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Objectives. In oral squamous cell carcinoma (OSCC), cyclooxygenases (COX-1 and COX-2) contribute to inflammation, and clus-
ter of differentiation factor 147 (CD147) contributes to invasiveness, but their relationship has not been previously examined
within a cohort of patients with OSCC or OSCC cell lines.

Study Design. COX-2 and CD147 expression was determined by using immunohistochemistry on 39 surgical biopsy specimens of
OSCC. Expression in tumor cells, stroma, and adjacent oral epithelium was characterized by using a visual grading system. COX-
1, COX-2, and CD147 expression was determined in vitro by using OSCC cell lines (SCC25, BHY, and HN) and reverse transcrip-
tase-quantitative polymerase chain reaction. Secretion of prostagladin E; (PGE;) from OSCC cell lines was determined by using
PGE; enzyme-linked immunosorbent assay.

Results. Biopsy specimens showed higher COX-2 expression in tumor cells compared with stroma and adjacent epithelium (P <
.05). There was no difference in CD147 expression among the tumor cells, stroma, and adjacent epithelium. In OSCC cell lines,
there was a trend for COX-2 and CD147 gene expression to be coordinated. Interestingly, PGE, secretion was more closely
related to COX-1 expression than to COX-2 expression.

Conclusions. COX-1, COX-2, and CD147 appear to be independently regulated in OSCC, potentially representing 2 therapeutic
targets for future investigation. COX-1 expression in OSCC deserves further study because it may be an important determinant of

PGE; secretion from OSCC cells. (Oral Surg Oral Med Oral Pathol Oral Radiol 2019;128:400—410)

Squamous cell carcinomas (SCC) account for 90%
of malignancies in the upper aerodigestive tract.' It is a
very aggressive form of cancer, often diagnosed late in
the disease course,2 with an overall 5-year survival rate
of only 63%.” Oral and oropharyngeal squamous cell
carcinoma is the sixth most common cancer, after lung,
stomach, breast, colorectal, and cervical cancers.'*
According to the Canadian Cancer Society, it was esti-
mated that 4700 Canadians (3200 men and 1450
women) were diagnosed with oral cavity cancer in
2017, with 1250 Canadians dying of the disease.’
Globally, 300,400 new cases and 145,400 deaths from
oral cavity cancer (including lip cancer) occurred in
2012.° Oral cancer is more common in developing
countries compared with developed countries, with the
highest rates of occurrence reported in Pakistan, India,
Brazil, Thailand, and Slovakia.” In the United States,
approximately 41,380 new cases and 7890 deaths are
reported every year.”

Oral cancer invades the underlying tissue, including
maxillary and mandibular bone,g as well as
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metastasizing to regional lymph nodes and lungs.'’
Factors that enable oral squamous cell carcinoma
(OSCC) invasion and intravasation into the lymphatics
and blood vessels include inflammatory mediators,
such as prostaglandin E, (PGE,), 12 a5 well as matrix
metalloproteinase (MMP) enzymes under the regula-
tion of cluster of differentiation factor 147 (CD147)."”
PGE, is a mediator of active inflammation, promoting
local vasodilation and local attraction and activation of
neutrophils, macrophages, and mast cells in the early
stages of acute inflammation.'* Although inflammatory
cells are an important source of PGE,, this inflammatory
eicosanoid can be released by a variety of cell types.'*
PGE, synthesis starts with liberation of arachidonic acid
(AA) from the cell membrane.'”'® AA is then converted
into prostaglandin H, by cyclooxygenase 1 and 2 (COX-
1 and COX-2) enzymes, which is then rapidly converted
into PGE, by microsomal and cytosolic PGE, synthase
enzymes.'”'® We have recently reviewed the role of the
AA pathway of inflammation in the pathogenesis of

Statement of Clinical Relevance

The arachidonic acid pathway and cluster of differ-
entiation factor 147 may represent 2 separate thera-
peutic targets for oral squamous cell carcinoma
(OSCC). Furthermore, cyclooxygenase-1 (COX-1)
appears to be an important source of OSCC-derived
prostaglandin E,, and therefore should not be over-
looked in future studies of COX inhibitor-based
therapies.
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OSCC,"” which is related to chronic tobacco and alcohol
use in patients with oral cancer.'®

Protumorigenic functions of the AA cascade serve as a
therapeutic target, with nonsteroidal anti-inflammatory
drugs demonstrating the ability to suppress carcinogenesis
and tumor cell proliferation.'”' The combination of cele-
coxib (a COX-2 inhibitor), erlotinib (an epidermal growth
factor receptor tyrosine kinase inhibitor), and radiation
therapy has shown activity against recurrent OSCC.*

Invasion of tumor cells, including OSCC, requires
extensive proteolysis of the extracellular matrix. This
process is accomplished with MMPs, with MMP2 and
MMP9 proving to be particularly important.”> MMP
expression in patients with cancers, including pancre-
atic, colorectal, breast, and cervical cancers and
OSCC, have been linked to decreased survival.>*%
CD147, also referred to as Basigin and extracellular
matrix metalloproteinase inducer (EMMPRIN), acti-
vates MMPs and contributes to tumor invasion.”

CD147 plays an important role in immunity and
inflammation, with increased expression in a variety of
inflammatory cells.””** A direct relationship between
the AA pathway and CD147 was demonstrated in ath-
erosclerotic plaques, where COX-2 stimulated CD147
expression through production of PGE,.””

