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Abstract Background: Oral squamous cell carcinoma is characterized by high degree of local

invasion with metastasis as well as characteristic angiogenic features. Angiogenesis is a critical step

in the growth and metastasis of tumors. Cluster of differentiation 44 (CD44) is a cell surface glyco-

protein which is widely expressed in both physiological and pathological conditions.

Aim: The study was designed to assess the expression of CD44 (NKI-P1) in oral squamous cell

carcinoma associated endothelial cells and to correlate this expression with matrix

metalloprpteinase-9 (MMP-9) and transforming growth factor-beta (TGF- b) expression immuno-

histochemically.

Materials and methods: One hundred fourteen archival oral squamous cell carcinoma cases were

used in this study. Immunohistochemistry was performed for CD44 (NKI-P1), Ki-67, cluster of dif-

ferentiation 31(CD31), podoplanin (D2-40), MMP-9 and TGF- b. Microvessel density was also

determined morphologically. Results: CD44 was expressed in (CD31+/ Podoplanin –) blood vas-

cular endothelial cells in a strong cytoplasmic fashion. In addition, the extracellular matrix proteins

(MMP-9 and TGF-b were expressed in oral squamous cell carcinoma stroma which was enriched

with CD44 + blood vessels. The mean numbers of microvessel density in connective tissue beneath
rtment,
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normal epithelium and different grades of oral squamous cell carcinoma stroma were 5.8, 22.1, 22.4

and 23.5, respectively with the P-value < 0.05, where a significant statistical difference between

microvessel density in the connective tissue beneath normal epithelia and stroma of all grades of

oral squamous cell carcinoma was found. Conclusion: CD44 (NKI-P1) is considered a potential

marker of oral squamous cell carcinoma angiogenesis and it can be used as a valuable biomarker

of tumor invasion and as a therapeutic target for anti-angiogenic therapies.

� 2021 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Oral squamous cell carcinoma (OSCC) has a confrontational

malignancy characteristic features originating from squamous
epithelium of the oral mucosa and is considered the most com-
mon type of head and neck cancers (Siegel et al., 2017). One of

the characteristics of OSCC is the high degree of local invasive-
ness as well as high metastatic and recurrence rates (Bettendorf
et al., 2004).

Despite the improved therapeutic modalities, the survival of
patients with oral cancer has remained consistent (Neville and
Day, 2002). The high rate of relapse in OSCC indicates insuf-
ficiency of current prognostic factors in predicting the meta-

static potential and tumor outcomes (Cortesina and
Martone, 2006). Moreover, it has been widely accepted that
growth and metastasis are angiogenesis-dependent where the

new blood vessels nourish the tumor by supplying oxygen
and nutrients and are crucial for its growth. Therefore, block-
ing angiogenesis could be a strategy for tumor growth arrest

(Folkman, 2000).
Cluster of differentiation 44 (CD44) is a transmembrane

80–90 kDa cell surface adhesion molecule glycoprotein which

is widely expressed in physiological and pathological condi-
tions with different splicing variants (Senbanjo and
Chellaiah, 2017). It is a cell surface receptor for hyaluronic
acid (HA) and the binding of both occurs through the

amino-terminal HA-conserved binding region of CD44
(Isacke and Yarwood, 2002). Some of the cells such as epithe-
lial cells, leukocytes, tumor cells and vascular endothelial cells,

show the cell surface adhesion receptor characteristics (Isacke
and Yarwood, 2002).

Interaction of CD44 with ligands at the extracellular

domain is essential for cell signaling regulation (Basakran,
2015). In this context, CD44 acted as a protein responsible
for cellular attachment to the extracellular matrix, angiogene-

sis, migration and invasion depending on its splicing variant
(Desai et al., 2007). In different types of cancers, CD44 is also
a known marker of cancer stem cells and carcinoma cells pro-
duce many variants of CD44 (Hiraga et al., 2013).

