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Abstract
Background: Oral squamous cell carcinoma (OSCC) is among the frequently reported malignancies in
Pakistan having unfavorable prognosis. Extracellular Matrix Metalloproteinase Inducer (EMMPRIN) is a
transmembrane glycoprotein that is implicated in tumorigenesis and is recognized as a potential therapeutic
target in multiple carcinomas.
Objective: To determine the immuohistochemical expression of EMMPRIN (CD147) in biopsies from OSCC
patients in the Pakistani population.
Methods: This descriptive study was conducted in Lahore, Pakistan, comprising 100 OSCC cases presenting,
from January 2010 to September 2015. Detailed clinical parameters were recorded. Histological diagnosis &
grade was assessed followed by scoring of CD147 immunoexpression into low (score 0-5) and high (score 6-7).
The data were analysed using SPSS 21.0. Pearson Chi square and Fisher Exact test were applied. A P value ≤
0.05 was considered as statistically significant.
Results: Histologically, conventional OSCC was the most prevalent subtype (92%) followed by oral papillary
(6%) and verrucous (2%) carcinomas. Well differentiated carcinomas made most of the tumour burden (64%).
60% carcinomas expressed high score while 40% showed low expression scores. EMMPRIN expression was
significantly associated with the degree of differentiation of the tumour (P=0.001).
Conclusions: The findings of the current study highlight the significance of EMMPRIN (CD147)
expression in relation to cancer progression thus marking its potential for being an attractive target for
immunotherapeutic approaches.
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Introduction

Oral squamous cell carcinoma (OSCC) is globally one of the
most frequently reported malignant neoplasms, accounting
for more than 90% of oral cancers. In Pakistan, it is the second
most common malignancy [1] and comprises 15% of estimated
new cancer cases in this region compared to 3% detected
worldwide [2].
OSCC demonstrates histologically a heterogeneous cell
population with differences in the degree of differentiation,
invasive and metastatic potential. The mortality and morbidity
of OSCC has not changed considerably over the last few decades.
Detection of biomarkers implicated in various cancers and the

advent of targeted molecular therapies have led to a radical
change in the treatment of different tumours.
Extracellular matrix metalloproteinase inducer (EMMPRIN),
also known as CD147, was originally identified as a tumour cell
membrane protein that induces matrix metalloproteinase (MMP)
production from adjacent fibroblasts [3]. It is present both on
the tumour and normal cells and it is believed to play major
roles in the regulation of different cellular activities. EMMPRIN
expression is enhanced in several malignancies as compared to
benign and the normal tissues [4]. Overexpression or mutation
of EMMPRIN is found in 95% of the patients with oral SCC [5]. It
plays a vital role in the tumorigenesis by promoting invasion,
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angiogenesis, growth and survival of malignant cells because
of its association with different proteins involved in various
signalling pathways [5].
Recently, EMMPRIN (CD147) has been reported to be a
useful diagnostic and prognostic marker as it is involved in
various aspects of cancer progression [6].The current study
aimed at determining, for the first time in Pakistan, the immuohistochemical expression of EMMPRIN in patients with oral
squamous cell carcinoma and to investigate the association
of this protein with various clinicopathological parameters
of the tumour in our population.
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cells); 3 (50% to 74% positive cells); and 4 (75-100% positive
cells). A final score, labelled as a total score (0–7), was given
by adding the intensity and the proportion score and was
categorized into four groups, where 0-1, negative staining;
2-3, weak positive (+1); 4-5, moderate positive (+2); and 6-7,
strong positive (+3). For statistical analysis, total scores of
0–5 and 6–7 were considered to be low expression and high
expression scores respectively [10].