An association between increased CD147 expression
and poor prognosis has been demonstrated in a variety
of cancers, such as 0SCC.*® CD147 activation of
MMPs in the tumor microenvironment causes tumor
cells to invade the surrounding stroma.”’ For example,
CD147 inhibition resulted in decreased expression of
inflammatory mediators in a mouse model of OSCC
and also reduced collagen degradation and tumor cell
growth in vitro.”* In hypopharyngeal SCC, COX-2 and
CD147 were associated with tumor invasion, lymph
node metastasis, and poor patient survival.”’ Further-
more, anti-CD 147 therapy was shown to reduce tumor
growth in a xenograft mouse model of OSCC.**

The purpose of this study was to explore the rela-
tionship between COX-2 and CD147 expression in
OSCC by using archival biopsy samples from patients
with OSCC in Eastern Canada, as well as in 3 human
OSCC cell lines representing lingual OSCC (SCC25),
highly invasive gingival OSCC (BHY), and an OSCC
metastasis isolated from a regional lymph node (HN).

MATERIALS AND METHODS
Immunohistochemical detection of COX enzymes
and CD147 in human OSCC biopsies

Patient signalment and biopsy information. Archival,
formalin-fixed paraffin-embedded biopsy samples rep-
resenting 39 cases of human OSCC were obtained
from Health PEI Laboratory Services (Charlottetown,
Prince Edward Island, Canada). Biopsy samples were
collected between 2008 and 2015, and the diagnosis of
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OSCC was confirmed by a medical pathologist before
inclusion in the study. Most patients were male (28 of
39), and most patients were 50 to 79 years of age (30
of 39). The biopsy specimens were obtained from a
variety of locations in the oral cavity, with OSCC of
the tongue being the most common (27 of 39)
(Table I). Use of biopsy specimens for this study was
approved by the Prince Edward Island Research Ethics
Board and the University of Prince Edward Island
Research Ethics Board. Of the 39 OSCC slides, 2 were
not evaluated for COX-2 expression because of loss of
tissue during the staining process.

Primary antibodies and matching isotype control
antibodies. Immunohistochemistry =~ protocols  were
designed for the detection of COX-2 and CD147 by using
a polyclonal rabbit anti-COX-2 (mouse) immunoglobulin
G (IgG) (Cayman Chemical Company, Ann Arbor, MI)
and polyclonal goat anti-CD147 (human) IgG (Santa Cruz
Biotechnology Inc., Dallas, TX). The concentration of nor-
mal rabbit IgG (Millipore Sigma Company, Etobicoke,
Ontario, Canada) and normal goat IgG (Santa Cruz Bio-
technology Inc.) were matched to the concentration of the
primary antibody (100 pg/mL for COX-2 and 200 peg/mL
for CD147). Human seminal vesicle was selected as a pos-
itive control tissue for COX-2 expression,” and human
small intestine was selected as positive control tissue for
CD147 expression.” (Supplemental Figure 1). An immu-
nohistochemistry protocol for detection of COX-1 was
also investigated by using a polyclonal rabbit anti-COX-1
(ovine) antiserum (Cayman Chemical Company) and nor-
mal rabbit serum (negative control) at a dilution 1:100,
using feline intestinal goblet cells as a positive control,™
but staining was similar between the positive and negative
controls (see Supplemental Figure 1), so COX-1 immuno-
histochemistry was not pursued.

Immunohistochemistry protocol. Standard horseradish
peroxidase immunohistochemistry was performed to
detect COX-2 and CD147 expression in OSCC biopsy
specimens. Briefly, 5-um thick tissue sections were
deparaffinized with xylene (Fisher Scientific, Waltham,
MA) and rehydrated through diminishing concentra-
tions of ethanol in water. Antigen retrieval was

Table I. Oral squamous cell carcinoma (OSCC) cases

Gender (n) Age (years) (n) Tumour location (n)
Male 28 40—-49 3 Gingiva 2
Female 11 50—-59 10 Oral mucosa 5
60—69 10 Tongue 7
70-79 10
>80 6 Larynx

Tonsils

2
Buccal Mucosa 2
1
1
Epiglottis 1
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achieved by incubating the slides in (95°C) sodium cit-
rate buffer (pH 6.0) for 20 minutes in a steamer (Black
and Decker, Mississauga, Ontario), followed by 20
minutes of cooling at room temperature. Endogenous
peroxidases were quenched for 20 minutes with an
incubation in 3% hydrogen peroxide (Fisher Scien-
tific). Endogenous avidin and biotin was blocked by
using a commercially available kit, according to manu-
facturer instructions (Vector Laboratories, Burlington,
Ontario, Canada). Slides were incubated with primary
antibodies or negative control antibodies (normal IgG)
for 60 minutes at room temperature in a humidified
chamber, followed by 30 minutes incubation with bio-
tinylated goat anti-rabbit IgG (for COX-2) or rabbit
anti-goat IgG (for CD147) (Vector Laboratories). Visu-
alization of signal was achieved with Vectastain ABC
reagent (Vector Laboratories) followed by diamino-
benzinetetrahydrochloride (DAB) solution (Vector
Laboratories). The duration of DAB incubation was
determined through pilot experiments and was then
held constant for all slides. Between each step, slides
were washed with phosphate-buffered saline (Fisher
Scientific). The sections were counterstained with
hematoxylin, dehydrated with ethanol and xylene, and
cover-slipped by using a xylene-based mounting
medium (Fisher Scientific).

