the necessary stimuli for tumor viability, growth and invasiveness.
COX-2 is upregulated during both inflammation and cancer. CD163, a marker of M2 macrophages
(Tumor associated macrophages- TAMs), has been studied in several aggressive tumors. The

increased expression of CD163 was associated with a poor overall survival in various cancers.

Aims of the Study: The present study aimed to correlate the inflammatory signals presented
by COX-2 immunoexpresion with tumor associated macrophages expressing CD163 in different
grades of OSCC.

Materials and methods: Immunohistochemical expression of COX-2 and CD163 was
evaluated in 30 cases of different grades of OSCC.

Results: The mean difference between the well-differentiated level and the moderately
differentiated level of COX-2 and CD 163 was statistically insignificant, while that between the
well- and poorly differentiated and between the moderately and the poorly differentiated were
highly statistically significant.

Conclusions: inflammatory signals presented by COX-2 immunoexpression and TAM
(CD163+ cells) were elevated with increased tumor grade.
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INTRODUCTION cell carcinoma grows in a complex and dynamic
Oral squamous cell carcinoma (OSCC) is Stroma. This microenvironment provides all the

one of the most prevalent cancers. Its five year necessary stimuli for tumor viability, growth and

survival rate has not improved greatly”. Squamous  invasiveness'?.
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Virchow, in 1867, was the first to describe the
role of inflammation in cancer progression. It
is well admitted that the link between chronic
inflammation and cancer involves cytokines and
mediators of inflammatory pathways, which act
during the different steps of tumorigenesis. The
cyclo-oxygenases (COXs) are a family of enzymes
involved in inflammation'®#!,

COX-2 is upregulated during both inflammation
and cancer, which was described to modulate cell
proliferation and apoptosis, mainly in solid tumors.
It catalyzes the rate limiting steps of prostaglandin
E2 (PGE2) biosynthesis from arachidonic acid
which is released from the plasma membrane
during inflammatory processes3,

There is a correlation between tumor growth
and prostaglandin biosynthesis. Tumorigenesis
is characterized by a disequilibrium between cell
proliferation and cell death. PGE2 is able to inhibit
apoptosis through the upregulation of Bcl-2. Added
to that, PGE2 can upregulate the level of vascular
endothelial growth factor (VEGF) and lead to
activation of mitogen-activated protein kinases ',

Altogether, these data suggest that PGE2 and
COX-2 play an important role in tumor progression
by enhancing cell proliferation, cell survival and
tumor invasion'!.

Within the cancer milieu, tumor infiltrating
immune cells play an important role in anticancer
immunity. Macrophages are involved in various
aspects of host defense mechanisms and
pathophysiological conditions, such as chronic
inflammatory diseases and cancer®. The functions
of tumor-associated macrophages (TAMs) within
the tumor site are various. Previously, TAMs were
believed to exhibit antitumor activity by exerting
direct cytotoxic effects on tumor cells and also by
phagocytosing apoptotic cells and waste products!.

However, many recent studies have indicated
the protumoral functions of TAMs!'“3I. Now, it
became clear that monocytes can differentiate into
“friendly” M1 macrophages, which initiate tumor
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rejection by releasing tumoricidal products, such
as reactive oxygen intermediates (ROI), which kill
tumor cells or “foe” M2 (CD163+) macrophages,
which stimulate tumor growth, metastasis and
angiogenesis!.

CD163, a marker of M2 macrophages, has
been studied in several aggressive tumors, and the
increased expression of CD163 was associated with
a poor overall survival in various cancers.

The present study aimed to correlate the inflam-
matory signals presented by COX-2 immunoexpre-
sion with tumor associated macrophages expressing
CD163 in different grades of OSCC.