Several angiogenic markers that play a role in tumor angio-
genesis have been extensively investigated such as fibroblast
growth factor (FGF), transforming growth factor-a (TGF-

a), TGF-b, vascular endothelial growth factor (VEGF),
angiopoietins, tumor necrosis factor (TNF), interleukin-8
(IL-8), hepatocyte growth factor (HGF) and angiogenin

(Ferrara, 2011). However, little is known about the expression
pattern and functional characteristics of CD44 in OSCC asso-
ciated endothelial cells. It has been clarified that TGF- b and
matrix metalloproteinase-9 (MMP-9) play a role in tumor

angiogenesis and progression (Qin and Ivan, 2000). Moreover,
previous reports demonstrated an interaction between CD44
and both TGF- b and MMP-9 in different neoplasms and that

interaction is required to enhance tumor growth and invasion
(Olofsson and Porsch, 2014; Ludwig et al., 2019). Therefore,
this study was aimed to correlate the immunohistochemical

expression of CD44 in OSCC associated vascular endothelial
cells with that of TGF- b and MMP-9 to verify the relationship
of CD44 with tumor angiogenesis and progression.

2. Materials and methods

2.1. Selection of cases

The present study was conducted in oral pathology depart-
ment, Faculty of Dentistry, Tanta University. The period of

the study was five years, from January 2015 to January 2020.
A total of 114 archival OSCC cases were collected. These cases
were histologically diagnosed as OSCC with the following

grades well differentiated (n = 54), moderately differentiated
(n = 42) and poorly differentiated (n = 18). Normal oral
epithelium is included from 20 gingivectomy cases (as a control

group) after obtaining their written consent.
The research proposal and the experimental protocol of the

surgical materials was reviewed and analyzed after having the
approval of the Ethical Board, Faculty of Dentistry, Tanta

University.

2.2. Inclusion criteria

All OSCC cases of primary origin in all intraoral sites were
included in this study.

2.3. Exclusion criteria

Cases with distant OSCC metastasis as well as regional lymph
node OSCC metastasis were excluded.

2.4. Conventional hematoxylin and eosin staining

The samples were fixed using formalin (10%) and were pro-
cessed and embedded in paraffin. Hematoxylin, eosin and

immunohistochemical staining was performed using the serial
sections cut at 5 lm from paraffin blocks.

2.5. Antibodies

Mouse monoclonal antibodies against human CD44 (clone
NKI-P1), Ki-67 (MIB 1), podoplanin (D2-40, IgG1), CD31

(JC70A, IgG1) were purchased from Dako (Glostrup, Den-
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Fig. 1 A photomicrograph of H&E stained tissue sections reveal

normal oral epithelia (A) with underlying connective tissue

containing less number of CD44 + blood vessels (B). Hema-

toxylin and eosin (HE) (a) and immunoperoxidase stains for CD44

(b) hematoxylin counterstain. (a, b) � 100.

Table 1 Blood vessel density in the connective tissue beneath

normal epithelia and in different grades of OSCC stroma.

ANOVA * p-value < 0.05.

mean BVD number

Normal epithelia (control) (n = 20) 5.8

Well differentiated OSCC stroma (n = 54) 22.1

Moderately differentiated OSCC stroma (n = 42) 22.4

Poorly differentiated OSCC stroma (n = 18) 23.5
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mark). Mouse monoclonal antibodies against human MMP
�9 (clone 56-2A4) was purchased from Daiichi fine chemical
co. ltd. Rabbit polyclonal antibody raised against a peptide

mapping at the C-terminus of TGF-ß1 [(V): sc-146] of human
origin were obtained from Santa Cruz Biotechnology, Inc.

2.6. Immunohistochemistry

Immunohistochemistry was done using the ChemMate Envi-
sionTM system (Dako). For CD44, Ki-67, podoplanin and

CD31, sections were autoclaved in citrate buffer (pH 6.0) for
10 min at 121 �C. Then, sections were treated with 0.3%
hydrogen peroxide in methanol for 30 min at room tempera-

ture to block endogenous peroxidase activity and incubated
with 5% milk protein in 0.01 M phosphate-buffered saline
(PBS, pH 7.4) containing 0.05% Triton X-100 (T-PBS) for
1 h at room temperature to block non-specific protein binding

sites. They were then incubated overnight at 4�C with the pri-
mary antibodies diluted at 1:100 (CD44, Ki-76, podoplanin,
CD31 and MMP – 9) and at 1: 50 for (TGF-ß1) in PBS. Once

the overnight incubation was completed, the sections were
incubated with the Envision reagents for 1 h at room temper-
ature. Reaction products were visualized with 0.02% 3, 30-

diaminobenzidine in 0.05 M Tris-HCl buffer (pH 7.6) contain-
ing 0.005% hydrogen peroxide. Finally, the sections were
counterstained with hematoxylin. For control studies, the pri-
mary antibodies were replaced with preimmune IgGs.