The specificity of secondary antibodies was evaluated
by omitting the primary antibody from the protocol on a
subset of slides. Additionally, the specificity of the proto-
col was evaluated by incubating positive control tissues
and a subset of OSCC samples with matching normal IgG
or antiserum (Supplemental Figure 2), or preadsorbing the
primary antibody with the appropriate peptide (COX-2).
Optimization of the protocols included testing several con-
centrations of primary antibody and duration of DAB
incubation. The range of dilutions tested for the primary
antibodies were 1:200 and 1:100 for COX-2; 1:1000,
1:500, 1:400, 1:200, 1:100, and 1:40 for COX-1; and
1:200, 1:100 and 1:50 for CD147. The duration of DAB
incubation ranged from 2 minutes to 10 minutes in optimi-
zation experiments before arriving at 1 minute and 20 sec-
onds for COX-1, 1 minute and 30 seconds for COX-2,
and 3 minutes and 40 seconds for CD147. Protocols that
yielded signals on positive control tissue and those with
minimal nonspecific staining were selected for evaluating
human OSCC specimens. Positive and negative controls
were run with all OSCC slides.

Immunohistochemistry grading system. A visual grad-
ing system that distinguished between tumor and
stroma (and adjacent epithelium, if present) was used.
The percentage of positive cells in the tumor cells,
adjacent epithelium, and supporting tumor stroma,
along with staining intensity, were estimated and con-
verted into a categorical grading system (Table II).
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Table II. Immunohistochemistry grading system

Grade Description

Negative  Less than 1% positive cells

Grade 1 1%—9% positive cells (light, moderate or heavy
staining)

Grade 2 10%—50% light cells with scattered moderate or heavy
staining

Grade 3 Mostly light staining, with less than 50% moderate
staining, and scattered heavy staining

Grade 4 Mostly moderate staining, with less than 50% heavy

staining

Gene expression of COX enzymes and CD147 in
OSCC cell lines

Cell lines, reagents, and primers. Commercially avail-
able human OSCC cell lines used in this study
included: SCC25 from the tongue of a 70-year-old man
(American Type Culture Collection, Manassas, VA);
HN from lymph node metastasis of a 60-year-old man;
and BHY from gingiva of a 52-year-old man (Leibniz
Institute DSMZ-German Collection of Microorganisms
and Cell Cultures, Braunschweig, Germany). The BHY
and HN cells were maintained in growth medium
consisting of 90% Dulbecco’s modified Eagle medium
(4.5 g/L glucose, HyClone Laboratories, South Logan,
UT) and 10% heat inactivated fetal bovine serum
(FBS, HyClone Laboratories), 100 units/mL penicillin
and 100 pg/mL streptomycin (HyClone Laboratories).
SCC25 cells were maintained in growth medium consist-
ing of a 1:1 mixture of Dulbecco modified Eagle medium
and Ham’s F12 medium containing 2.5 mM L glutamine,
15 mM hydroxyethyl-piperazineethane—sulfonic acid
buffer, and 0.5 mM sodium pyruvate (Fisher Scientific)
and supplemented with 400 ng/mL hydrocortisone
(HyClone Laboratories), 10% FBS, 100 units/mL penicil-
lin and 100 pg/mL streptomycin. The cell lines were
periodically split by using 0.25% trypsin-ethylenediamine-
tetraacetic acid (Wisent Inc., Saint-Jean-Baptiste, Quebec,
Canada).

Commercially available prevalidated primers for
human genes were purchased from Bio-Rad Laboratories
(Mississauga, Ontario, Canada). Supplemental Table I
shows 14 candidate reference (housekeeping) genes were
screened by testing 6 cDNA samples representing the 3
human cell lines and 2 experimental conditions (serum
deprivation and serum stimulation) on a predesigned 96-
well panel (Reference Genes H96, Bio-Rad Laborato-
ries). On the basis of acceptable gene stability values (M)
and coefficients of variation determined by using CFX
Manager 3.1 (Bio-Rad Laboratories), 5 candidate human
reference genes were selected for additional evaluation in
the full gene expression study. Primer information for the
3 genes of interest (COX-1, COX-2, and CD147) and the
candidate reference genes (TBP, RPSIS, HPRTI,
GAPDH, and B2M) are listed in Supplemental Table II.
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M and coefficients of variation values for the reference
genes were revaluated in the final data sets, with the best
reference genes selected for normalization of the data
(RPS18 and HPRTI).

Experimental conditions, RNA extraction, and
cDNA synthesis

To determine the expression of COX enzymes and
CD147 in OSCC cell lines, reverse transcriptase-quan-
titative polymerase chain reaction (RT-qPCR) was per-
formed. OSCC cells (2 x 105) were seeded into each
well of a 6-well plate (Fisher Scientific), grown for
48 hours and rinsed with sterile phosphate-buffered
saline before overnight culture in serum free medium
containing 0.1% bovine serum albumin (HyClone Lab-
oratories). The next morning, the serum deprivation
group remained in the serum free medium for an addi-
tional 2 hours, whereas the medium for the serum stim-
ulated group was replaced with standard growth
medium containing 10% FBS and cultured for 2 hours.
This protocol provided cultures that were approxi-
mately 80% confluent at the time of RNA extraction.
All cultures were performed in triplicate, and 3 inde-
pendent experiments were performed.