MATERIALS AND METHODS

Immunohistochemical techniques using
monoclonal antibodies to the specific isoenzymes
COX-2 and CD163 were employed in this study.
Paraffin blocks were cut at four micrometer thick
sections were mounted on positively charged
glass slides. Sections were deparaffinized with
xylene and rehydrated in graded alcohol. Sections
were immersed in citrate buffer and treated in a
microwave before the staining procedures. For
immunostaining, a universal kit (Lab Vision, USA)
was used. Peroxidase-antiperoxidase method of
immunostaining using the biotin-streptavidin system
was carried out. 3% hydrogen peroxide was applied
to the section to block endogenous peroxidase
activity. The sections were immunolabelled using
the primary antibodies COX-2 and CD163 (Lab
Vision, USA) and then incubated overnight at
room temperature. After rinsing with phosphate
buffer saline (PBS), sections were covered by the
link antibody, followed by streptavidin labeling
antibody. After rinsing with PBS, diaminobenzidine
chromogen was applied to the sections followed
by the counterstain. Sections were dehydrated in
graded alcohol, cleared in xylene and mounted.

All the steps for immunohistochemical quanti-
tative evaluation were carried out on photomicro-
graphs captured at a magnification of X20 using im-
age analysis software (Image J, 1.41a, NIH, USA).
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Statistical package, IBM SPSS Statistics 22.0™ ,
was utilized for the analysis of the area fraction
results for both COX-2 and CD163 antibodies.
One-way ANOVA followed by Tukey post-hoc tests
were used for the comparison between the means
of the different grades of both COX-2 and CD163
antibody. Also, the correlation between the grades
of the COX-2 antibody and its corresponding
CD163 antibodies grades were tested
coefficients of correlation calculated. All statistical
analyses were calculated at a 0.05 significance level
(p-value of 0.05)

and

RESULTS
Immunohistochemical Results

COX-2

Immunohistochemical staining with monoclonal
antibody against COX-2 was assessed. The positive
reaction was brown in color, granular in nature
and both nuclear and cytoplasmic in localization.
All the 30 cases (100%) of various grades of
OSCC examined in this study showed COX-2
immunopositivity (figs. 1:A,B,C).

In well and moderately differentiated OSCC,
some of the malignant epithelial cells forming
cell nests and keratin pearls revealed positive
COX-2 immunostaining. The reaction was
cytoplasmic, yet it should be noted that some of the
immunopositive cells exhibited both cytoplasmic
and nuclear immunoreactivity. There was focal
immunopositivity around the cell nest for COX-2
in the connective tissue cells. The immunopositive
stromal cells revealed cytoplasmic and nuclear
immunoreactivity (fig.1:A,B).

In poorly differentiated OSCC, the individual
malignant epithelial cell exhibited mainly
cytoplasmic immunoreactivity and only a few
cells showed cytoplasmic and nuclear reactions.
There was focal immunopositivity for COX-2 in
the connective tissue cells. The immunopositive
stromal cells revealed cytoplasmic and nuclear
reactions (fig. 1:C).
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CDI163

Immunohistochemical staining with monoclonal
antibody against CD163 was assessed. The positive
reaction was brown in color, granular in nature
and both nuclear and cytoplasmic in localization.
All the 30 cases (100%) of various grades of
OSCC, examined in this study showed CD163
immunopositivity (figs. 1:D,E,F).

In well and moderately differentiated OSCC, the
distribution of the immunopositive cells was mainly
in the connective tissue stroma. The immunoposi-
tive stromal cells exhibited granular cytoplasmic
and nuclear immunopositivity. There were few
malignant epithelial cells exhibiting cytoplasmic
CD163 immunoreactivity (figs. I:D,E).

In the poorly differentiated OSCC, the immu-
noreactivity was more diffuse than in the well and
moderately differentiated OSCC. The expression
was mostly noted in the stromal cells. The positive
reaction was granular in nature, cytoplasmic and
nuclear in localization (fig.l:F).

Statistical results

COX-2 and CD 163 Results

The mean and standard deviation of the three
grades (well-, moderate - and poorly differentiated
OSCQ) are listed in table I and fig. 2.