Statistical analysis

The data were entered and analysed using SPSS 21.0. Mean±S.D
were given for quantitative variables and frequencies and
Materials and methods
percentages were computed for qualitative variables. PearThis descriptive study was conducted at the Department son Chi square and Fisher Exact test were applied to observe
of Oral Pathology, Lahore, Pakistan. Approval from the in- associations between the variables. A P value ≤0.05 was
stitutional ethical review committee was obtained prior to considered as statistically significant.
the commencement of the study. A total of 100 biopsies of
patients who reported with various histological subtypes and Results
grades of OSCC from both genders and all age groups were Of the 100 OSCC cases, the overall mean age of the patients
included. While patients already on chemo-radio therapy was 51.28±15.65 years with the age range of 25-80 years. The
and/or with recurrence were excluded. All selected patients male to female ratio was 1.3:1 with most cases reported in
gave written informed consent. Relevant demographic and 5th to 6th decade of life (Table 1).
clinical information were collected from departmental record.
The tissues were processed for making paraffin blocks and
Table 1. Age Distribution with respect to Gender.
sections were cut and stained with haematoxylin and eosin
Age
Gender
Total (n %) P-value
for confirmation of the histological diagnosis and grading/
(years) Female (n %) Male (n %)
(n %)
subtyping of tumours. The histological grading of conven25-40
2
24
26
tional OSCC and papillary OSCC was undertaken according
41-60
24
26
50
to the criterion laid by Bryne et al. [7] and Velazquez et al. [8]
<0.001*
61-80
16
8
24
respectively, while oral verrucous carcinoma was taken as
Total
42
58
100
well differentiated by default [9].
*Pearson Chi-square test

Immunohistochemistry

About 4 µm thick tissue sections were cut with the help of
rotary microtome and mounted on Poly-L-lysine coated slides.
Sections were deparaffinised in xylene and rehydrated in
graded ethyl alcohol, followed by immersion in citrate buffer
solution of pH 9.0 and were put in the hot water bath before
staining procedures. Immunohistochemistry was performed
using the standard ‘Streptavidin biotin Peroxidase’ method.
Sections were then incubated with mouse IgG1 kappa primary
monoclonal CD147 antibody [HIM6] (Bio Legend; USA) with a
dilution of 1:25 and DAB chromogen was applied to the sections followed by counterstaining with haematoxylin. Positive
(oral mucosa and skin) and negative (omission of primary
antibody) controls were run with each batch of 20 histological
sections of OSCCs. EMMPRIN (CD147) expression was scored
on basis of proportion and intensity of immunolabeling in
tumour cell membrane and cytoplasm.
The intensity (qualitative variable) of staining was evaluated as 0 (negative), 1 (weak), 2 (moderate), and 3 (strong).
The proportion (quantitative variable) of positive tumour cells
was scored as 0 (no labelling or labelling in <10% of tumour
cells); 1 (10% to 24% positive cells); 2 (25% to 49% positive

Variable clinical presentations were recorded in all study
cases (Table 2). As regards the site of involvement of oral
cavity, occurrence of OSCC was higher on the tongue (40%)
followed by buccal mucosa (34%) and other sites (Table 2). In
females, predominant involvement of tongue was seen (43%)
whereas in males, buccal mucosa was the most commonly
involved site (41%).
In the current study, the most prevalent histological subtype was conventional oral squamous cell carcinoma (92%).
This was followed by oral papillary (6%) and verrucous (2%)
carcinomas (Table 3). Regarding the histological grades, well
differentiated OSCC was the most common presentation in
the present study patients (Table 3).
In the present study, among the 100 OSCC specimens investigated, all cases were positive for EMMPRIN/CD147 antibody
showing cytoplasmic and predominantly membranous staining
for the positive tumour cells throughout the entire section.
Conversely, in positive control specimens (normal skin and
buccal mucosa), EMMPRIN (CD147) expression was localized
to the actively differentiating basal epithelial cells (Figure 1).
In OSCC, positive EMMPRIN (CD147) immunoreactivity was

2

Sahaf et al. Journal of Histology & Histopathology 2017,
http://www.hoajonline.com/journals/pdf/2055-091X-4-8.pdf

doi: 10.7243/2055-091X-4-8

Table 2. Clinical Presentation and Gender Distribution with respect to Site in OSCC.
Factors