RNA was extracted by using the Aurum total RNA
mini kit (Bio-Rad Laboratories), according to the man-
ufacturer’s instructions. RNA concentration and A260/
A280 ratios were determined by using the NanoDrop
ND-1000 spectrophotometer (Thermo Scientific, Rock-
ford, IL). Isolated RNA was stored at —80°C until used
for RT-qPCR. RNA samples were reverse-transcribed
by using the iScript gDNA Clear cDNA Synthesis Kit
(Bio-Rad Laboratories), according to the man-
ufacturer’s instructions (250 ng of RNA in a 20 uL
reaction volume). To test for genomic DNA contami-
nation, no-reverse-transcriptase (NRT) controls were
prepared on a subset of samples. The thermal My-
Cycler (Bio-Rad Laboratories) was used for the synthe-
sis reaction (5 minutes at 25°C, reverse transcription
for 20 minutes at 46°C, and RT inactivation for 1 min-
ute at 95°C). cDNA was stored at —20°C until used for
real-time RT-qPCR.

RT-gPCR optimization. RT-qPCR  was performed
according to the manufacturer’s instructions (Bio-Rad
Laboratories), and consisted of a 10 L reaction volume,
containing 0.5 uL of proprietary primer mixture (Bio-Rad
Laboratories), 5 uL of Sso Advanced Universal SYBR
Green Supermix (Bio-Rad Laboratories), and 4.5 uL of
diluted cDNA (or NRT or water). Real-time RT-qPCR
was performed by using a CFX96 Real-—Time PCR
Machine (Bio-Rad Laboratories). Validation of primers
included evaluation of thermal gradients to identify ideal
annealing temperature (52°C—64°C), melt curve analysis,
evaluation of amplicon size with use of agarose gel
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electrophoresis, and standard curves to determine reaction
efficiency. Optimization steps utilized pooled cDNA sam-
ples representing all the samples in the experiment. Addi-
tionally, appropriate performance in NRT and no-
template control samples was confirmed. For no-template
control reactions, cDNA was replaced with nuclease free
water.

To determine the reaction efficiencies of the primers,
serial dilutions of pooled cDNA were prepared from
the cell line samples. Dilution series ranged from 2-
fold dilution series to 4-fold dilution series, depending
on the Cq values generated during the thermal gradient
experiment. The efficiency of the optimized RT-qPCR
assays was determined by using CFX Manager 3.1
(Bio-Rad Laboratories). Target amplification -effi-
ciency for the reactions ranged from 90% to 110%.
Finalized RT-qPCR protocols used cDNA diluted 1:16
(COX-1, COX-2, CD147, TBP, and HPRT1) and 1:64
(B2M, GAPDH, and RPS18). All of the samples in
each experiment were run in technical duplicates
(2 reaction wells per sample generating an average Cq
value). Reaction protocols started with a 3-minute
95°C denaturation step, followed by 40 cycles consist-
ing of 5 seconds of denaturation at 95°C, 20 seconds of
annealing at 60°C, and 20 seconds of extension at
72°C. The reaction protocol was completed with a melt
curve analysis, where the temperature was raised from
65°C t0 95°C in 0.5°C, 5-second increments.

Enzyme-linked immunosorbent assay (ELISA)
detection of PGE, in OSCC cell lines

To measure PGE, secretion, OSCC cells were seeded
into a 6-well plate at a density of 5 x 10° cells per
well. OSCC cells were cultured in growth medium, as
described above, for 48 hours, followed by collection
of conditioned medium and determination of cell num-
bers by manual counting after trypsinization. Three
independent experiments were performed, with each
experiment including triplicate culture wells. PGE,
concentration was measured by using a Prostaglandin
E, Multispecies Competitive ELISA Kit (Thermo Sci-
entific) according to the manufacturer’s instructions.
PGE, concentration was calculated from a standard
curve and normalized to the average number of cells in
the cultures at the time of supernatant collection.

Statistical analysis

All statistical analyses were carried out by using Stata IC
14 software (StataCorp LLP, College Station, TX). P val-
ues of 0.05 or less were considered statistically significant.
Fisher’s exact test was used for immunohistochemistry
data. RT-qPCR data were tested for normality by using the
Shapiro-Wilk test, followed by the Kruskal-Wallis test and
graphically represented by showing relative expression
compared with a low-expressing cell line. ELISA data
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were log-transformed and then tested for normality by
using the Shapiro-Wilk test, followed by 1-way analysis of
variance and Bonferroni post hoc test. In vitro data from 3
independent experiments were combined for statistical
analysis. Bar graphs show means with standard deviation.