One-way ANOVA test was used for the
simultaneous comparison between the expression
of both COX-2 and CD163 in the three grades of
OSCC, and the differences between the mean of
the three grades was found to be highly statistically
significant at a p-value of less than 0.001 (fable
2). Meanwhile, Tukey post-hoc test was used for
the multiple comparisons between each pair of
the grade levels of COX-2 and CD163. The mean
difference between the well-differentiated level and
the moderately differentiated level of COX-2 was
statistically insignificant at a p-value of 0.289 and
p-value of 0.601 for CD163, while, that between
the well- and poorly differentiated and between
the moderately- and the poorly differentiated were
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Fig. (1) Photomicrographs of COX-2 in well, moderate and poorly differentiated OSCC (A,B,C) and CD163 in well, moderate
and poorly differentiated OSCC (D,E,F). The black arrows show nuclear and cytoplasmic COX-2 immunopositivity in
malignant epithelial cells. The red arrows show cytoplasmic COX-2 immunopositivity in malignant epithelial cells. The
yellow arrows show nuclear and cytoplasmic COX-2 immunopositivity in some of the stromal cells. The green arrows show
nuclear and cytoplasmic CD163 immunopositivity in the stromal cells while the blue arrows show CD163 immunopositivity
in few individual malignant epithelial cells. (Orig. Mag. X40)
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highly statistically significant at p-values less than
0.001 (table 3).

TABLE (1) Mean and standard deviation of the area
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TABLE (3) Tukey post-hoc test for the pair-wise

comparison between the different grades
using COX-2 and CD 163

i i COX-2 CD 163
fraction for different grades of OSCC |y .4 0 Level () o -
using COX-2 and CD163. “vatde “vatae

Well Moderate 0.289 0.601
COX-2 Mean N (Sltal-l(tlrd Well Poorly <0.001 <0.001
cviation Moderate | Well 0.289 0.601
Well differentiated OSCC 0.3529 | 10 03172 Moderate Poorly <0001 <0001
Moderately differentiated 19237 10 0.8971 Poorly Well <0.001 <0001
0OsccC
Poorly Moderate <0.001 <0.001
Poorly differentiated OSCC | 6.9704 10 3.8373
Standard (s A
CD 163 Mean N L.
deviation 7
Well differentiated OSCC 1.5778 10 0.6613 &
5
Moderately differentiated
2.3722 10 1.0871 4
oscc
3
Poorly differentiated OSCC | 7.4067 10 29013 >
B |
—

TABLE (2) One-way ANOVA results of the area
fraction for the different grades of OSCC
using COX-2 and CD 163

Sum of .
COX-2 P-value | Significance
squares
Between Groups | 239.093 | <0.001 S
Within Groups 140.672
Total 379.765
Sum of .
CD 163 P-value | Significance
squares
Between Groups | 199.844 | <0.001 S
Within Groups 90.330
Total 290.175

Well differentiated
oscc

Poorly differentiated
oscc

Moderately
differentiated OSCC

B COX-2 ECD163
- J

Fig. (2) Mean of the immunopositivity of COX-2 and CD163 in
the different grades of OSCC

Correlation between COX-2 and CD163

Correlation between the different grades of
COX-2 and the corresponding CD163 grades were
investigated (fable 4). The well-differentiated grades
for COX-2 and the corresponding CD163 grades
were highly correlated with r = 0.954. Also, a high
correlation between the moderately-differentiated
grades of both COX-2 and CD163 was found with
r=0.994. Again, the poorly differentiated grades of
COX-2 and CD163 were highly correlated, with r =
0.967 (fig. 3).
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TABLE (4) Correlation between COX-2 and CD163
in different grades of OSCC

Compared Coefficient of L.
. . P-value | Significance
pair level correlation, r
Well
differentiated 0.954 <0.001 S
osccC
Moderately
differentiated 0.994 <0.001 S
0OSCC
Poorly
differentiated 0.967 <0.001 S
OSCC
( Correlation between COX-2 and CD163 N
i W C0x2MD
I cox2PD
4 (D 163WD
(D 163MD
10
[ D 163PD
s —w———F——Fr--- BB Linear (COX-2 MD)
6
4
, [
0281 0055 028 0262 084 09%5 0191 0026 018 042

Fig. (3) COX-2 vs. CD 163 in different grades of OSCC

DISCUSSION

Squamous cell carcinoma (SCC) in the head and
neck region occurs primarily in the oral cavity and
oropharynx and is generally regarded as a disease of
the elderly. OSCC represents 95% of all forms of
head and neck cancer, and during the past decade its
incidence has increased™?.