Clinical
Presentation
Gender

Site
Buccal
mucosa
(n %)
Ulceration
14
Lump
12
Exophytic mass 4
White patch
Female
Male

4
10
24

Gingiva
(n %)

Total P value
(n%)

Lower
Lip
(n %)
0
12
0

Sub- mandibular Tongue
gland (n %)
(n %)

Upper
Lip (n %)

0
4
0

Hard
Palate
(n %)
2
0
0

4
2
0

28
4
4

0
2
0

48
36
8

0
2
2

0
2
0

0
4
8

0
4
2

4
18
22

0
2
0

8
42
58

<0.001*

0.123*

*Fisher exact test
Table 3. Relationship between clinicopathological parameters and histologic subtypes of 0SCC.
Factor

P - value

Total (n%) HISTOLOGICAL SUBTYPES
Conventional
Papillary
OSCC† (n %)
OSCC‡ (n %)

Verrucous
Carcinoma(n %)

25-40 years
41-60 years
61-80 years

26
50
24

24
46
22

2
4
0

0
0
2

Male
Female
Buccal mucosa
Tongue
Lower lip
Upper lip
Gingiva
Hard palate
Submandibular gland

58
42
34
40
12
2
4
2
6

54
38
30
36
12
2
4
2
6

4
2
2
4
0
0
0
0
0

0
2
2
0
0
0
0
0
0

Clinical Presentation Ulceration
Lump
White patch
Exophytic mass

48
36
8
8

48
36
8
0

0
0
0
6

0
0
0
2

<0.001*

Histological Grade

64
26
10

62
20
10

0
6
0

2
0
0

0.001*

Age

Gender
Site

Well differentiated
Moderately differentiated
Poorly differentiated

0.139*
0.346*

0.816*

*Fisher exact test
†
Graded by Bryne’s grading system [7]
‡
Graded in accordance to College of American Pathologists (CAP) protocol [8]
§
By default taken as well differentiated [9]

seen ranging from low to strong positive expression. Total
score derived from staining intensities and percentages of
positive cells, demonstrated strong positive expression (+
3) of EMMPRIN (CD147) in 60% cases, moderate positive expression (+2) in 36% and weak positive expression (+1) was
seen in 4% cases. While categorizing the expression levels
into low and high, 60% analysed cases demonstrated high
EMMPRIN expression (Figures 2B and 2C) while 40% showed
low EMMPRIN expression scores (Figure 2A). No case was
detected showing negative staining.
EMMPRIN high and low expression scores in different

histological grades of OSCC (Table 4) demonstrate that cases
of moderate and poorly differentiated OSCC exhibited high
expression score more often than well differentiated tumours
(P=0.001). However, no significant association between
EMMPRIN expression and the other listed clinicopathological
variables was seen.

Discussion

Oral carcinogenesis is a multistep cascade that involves complex molecular pathways in disease progression. Targeting
the molecular pathways involved in tumorigenesis remains
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A

B

Figure 1. Photomicrograph of Normal oral mucosa showing
staining localized to keratinocytic cell membrane with
enhanced staining of the basal epithelial cells (EMMPRIN
IHC, x200).

the greatest opportunity to halt cancer progression. In the
present study, among the 100 OSCC cases evaluated for
different clinicopathological variables, the mean age of occurrence (51.28±15.65 years) is consistent with the study
conducted by Rahman et al. [11] with most cases seen in the
fifth decade of life.
The gender related findings of the current study (Male:
Female ratio, 1.3:1) are also consistent with the local [12]
and international studies [13] showing male predominance.
In the current study, the commonest presenting complaint
was non healing ulcer (48%) with the tongue being the most
frequently affected site (40%). These finding are in accordance
with other studies [14].
As regards the histologic subtypes, conventional OSCC
was the most prevalent subtype encountered in the current
study (92%); and this finding is almost universal in all local
and international studies. The clinical variables, age, site of
tumour, gender and clinical presentation in conventional
OSCC are found to be similar to the parameters of OSCC as
discussed earlier.
The papillary OSCC was diagnosed in 6% of the present
cases, while Thompson [15] revealed that it constitutes approximately 1 % of all OSCCs. In contrast to the findings of
the current study, Bao et al. [16] reported 63.3 years mean
age and found the most frequent site to be the gingiva. Most
studies have demonstrated that papillary OSCC shows male
predilection and presents clinically as an exophytic mass [17],
a finding corroborated by the present results.