RESULTS

COX-2 and CD147 expression in OSCC biopsy
specimens

Serial sections of OSCC were evaluated for COX-2 and
CD147 expression by using immunohistochemistry, which
revealed variable expression levels of both targets. COX-2
was chiefly localized to the cytoplasm of tumor cells and
occasionally observed within the nucleus. CD147 expres-
sion was more widespread, with expression in tumor cells
and within the cells of the microenvironment (stromal
fibroblasts, immune cells, and endothelial cells). CD147
localization was cytoplasmic, membranous, and nuclear in
some cells (Figure 1). Thirty-seven OSCC biopsy speci-
mens were stained for COX-2. COX-2 expression was
generally of low intensity but was expressed in tumor cells
more often compared with surrounding stroma or adjacent
epithelium. Of the biopsy specimens, 29.7% had grade 1
and 5.4% had grade 2 staining in the tumor cells, com-
pared with only 3.6% of specimens having grade 1 staining
in adjacent epithelium and none having detectable COX-2
expression in the surrounding stroma (P < .05;
Figure 2A). CD147 expression was widely expressed in
the 3 different compartments (tumor, stroma, and overly-
ing epithelium). There was a trend toward high expression
(grade 3 and grade 4) being more common in the tumor
cells compared stroma and adjacent epithelium, but there
was no statistical significance (P > .05; Figure 2B). The
pattern of CD147 expression was similar between COX-
2—positive OSCC (n=24) and COX-2—negative OSCC
(n=13) (Figure 2C).

In vitro expression of COX-1, COX-2, and CD147
and secretion of PGE, in OSCC cell lines

In vitro gene expression can be influenced by exposure
to FBS. For this reason, gene expression was evaluated
in OSCC cells in serum free conditions (serum depriva-
tion), as well as in cells that were recently reintroduced
to serum (serum stimulated). COX-1, COX-2, and
CD147 expression was detected at the mRNA level in
all OSCC cell lines, but at variable levels. Two-hour
serum stimulation upregulated COX-2 in all 3 human
cell lines but had no significant effect on COX-1
expression (Figures 3A to 3C).

Focusing on serum-stimulated cells, the 3 cell lines
differed in COX-1 expression, with lingual SCC25
cells expressing the most COX-1 mRNA (see
Figure 3C). COX-2 and CD147 were consistently
expressed across the 3 human cell lines (see Figures
3A and 3B), although there was a trend toward gingival
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BHY cells having the highest COX-2 and CD147
expression and HN metastasis cells having the least
COX-2 and CD147 expression. The results were simi-
lar under serum deprivation conditions, except that the
difference in CD147 expression between human cell
lines was significant (see Figure 3), with BHY cells
expressing the most CD147.

HN cells secreted the least amount of PGE,
(Figure 3D), consistent with the RT-qPCR results,
showing that HN cells tended to express the least
COX-1 and COX-2 mRNA. SCC25 secreted the most
PGE, (these cells produced the most COX-1), followed
by BHY cells (which expressed the most COX-2).
Although there was an interesting trend seen in CD147
expression, COX expression, and PGE2 secretion (HN
cells producing the least and BHY tending to have
higher COX-2 and CD147 expression), the high levels
of PGE, secreted by SCC25 did not correlate with the
relatively low expression of CD147 in these cells.

DISCUSSION

To our knowledge, this is the first study reporting COX-2
and CD147 expression in the same cohort of OSCC patient
samples and cell lines. In the biopsy samples, COX-2
expression was more common in the tumor cells compared
with the stromal cells or adjacent epithelial cells. This find-
ing is similar to what was reported by Shibata et al., who
found that COX-2 expression was higher in OSCC cells
compared with dysplastic lesions and normal gingiva.’’
Studies showing higher COX-2 expression in OSCC tumor
tissue compared with dysplastic lesions and adjacent nor-
mal tissue have also been reported by Pannone et al.*® and
Cho et al.”’ However, Mauro et al. reported that peak
COX-2 expression appears to occur during the dysplastic
phase and becomes downregulated in carcinoma, although
expression is still increased compared with that in normal
gingiva.”’ As expected, in this study, COX-2 was mostly
localized to the cytoplasmic compartment, although occa-
sional nuclear staining was also observed. Nuclear locali-
zation of COX-2 has been reported in bladder cancer cells,
where it was associated with expression of markers of
stem cell reprogramming (CD44 v6 and Oct3/4)."" Addi-
tionally, nuclear expression of COX-2 was found to be
increased by hypoxia in breast cancer cells in bone metas-
tasis, leading to increased expression of hypoxia inducible
factor-1o..

The OSCC biopsy samples were also stained for
CD147. The OSCC tissues showed widespread and
variable expression of CD147, with no significant dif-
ferences among the cells of the tumor, stroma, and
overlying epithelium. Vigneswaran et al. also reported
that CD147 was expressed in normal gingiva as well as
in hyperplastic, inflammatory, dysplastic, and malig-
nant lesions, but they did find that expression increased
with increasing degrees of dysplasia.”’ Monteiro et al.
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Fig. 1. Cyclooxygenase-2 (COX-2) and cluster of differentiation factor 147 (CD147) in serial sections of human oral squamous
cell carcinoma (OSCC). Photomicrographs of immunohistochemistry results using rabbit anti-COX-2 immunoglobulin G (IgG)
and goat anti-CD147 IgG in 3 patients with OSCC. The chromogen is diaminobenzinetetrahydrochloride (brown), and the coun-
terstain is hematoxylin (blue). Case 1. A, COX-2, B, CD147: OSCC cells showed scattered moderate COX-2 expression (grade 2;
10%—50% positive cells) and minimal CD147 expression (negative; less than 1% positive cells). Note the nonmalignant epithe-
lium on the right side of the image, which is negative for COX-2 and CD147 expression. Case 2. C, COX-2, D, CD147: OSCC
cells had variable COX-2 expression (grade 1; 1%—9% positive cells) and widespread moderate CD147 expression (grade 4;
mostly moderate with less than 50% heavily-stained cells). Case 3. E, COX-2, F, CD147: OSCC cells were negative for COX-2
expression, but demonstrated widespread light-to-moderate CD147 signal (grade 3; mostly light with less than 50% moderately-
stained cells). In general, COX-2 localization was chiefly cytoplasmic with infrequent nuclear signal. CD147 expression was gen-
erally cytoplasmic and membranous with variable nuclear signal. CD147 expression in OSCC appeared to be independent of
COX-2 expression.