A connection between inflammation and the
development of cancer has been studied heavily
over the years. Epidemiological data indicate a
link between inflammation and a predisposition for

cancer developmentH®!,
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Nevertheless, there is still debate about the impact
of inflammation on cancer. Some researchers stated
that inflammation correlates negatively with cancer
stage and prognosis #1248 The role of inflammation
has first come to attention when the use of non-
steroidal anti-inflammatory drugs (NSAIDs) helped
in the prevention of spontaneous tumor formation
in people with familial adenomatous polyposis' .

COX-2 is an inflammatory marker. The relation-
ship between COX-2 expression and tumor differ-
entiation in SCCs is still controversial. In the lungs,
esophagus and larynx, it was reported that COX-2
expression was elevated in well-differentiated car-
cinomas more than in poorly differentiated ones!2.
Other studies showed that there was no correlation
between the expression of COX-2 and the grade of
malignancy. Itoh S. et al.(2003)*", Pandey M. et
al. (2008)22 and Goulart J. et al. (2009)23 docu-
mented that no significant difference was observed
in COX-2 expression between different grades of
OSCC.

On the other hand, Urade M.(2008)**reported
that more undifferentiated SCCs (histological grade
III) had a significantly higher COX-2 expression
than grade I or II cases. Another study, as well,
showed that a differentiation-inducing agent caused
promotion of cell differentiation and suppression of
cell growth and COX-2 expression(#4,

There are several contradicting results regarding
COX-2 expression and its correlation to SCC grade,
that is why this study attempted to re-evaluate this
correlation.

Recently, tumor microenvironment (TME)
has been the focus of intense research. TME
compromises several connective tissue components,
among which are the recently described CAFs and
TAMs. Zaynagetdinov R. et al. (2011)*!, Zhang
J. et al. (2015)2 Guo Q. et al.(2016)1% and Yang
L. and Zhang Y. (2017)"4suggested that TAMs are
positively correlated with the histological grade of

malignancy and the number of cancer stem cells
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(CSCs) found. TAMs are commonly identified by
expression of CD163, CD204 or CD20614-21,

In the present study, COX-2 and CD163
expressions were evaluated and correlated with
different tumor grades of OSCC. This study also
correlated the expression of COX-2 and CD163
to evaluate their association with each other in the
different tumor grades of OSCC.

COX-2 expression in this study was similar to the
above-mentioned studies where the immunopositive
malignant epithelial cells exhibited a cytoplasmic
reaction. However, it was noted - in this study- that
there was nuclear expression of COX-2 in some of
the malignant epithelial cells and that the number of
cells with nuclear expression decreased in tumors
with advanced grade. This may be an important
point to consider as not just the number of positive
cells but also the localization of COX-2 may be a
prognostic factor.

Nagatsuka M. et al. (2012)* noted that the
expression of COX-2 was intense and diffuse
in poorly differentiated OSCC, while well and
moderately differentiated OSCC showed local
staining around nests. Chiu H. et al. (2017)* noted
that COX-2 expression in stromal cells, including
macrophages, some neutrophils, fibroblasts and
vascular endothelial cells, was stronger at the
edge of the lesion and also noted that COX-2 was
expressed homogeneously in the cytoplasm of all
OSCC grades, as in the study by Shirahama T. and
Sakaakura C. (2001)3%,

Parafenova H. et al.(2001)3, revealed in their
study that stimulation of cells from quiescent state
trafficking of COX-2 from
the nucleus to the cytoplasm which may indicate

coincided with the

an impact of COX-2 localization on cellular gene
expression.

The results of this study showed that the
expression of COX-2 was significantly higher in
the poorly differentiated OSCC than the well and
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moderately differentiated ones. This result was
consistent with those of Masferrer J. et al. (2000)
1321 Renkonen J. et al. (2002)53, Shibata M. et al.
(2005)134 Urade M. (2008)2¢/, Nagatsuka M. et al.
(2012)28and Chiu M. et al. (2017)™1, who proved
that increased COX-2 expression correlated to the
histological grades of the tumor.