2.7. Counting of microvessel density (MVD)

The entire sections were scanned at low magnification in order

to identify the most highly vascularized areas (hot spots), and
three hotspot areas were photographed at high magnification
using a 20 � objective lens. Blood vessels that were positive

for CD44 were counted manually in a unit field of 0.54 mm2

and considered MVD. Then, the average was computed and
the statistical significance of differences was determined using

Anova test (Maturana-Ramı́rez et al., 2015).

2.8. Statistical evaluation

The data obtained in the present study were collected, tabu-

lated and analyzed statistically using the ‘‘SPSS 21” (Statistical
Package for Scientific Studies) (SPSS Inc., Chicago, Illinois,
USA). The probability value (p -value with 0.05) was used in

the assessment of the significance. The data was analyzed with
segregation of the data based on the group. The mean and
standard deviation with the test performed was ANOVA with

Post Hoc test to study and analyze the difference between the
groups and In between the group (Intra and Inter).

3. Results

3.1. CD44 expression beneath normal epithelia and in oral
squamous cell carcinoma associated blood vessels

In normal epithelia, there was less CD44 expression in the
underlying connective tissue stroma associated blood vessels

with low MVD (Fig. 1 A and B). The mean numbers of
MVD in connective tissue beneath normal epithelium and dif-
ferent grades of OSCC stroma were 5.8, 22.1, 22.4 and 23.5
respectively (Table 1). The difference was statistically signifi-
cant (P-value < 0.05) only between MVD in the connective tis-

sue beneath normal epithelia and stroma of all grades of
OSCC. It was observed with probability value more than
0.05 between the MVD in stroma of all grades of OSCC.

Table 2 showing the statistical significance (P-value 0.001)
within and between the groups. In well-differentiated OSCC,
where there are numerous islands of malignant epithelial

cells with central keratin formation (Fig. 2A), OSCC stroma
was enriched with CD44 + blood vessels (Fig. 2B).

Moderately differentiated OSCC (Fig. 2C and D) where
there are islands of malignant epithelial cells invading the con-

nective tissue was observed. Most of the malignant cells were
Ki-67 positive. (Fig. 2C, inset). Expression of CD444 was evi-
dent in OSCC associated endothelial cells (F 2D). In OSCC,

poorly differentiated (Fig. 2E) where there are scattered malig-
nant epithelial cells invading the connective tissue with loss of



Table 2 ANOVA analysis with pairwise comparison of inter

and intra groups. ANOVA/ post-hoc * p-value < 0.001.

ANOVA analysis

Significance

MMP-9 Between Groups <0.001*

Within Groups

Total

TGF- beta Between Groups <0.001*

Within Groups

Total

CD44 Between Groups <0.001*

Within Groups

Total
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cellular cohesiveness as well as increased mitotic figures, there
were numerous blood vessels that were positive for CD44

(Fig. 2F) in a strong cytoplasmic fashion.

3.2. CD44 positive endothelial cells are of vascular but not of
lymphatic origin

In OSCC stroma, numerous endothelial cells showed strong
cytoplasmic expression for CD44 (Fig. 3A). These CD44 pos-

itive cells were positive for CD31 (Fig. 3B) but not for podo-
planin (Fig. 2C). These findings indicate that CD 44 positive
endothelial cells are of vascular but not of lymphatic origin.

3.3. CD44 correlation with OSCC extracellular matrix proteins

In this study, we investigated the expression of two extracellu-
lar matrix (ECM) proteins MMP-9 and TGF-b to assess the
Fig. 2 A photomicrograph of H&E stained tissue sections exhibit a

epithelial cells with keratin pearl formation (A); CD44 + blood ve

epithelial cells in a case of moderately differentiated OSCC (C) mo

Another case of OSCC reveals invasive scattered malignant epithelial c

numerous blood vessels with CD44 positivity with intense cytoplasm

Hematoxylin and eosin (HE) (a, c and e) and immunoperoxidase stain
correlation between CD44 with these proteins in the process
of tumor angiogenesis. The extracellular matrix proteins were
expressed in OSCC stroma that was enriched with

CD44 + blood vessels (Fig. 4A), MMP-9 (Fig. 4B) and
TGF-b (Fig. 4C). We found that CD44 was highly expressed
in OSCC associated blood vessels due to exposure to these

ECM proteins. The association of CD44 with MMP-9 and
TGF-b may increase CD44 expression on OSCC associated
blood vessels, which enables endothelial cell union with

ECM components and facilitates tumor neovascularization
and induction of new vessel formation in OSCC stroma.