found CD147 expression in OSCC tumor cells and nor-
mal mucosa adjacent to tumors, with the signal localiz-
ing to cell membranes as well as the cytoplasm.” The
present study also showed cytoplasmic and membrane
expression of CD147 in OSCC, in addition to instances
of nuclear localization. Although the membrane-bound
form of CD147 is well known (this form is important
for activating MMPs and contributing to tumor

invasiveness), it should be noted that intracellular and
soluble forms of CD147 also exist."" Cytoplasmic
and membranous localization of CDI147 has been
reported in primary lung tumors,”” and a recent study
revealed that the cytoplasmic fragment of CD147 can
be cleaved and localized to the nucleus of hepatocellu-
lar carcinoma cells, contributing to chemoresistance
via autophagy.”® The significance of subcellular
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Fig. 2. Expression of cyclooxygenase-2 (COX-2) and cluster of differentiation factor 147 (CD147) in oral squamous cell carci-
noma (OSCC), shown with use of immunohistochemical grading system. The OSCC study set was composed of 39 samples, 28
of which included adjacent oral epithelium. (A) COX-2 expression by tissue compartment. Each bar represents the percentage of
cases that were considered positive for COX-2 expression within each compartment (tumor cells, stroma, and adjacent epithe-
lium). Thirty-seven slides were evaluated (tissue was lost from 2 samples during processing). Each bar is subdivided to demon-
strate the percentage of cases assigned to each grade. COX-2 expression was highest in the tumor cells. (B) CD147 expression by
tissue compartment: Each bar represents the percentage of cases that were considered positive for CD147 expression within each
compartment. Thirty-nine slides were evaluated. Each bar is subdivided to demonstrate the percentage of cases assigned to each
grade. CD147 expression was variable across all biopsy tissues, with no significant differences between compartments. (C)
Expression of CD147 in COX-2 positive and COX-2 negative OSCC biopsies. Twenty-four cases had positive COX-2 expression
(grades 1 and 2), and 13 cases were COX-2 negative (grade 0). Each bar represents the percentage of positive CD147 cases within
the COX-2 positive and COX-2 negative groups. There was no significant difference in CD147 expression. All statistical compar-
isons were made by using Fisher’s exact test (¥*P value < .05).

CD147 localization was not determined in this study
but would be an interesting topic to explore in future
OSCC research.

Some of the challenges in comparing immunohis-
tochemistry results from different studies arise because of
varying study designs. For example, this study compared
expression of COX-2 and CD147 expression in OSCC
cells with that in adjacent epithelium that bore no mor-
phologic features of malignancy. This provides nontumor
tissue that is identical to the tumor tissue in terms of tis-
sue processing, patient signalment, and risk factors. How-
ever, these adjacent tissues likely harbor early genetic
changes because of exposure to carcinogens, as well as

other changes attributed to regional inflammation, which
could explain the similar CD147 signal between adjacent
nonmalignant tissue and OSCC tissue.

A statistically significant relationship between COX-
2 and CD147 expression was not observed with the use
of immunohistochemistry. This is in contrast to the
findings of a study in hypopharyngeal carcinoma.’”
There were differences in protocols, but the differences
in the biology of hypopharyngeal SCC compared with
that of OSCC may have also been a contributing factor.
Geographic differences in risk factors and genetic pre-
dispositions may have also played a role, considering
that the hypopharyngeal SCC analysis was performed
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Fig. 3. Expression of cyclooxygenases 1 and 2 (COX-1 and COX-2) and cluster of differentiation factor 147 (CD147) in oral
squamous cell carcinoma (OSCC) using reverse transcriptase-quantified polymerase chain reaction (RT-qPCR). (A) RT-qPCR
for (COX-2) mRNA expression in human OSCC. Each bar represents the mean fold-increase in COX-2 mRNA compared with
serum deprived HN cells. Two-hour serum exposure significantly stimulated COX-2 expression in all 3 cell lines. Although there
was a trend toward increased COX-2 expression in BHY cells, it was not statistically significant. (B) RT-qPCR for COX-1
mRNA expression in human OSCC. Each bar represents the mean fold-increase in COX-1 mRNA compared with serum deprived
HN cells. There was no significant effect of serum exposure on COX-1 expression. Expression of COX-1 differed among the 3
cell lines in serum deprived (*) and stimulated (T) conditions, with SCC25 cells expressing the most COX-1. (C) RT-gPCR for
CD147 mRNA expression in human OSCC. Each bar represents the mean fold-increase in CD147 mRNA compared with serum
deprived HN cells. There was no significant effect of serum exposure on CD147 expression. Expression of CD147 differed among
the 3 cell lines only in serum deprived (*) conditions, with BHY cells expressing the most. BHY also expressed the most CD147
under serum stimulation, but the results were not statistically significant. (D) Enzyme-linked immunosorbent assay detection of
prostaglandin E, (PGE,) in human OSCC cell lines. Each bar represents mean PGE, concentration in the conditioned medium
(pg/mL per 100,000 cells). HN cells secreted the least amount of PGE, and SCC25 secreted the most PGE2. All statistical com-
parisons of RT-qPCR data were made by using Kruskal-Wallis test. (*serum deprived, P value < .05; Tserum-stimulated, P value
< .05; *serum-deprived compared with serum-stimulated, P value < .05). PGE, concentrations were log-transformed prior to
analysis using 1-way analysis of variance and Bonferroni post hoc test (*P value <.05).