C

Figure 2. Photomicrograph of (A) Well differentiated
OSCC with Low EMMPRIN expression score, showing
membranous-cytoplasmic staining (EMMPRIN IHC, x200)
(B) Moderate and (C) Poorly differentiated OSCC with
High EMMPRIN expression scores, showing predominantly
membranous staining (EMMPRIN IHC, x200).

Verrucous carcinoma (VC) accounted for 2% of the total
studied cases of the present study. Neville et al. [18] reported
that VC accounts for 1-10% of all oral squamous cell carcinomas,
depending on the local acceptance of smokeless tobacco use.
In the current study, VC clinically presented at an age of 65
years as an exophytic mass on the buccal mucosa, which is
in accordance with the reviewed literature [19].
As for the histological grade, among the 100 OSCC cases
investigated, well differentiated carcinomas made most of the
tumour burden (64%). Among 92 cases of conventional OSCC,
most of the cases were well differentiated (67.4%) followed
by moderate and poorly differentiated cases. Comparable
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Table 4. Association of EMMPRIN (CD147) expression with different clinicopathological features of OSCC Cases.
Factor
Age

25-40 years
41-60 years
61-80 years

EMMPRIN (CD147)
Total (n %) Low expression Score High expression
n (%)
Score n (%)
26
6(23)
20(77)
50
26(52)
24(48)
24
8(33)
16(67)

Gender

Male
Female

58
42

20(34.5)
20(48)

38(65.5)
22(52)

Site

Buccal mucosa
Tongue
Gingiva
Hard palate
Lower lip
Upper lip
Sub-mandibular gland

34
40
4
2
12
2
6

8(23.5)
22(55)
0(0)
2(100)
6(50)
0(0)
2(33)

26(76.5)
18(45)
4(100)
0(0)
6(50)
2(100)
4(67)

Clinical
Presentation

Ulceration
Swelling/lump
White patch
Exophytic mass

48
36
8
8

22(46)
12(33)
2(25)
4(50)

26(54)
24(67)
6(75)
4(50)

Histological
subtype

Conventional OSCC
Papillary OSCC
Oral Verrucous carcinoma

92
6
2

36(39)
4(67)
0(0)

56(61)
2(33)
2(100)

HistologicalGrade

Well Differentiated
Moderately Differentiated
Poorly Differentiated

64
26
10

34(53)
2(23)
0(0)

30(47)
20(77)
10(100)

P-value
0.04*

0.19*

0.01†

0.54†

0.27†

0.001*

*Pearson Chi-square test †Fisher exact test.

results were seen in local [12] and international studies [20].
In the present study, verrucous carcinoma was taken as
well differentiated by default [9].
Regarding papillary OSCC, all the cases in the present
study were graded as moderately differentiated. However,
in the study conducted on gingival papillary SCC, Fitzpatrick
et al. [21] demonstrated most of the cases as either well or
moderately-well differentiated (88%) while 12 % of the cases
were graded as moderate or moderately-poor. Such variations
in OSCC could be attributed to ethnic and racial disparities
and can be closely related to prognosis.
In the current study, EMMPRIN immunohistochemical expression was evaluated in OSCC cases presenting in our part
of the world. All studied cases of OSCC (100%) were positive
for CD 147 antibody with EMMPRIN (CD147) immunoexpression seen predominantly in tumour cell membrane (Figure 2B)
and also in cytoplasm (Figure 2A) of some cases. This is in
accordance with the immunohistochemical studies done by
Piao et al. [10] in salivary duct carcinoma. Cytoplasmic and
membranous staining pattern acquired by tumour cells may
be attributed to cytoplasmic and membranous domain of
EMMPRIN (CD147), as described by Iacono et al. [22].
According to the immunostaining results of the present
study, more than half of the OSCC cases (60%) were catego-