A similar correlation between tumor grade and
COX-2 expression was observed in this study.
Nevertheless, it should be noted that the increased
COX-2 expression in the moderately differentiated
OSCC over the well differentiated OSCC was
statistically insignificant in this study.

The variation in expression may be due to the
fact that the expression of COX-2 during oral
carcinogenesis may depend on the developmental
stage of the tumor, as well as, etiologic factors such
as the type of mutation and distinct types of injuries
affecting different regions2”.

Increased COX-2 expression in high grade
OSCC noted in this study may be due to the fact
that the malignant epithelial cells secrete factors
like IL 10, MMP 2, MMP 9, MMP 13, ROS ,VEGF,
CXCL1, CXCL8, PDGF, IL-8, FGF-2, TGF-p,
TNF-a, IL-1and granulocyte — macrophage colony
(GMCSF)® These
induce inflammation with COX-2 production in

stimulating  factor factors
turn. Moreover, constitutive activation of NF-xB
reported in OSCC, further enhances the expression
of pro-inflammatory cytokines, such as interleukin
(IL)-1a., IL-6 and IL-8 with subsequent increase in
COX-2 expression®,

Anotherreason may be the factthat, as the severity
or grade of the cancerous condition increases, there
is alteration in the levels of p53, a tumor suppressor
gene which increases COX-2 expression'®.,

It may also be argued that conversely COX-2 is
a contributing factor in the increased tumor grade
and metastasis seen in OSCC. This may take place
through direct or indirect mechanisms2®, directly
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through promoting mitotic activity and conversion
of pro-carcinogens to carcinogens and indirectly
through increasing the blood vessels in the TMER2.

Moreover, Li M. et al. (2015)7 recently docu-
mented that TAMs in the TME can express COX-
2 which results in increased proliferation, survival
and increased angiogenesis and hence tumor grade.
This is due to the over-expression of PGE2 with
subsequent increase in Bcl-2 and c-AMPR” which
activate kinases such as PKA or PI3K and inhibi-
tion of GSK3 leading to activation of the B-catenin,
eventually increasing tumor grade®,

Whether poorly differentiated OSCC increases
COX-2 expression or COX-2 increases OSCC
grade are both possible scenarios, but the fact
remains that in this study COX-2 expression was
elevated with increased OSCC grade. This may
allow the prediction of the prognosis or even
present a possible therapeutic option where COX-
2 inhibitors may be used as an adjuvant for cancer
therapy, as COX-2 inhibitors are readily available
and have fewer side effects than conventional
cancer therapy.

In this study, immunohistochemical staining
for CD163 in well and moderately differentiated
OSCC was mainly confined to the connective tissue
in close proximity to the malignant epithelial cells.
However, the poorly differentiated cases revealed
more diffuse immunopositivity of CD163 positive
cells than in well and moderately differentiated ones.
The expression was mostly noted in the stromal
cells. Although CD163 is a specific marker for M2
macrophages, a small number of immunopositive
cells were noted in the tumor islets in this study.

This phenomenon was also documented by
Maniecki M. et al.(2012)38lwho stated that there
are several possible mechanisms that could explain
the means by which distinct cancer cells undergo
a phenotypic shift harboring molecular pathways
that are normally only present in macrophages. It
may result from a horizontal transfer of mRNA
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by microvesicles shed from macrophages or from
heterotypic cell fusion between tumor cells and
CD163 expressing TAMs.

In this study, it was observed that the reaction
was granular in nature. These results were consistent
with those of Barbosa N. et al (2015)3? and Cheng
Z. et al. (2017)“Y%who stated that CD163 mRNA is
upregulated in the cytoplasm of stromal cells in
TME of OSCC, which may explain the granular
reaction reported in this study. Also the nuclear
reaction may be due to the increased transcription
for the CDI163 protein during the polarization
macrophages to the M2 cells.