in Chinese patient samples in the study by Yang et al.
and in Canadian patient samples in the present study.
The immunohistochemistry study of patient samples
was accompanied by gene expression analysis in 3 human
OSCC cell lines representing different presentations of the
disease: bone-invasive gingival OSCC (BHY), lingual
OSCC (SCC25), and a lymph node metastasis that arose
from the soft palate (HN). All 3 cell lines expressed
detectable COX and CD147 mRNA and secreted PGE,,

which is consistent with the findings of previous stud-
ies.'***” Results from this study suggest a possible
inverse relationship between COX-1 and COX-2 expres-
sion, with gingival BHY cells having relatively high
COX-2 expression and relatively low COX-1 expression,
and the opposite being true for the lingual SCC25 cells.
This is consistent with the work of Pannone et al., who
reported a similar inverse relationship between COX-1
and COX-2 in 22 patient samples.””
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Simultaneous evaluation of the 3 OSCC cell lines
revealed interesting patterns of expression regarding
COX-1, COX-2, and CD147. SCC25 cells are from a
lingual OSCC that were previously shown to express
relatively high COX-1."" In this study, SCC25 cells
expressed the most COX-1 compared with BHY and
HN cells, with HN expressing the least. The fact that
HN cells also expressed the least CD147 might have
suggested a relationship between COX-1 and CD147
expression, but it was the BHY cells that expressed the
most CD147 (instead of the high COX-1 expressing
SCC25 cells). The higher expression of CD147 in
BHY cells compared with HN cells is corroborated by
a previous study reporting a similar CD147 expression
pattern in BHY and HN cells on flow cytometry.'”

There was an interesting trend in COX-2 expression
being similar to CD147 expression, although the rela-
tionship lacked statistical significance. Specifically,
BHY tended to have more COX-2 and CD147 expres-
sion, and HN tended to have the least. A causal rela-
tionship between COX-2 and CD147 expression has
been suggested in other studies, such as the observa-
tion that COX-2 expression in macrophages can mod-
ulate the production of CD147 in a PGE,-dependent
manner.””  Another study involving macrophages
revealed that angiotensin II can upregulate CD147
expression via the COX-2—PGE2 signal transduction
pathway.””

BHY cells had been previously shown to express
COX-2 and be responsive to COX-2 inhibition,”” and
they demonstrated the ability to induce osteoclastic
bone resorption in a mouse model.”**> Although the
invasive nature of BHY cells has been attributed to
their expression of parathyroid hormone-related pro-
tein,”® it may be that expression of CD147 and COX-2
in BHY cells also contributes to its bone invasive phe-
notype. Our study on a spontaneous animal model of
invasive OSCC revealed similar findings. For example,
bone invasive SCCF2 cells, derived from a gingival
OSCC from a domestic cat, expressed CD147 and
robust COX-2 expression.”’ Despite arising from dif-
ferent species, these 2 bone-invasive gingival OSCC
cell lines express parathyroid hormone-related protein,
an inducer of local bone loss, whose expression has
been shown to be enhanced by PGE,.”*7*

HN cells were derived from lymph node metastases
and have been shown to be capable of spreading to lungs,
kidneys, and cervical lymph nodes in a mouse model."
In this study, HN had the lowest CD147, COX-2, and
COX-1 expression. Although invasive and metastatic
behavior have been correlated with COX-2 and CD147,
it may not be surprising that the metastatic HN cells had
relatively low COX-2 and CD147 because Mauro et al.
reported that COX-2 levels drop as OSCC advances from
dysplasia to carcinoma,’” and Erdem et al. speculated

October 2019

that CD147 may be more important for local invasion
rather than distant metastasis."”

It was anticipated that the cells expressing the most
COX-2 would also secrete the most PGE,. In contrast,
BHY cells’’ did not secrete the most PGE, despite
strong COX-2 expression. In this study, the cell line
that secreted the most PGE, was the cell line that
expressed the most COX-1—the lingual OSCC cell
line SCC25. It should be pointed out that a similar pat-
tern was observed in a natural feline model, with lin-
gual feline OSCC cells (SCCF3) also demonstrating
the highest COX-1 expression and PGE2 secretion.”’
Of the 2 COX enzymes, the literature puts an emphasis
on the role of COX-2 in OSCC and many other types
of cancer, but it appears that COX-1 should still be
considered a significant source of tumor-derived PGE,.
This finding is consistent with the findings of Bottone
et al., who reported that COX-1 inhibitors were more
effective than COX-2 inhibitors against colon cancer.”'
Additionally, the study by Pannone et al., who investi-
gated COX-1 and COX-2 expression in human OSCC,
also concluded that COX-1 should be considered a
therapeutic target in the management of OSCC.”"