rized as having high EMMRIN expression score and (40%)
cases showed low EMMPRIN expression scores. No case was
detected showing negative staining. Similar to these findings,
Monteiro et al. [5] showed positive EMMPRIN (CD147) immunoreactivity in all examined OSCC cases with high expression
in 75.7% of the cases.
However, the positive control specimens (normal skin and
buccal mucosa), investigated in the present study, depicted
no strong positive staining with enhanced EMMPRIN staining
in the basal cell layer suggesting the proliferative potential
of EMMPRIN (CD147) (Figure 1). This is in compliance with
the findings of Huang et al. [23], who demonstrated a significantly higher expression in cancer cells compared with
adjacent non-cancerous epithelium in tongue squamous cell
carcinomas. Even though EMMPRIN (CD147) showed weak
positivity in normal epithelial cells, it might be representative
of a physiological role in tissue remodelling under specific
conditions [24].
In the present study, no significant association was instituted between EMMPRIN (CD147) immuno-histochemical
expression and different clinical parameters of OSCC (age,
gender, site, clinical presentation) which is consistent with
other studies [5,25]. Moreover, relation between EMMPRIN
expression and histologic subtypes of OSCC was also found
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to be statistically insignificant (P>0.05). This can be due to
varying morphologic features and biological behaviour of
different histological subtypes. However, we found significant
association (P=0.001) between the low and high EMMPRIN
scores and histological grades of OSCC, where moderate
(77%) and poorly differentiated (100%) OSCCs exhibited high
expression score as compared to well differentiated tumours
(47%). Studies focused on EMMPRIN high and low score [5,25]
are concordant to the findings of the present study demonstrating significant association of EMMPRIN expression with
histological grades of OSCC (P=0.002 & 0.005 respectively).
In contrast to these findings, the study conducted by Huang
et al. [23] on tongue squamous cell carcinoma reported no
significant association between EMMPRIN (CD147) expression
and histologic grades (P=0.962). These discrepancies suggest
different grouping and statistical methods and might be largely
attributable to different governing mechanisms of EMMPRIN
(CD147) expression in cells of different origin.
Since EMMPRIN (CD147) is a multifunctional biological
molecule and an important factor in epithelial connective
tissue interactions, it is likely to play an important role in
OSCC progression. Previously, Baba et al. [26] reported that
blocking CD147 using monoclonal antibody induces cell
death in cancer cells of colon cancer. Thus EMMPRIN (CD147)
might be considered as an objective and effective marker to
predict the invasion and prognosis of OSCC.
To our knowledge, no such documented immunohistochemical study elaborating the role of Extracellular Matrix
Metalloproteinase Inducer (EMMPRIN) in OSCC has been
conducted in Pakistan or any other South Asian country so
there is a lack of data for comparison in this regard. Further
studies on larger sample size are required to explicate the
molecular and genetic mechanisms to assess the tumour
related effects of EMMPRIN (CD147). Better understanding
of the molecular mechanisms causing dysregulated growth
and OSCC progression may provide a basis for discovering
new treatment modalities and can be useful in the development of new molecular therapies and targeting tools. This
area of future research undoubtedly will further improve our
understanding of OSCC carcinogenesis and the role played
by EMMPRIN (CD147).

Conclusion

EMMPRIN (CD147) protein is widely but variably expressed in
all OSCC cases in our population, with a significant association
with the degree of differentiation of the tumour.
The findings of the current study highlight the significance
of EMMPRIN (CD147) expression in relation to cancer progression thus marking its potential for being an attractive target
for immunotherapeutic approaches.
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