Similar to the COX-2 expression in this study,
CD163 expression was significantly higher in
the poorly differentiated OSCC compared to its
expression in the well and moderately differentiated
ones. There was an insignificant difference
in CD163 expression between the well and
moderately differentiated OSCC in this study. These
results were similar to those of GochevaV. et al.
(2010)#4, Liu C. et al.( 2013)¥2 and Fan Q. et al.
(2014)%31 who also described an up-regulation in
CD163 expression in higher grade malignancies. In
these studies, CD163 was used as a marker to assess
M2 macrophages distribution in the TME.

The increase in the CD163 positive cells in
higher grade tumors and the distribution of the
CD163 positive cells in close proximity to the
malignant epithelial cells noted in this study, may
be explained by the fact that tumor cells actively
produce microparticles, CCL2/3/4, CSF1, IL-4
and IL-10 which attract the CD163 positive cells.
Moreover, tissue stress (hypoxia, tumor-derived
HMGB-1, ECM components and VEGF) results
in the increase of CD163 positive cells (M2)
polarizationt# 44461,

At the same time, the production of TGF-f3 by
CD163 positive cells (M2) contributes to the general
suppression of anti-tumor immunity. TGF-3 is a key
regulator of the signaling pathways that initiate and
maintain Foxp3 expression and inhibition of Thl



CORRELATION BETWEEN INFLAMMATORY SIGNALS AND TUMOR ASSOCIATED MACROPHAGES

immune cells and CTLs which play key roles in
proliferation, apoptosis, metastasis, cell metabolism,
aging and cancer biology " “#I TGF-f3 induces
IL-6 and proteases like cathepsin B, MMPs which
cleave the ECM releasing sequestrated VEGF*-3%
Altogether , these factors act to increase the grade of
malignancy which explain the positive correlation
that exists between CD163 positive cells and tumor
grade observed in this study.

Moreover, Liu C. et al. (2013)42 showed that
TAMs promoted EMT in pancreatic cancer cells,
partially through the TLR4/IL-10 signaling pathway.

Reports also stated that CD163 positive cells
(M2) promote CSC-like properties that have the
potential to initiate tumor formation by undergoing
self-renewal, differentiation - 3 via TGF-f1
induced EMT in cancer'*.

Moreover CD163 positive cells result in
constitutive NF- Bactivation which induces several
cellular modifications associated with tumorigenesis
and more aggressive phenotypes, including self-
sufficiency in growth signals, insensitivity to
growth inhibition, resistance to apoptotic signals,

angiogenesis, migration and tissue invasion'>,

The results of this study revealed as well that
a positive correlation exists between expression
of the COX-2 and CD163 in different grades of
OSCC. This may be due to the fact that COX-2
over-expression in TME particularly macrophages,
enhances tumor progression and is essential for
induction and maintenance of M2,

Moreover, the elevated PGE2 in the TME
COX-2 and CDI163 positive (M2)
polarization, in part via induction of the c-AMP®
331 On the other hand, these CD163 positive (M2)
are in turn are the major source of COX-2 which

promotes

induces PGE2 production from arachidonic acid
(AA) during inflammation®3and so forth. From the
above, it can be deducted that COX-2 causes the
upregulation of CD163 expression and vice versa.
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Both these molecules appear to act synergistically
in increasing the grade of malignancy through
several cytokines like the TGF- f3 that both COX-2
and CD163 are thought to increase the number of
CSCs in the tumors. It has been reported that the
localization of COX-2 expression from the nucleus
to the cytoplasm was associated with increased Oct-
4 and increased stem like properties of cells. CD163
also increases CSCs as discussed earlier and hence
both these molecules contribute to the increased
tumor grade. Finally, the increase in both COX-2
and CD163 may also result from factors secreted
from the malignant epithelial cells themselves 3¢,

Thus, it is reasonable to think that in the future
COX-2 and TAM modulating therapies might
be at the disposal of clinicians and patients®”,
Nevertheless, the fact that there is a wide variation
in pathways and factors that lead to or affect oral
carcinogenesis remains.

CONCLUSIONS

From the present study we could conclude that
the inflammatory signals presented by COX-2
immunoexpression and TAM (CD163* cells) were
elevated with increased tumor grade and thus, may
have a role in the progression of OSCC.

RECOMMENDATIONS

Further studies are required to determine which
of these mechanisms are more important in the
development and progression of OSCC.
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