There have been other examples of discrepancy
between COX-2 and PGE, levels. For example, human
colonic carcinoma-116 and human nasal squamous cell
carcinoma-2650 cell lines had low or absent PGE,
secretion despite high COX-2 expression, as demon-
strated through immunohistochemistry and Western
blotting.°” It is important to remember that COX-1
expression and COX-2 expression are not the only fac-
tors determining PGE, synthesis and secretion. Cer-
vantes-Madrid et al. speculated that the FosB
transcription factor regulates COX-2 expression in
colorectal cancer cells without affecting PGE, or
COX-1 expression.”” Despite increased COX-2 expres-
sion, PGE, secretion may be hampered by reduced
expression of PGE, synthase (which is downstream of
COX enzymes and converts prostaglandin H2 to
PGE,) or increased activity of 15-hydroxyprostaglan-
din dehydrogenase, an enzyme which inactivates
PGE,," so it will be important to investigate these
enzymes in future studies.

CONCLUSIONS

This study confirms the expression of COX-1, COX-2,
and CD147, along with PGE2 secretion, in OSCC cells
in vitro, at varying levels and in a cell line-dependent
manner. This variation is not surprising, given the
range of COX-2 and CD147 expression demonstrated
in immunohistochemistry studies of patient samples.
The data suggest that the AA pathway and CD147
expression may be independently regulated, represent-
ing 2 pathways that might serve as promising targets,
rather than 2 participants in a single mechanism.
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Furthermore, COX-1 may be a significant source of
tumor-derived PGE, in OSCC cells, justifying further
investigation of COX-1 as a possible therapeutic target
for OSCC to avoid the undesirable side effects of
COX-2 specific inhibitors. Future studies should evalu-
ate other important contributors to these pathways,
including prostaglandin receptors, PGE, synthases,
and MMPs. Given the complexity of OSCC tumors,
future studies should include cocultures incorporating
elements of the tumor microenvironment, with increas-
ing use of naturally occurring in vivo models.
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SUPPLEMENTARY MATERIALS
Results
Primary antibodies and matching isotype control antibodies

Figure S1. COX-2, CD147 and COX-1 positive and negative controls for immunohistochemistry.

Photomicrographs of IHC staining of COX-2, CD147 and COX-1 positive and negative controls A. The rabbit-anti-COX-2
IgG concentration was 1:200, which gave positive signal on human seminal vesicle epithelial cells (positive control tissue) with
moderate cytoplasmic COX-2 signal in glandular epithelial cells. B. Replacement of the antibody with normal rabbit IgG signifi-
cantly reduced the signal. Remaining light brown color was interpreted as endogenous pigment (lipofuscin) typical of this tissue.
C. A 1:100 dilution of goat anti-CD147 gave positive signal in human small intestine enterocytes (positive control tissue) with
mild to moderate cytoplasmic CD147 signal in enterocytes. D. Replacement of the CD147 antibody with control goat IgG signifi-
cantly reduced the signal. E. Rabbit anti-COX-1 anti-serum diluted to 1:100 achieved positive signal in feline intestinal goblet
cells (positive control). F. Replacing the COX-1 anti-serum with normal rabbit serum reduced staining in goblet cells but a high
amount of nonspecific stain that was indistinguishable from the COX-1 anti-serum in human OSCC COX-1 immunohistochemis-
try was not selected for further analysis
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Figure S2. COX-2, CD147 and COX-1 positive and negative controls OSCC for immunohistochemistry.

Photomicrographs of IHC staining of COX-2, CD147 and COX-1 positive and negative controls A. COX-2 antibody on a
human OSCC biopsy with mild gingival staining and moderate OSCC staining. B. Replacement of the antibody with peptide sig-
nificantly reduced signal. C. CD147 antibody on a human OSCC biopsy with moderate staining in OSCC cells and in surrounding
stroma. D. Replacement of the antibody with normal goat IgG significantly reduced signal. E. Human OSCC had widespread
heavy staining using COX-1 antiserum. F. The same human OSCC biopsy had similar staining with normal rabbit serum, demon-
strating that the protocol was not specific for COX-1 expression (background signal was indistinguishable from positive signal).
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Table S1. Screened human reference genes
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Predesigned Reference Genes H96 Panel (Bio-Rad) Human Gene Name

RPL13A

RPLPO

GUSB

G6PD

TBP

RPS18

HPRT1

GAPDH

B2M

ACTB

TFRC

YWHAZ

HMBS

PGK1

Table S2. Human primers

Primer Assay Name Unique Assay ID (Bio-Rad) Amplicon Length Spans Intron?
*hPTGS1 qHsaCID0009735 100 No

*hPTGS2 qHsaCED0042341 118 No

*hCD147 qHsaCEDO0056835 62 No

hTBP qHsaCID0007122 120 Yes
**hRPS18 qHsaCEDO0037454 67 No
**hHPRT1 qHsaCID0016375 90 Yes
hGAPDH qHsaCEDO0038674 117 No

hB2M qHsaCID0015347 123 Yes

*Genes of interest: PTGS1 (COX-1), PTGS2 (COX-2) and CD147. Other genes listed are candidate reference (housekeeping) genes that were

tested.

**Reference genes that were selected for normalization of the data after evaluation of M and CV values.
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