4. Discussion

Angiogenesis is defined as the process of formation of new
blood vessels sprouting out from preexisting ones. It is

considered a crucial step in the progression of almost all
human malignancies including OSCC (Michael and Taija,
2017). Hence, antiangiogenic therapy may appear to be
effective strategy for treatment of angiogenesis-dependent

diseases such as cancer (Fallah et al., 2019).
Indeed, many angiogenic factors such as TGF-a, TGF-b,

VEGF and matrix metalloproteinase-9 (MMP-9) have been

reported (Ferrara, 2011). In the present study, we demon-
strated the expression of CD44 in OSCC associated blood ves-
sels. Interestingly, the extracellular matrix proteins MMP-9

and TGF-b were expressed in OSCC that was enriched with
CD44 positive blood vessels.

Immunohistochemically, we used CD31 as vascular
endothelial cell marker and D2-40 (podoplanin) as lymphatic

endothelial cell marker to confirm that OSCC associated
endothelial cells were positive with them (Fukunaga, 2005;
Liu and Shi, 2012).
case of OSCC (well-differentiated) showing islands of malignant

ssels are shown in the stroma of OSCC (B). Invasive malignant

st of these malignant cells exhibit Ki-67 immunostaining (inset).

ells in poorly differentiated OSCC (E) The stroma of OSCC shows

ic expression for CD44 in vascular endothelial cells (F) (arrows).

s for CD 44 (b, d and f)); (a -f) � 200.



Fig. 3 A photomicrograph shows a stroma of OSCC demon-

strating numerous endothelial cells with strong positivity for

CD44 (A). These vessels exhibit CD31 positivity (B) (arrow) but

no immunoreactivity for D2-40 is seen (C) (arrow head). CD31+/

Podoplanin – blood vessels were also strongly positive for CD44.

Immunoperoxidase stains for CD44 (a), CD31 (b), and D2-40 (c)

(a) � 400 (b, c) � 200.

Fig. 4 The expression of extracellular matrix proteins MMP-9

(B) and TGF-b (C) (arrows) are seen in OSCC stroma that

exhibits CD44 immunostaining (A). Immunoperoxidase stains for

CD44 (a), MMP-9 (b) and TGF-b (c) hematoxylin counterstain.

(a, b) � 400 (c) � 200.
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The findings of this study are consistent with those of Kim

et al who demonstrated high expression of CD44 in epithelial
ovarian cancer associated endothelial cells as compared to nor-
mal tissue (Kim et al., 2018). Moreover, it has been reported
that CD44 was involved in blood vessel formation and that

tumor and wound angiogenesis were restrained after blocking
CD44 function, particularly the specific isoform CD44 v6 with
anti-CD44 antibody (Cao et al., 2006).

A variety of settings based on physiological and patholog-
ical conditions occurs by the binding of CD44 and its isoforms
to numerous extracellular matrix components such as HA and

MMPs (Isacke and Yarwood, 2002). It has been demonstrated
that the diversity of CD44 function may result from large num-
ber of isoforms produced by alternative splicing and their sub-

sequent changeable glycosylation as well as posttranscriptional
CD44 modifications (Senbanjo and Chellaiah, 2017). The
CD44 initiates the pathways after binding to its immobilized
ligand HA, which promotes the angiogenesis in tumors
(Misra et al., 2011). Moreover, it has been recognized that
CD44-hyaluronate interactions may be more important for

migration and differentiation that include endothelial cell tube
formation during the process of angiogenesis (Trochon et al.,
1996).

In accordance with our findings, Ludwig et al illustrated a
strong relationship between CD44 expression and various
proangiogenic factors such as VEGF, FGF and TGF-b
(Ludwig et al., 2019). Moreover, CD44 was shown to enhance
MMP-9 activation and tumor angiogenesis is initiated by acti-
vation of TGF-b via a CD44-dependent MMP-9 activation

(Qin and Ivan, 2000). In this context, it seems that the cleavage
of latent TGF-b in a CD44-dependent manner can promote
tumor growth and invasion as a result of induction of angio-
genesis that occurs due to remodeling of endothelial pericellu-

lar matrix (Qin and Ivan, 2000; Ludwig et al., 2019).
An additional interesting correlation between CD44 and

extracellular matrix proteins in which CD44, and matrix met-

alloproteinase 9 (MMP-9) form a complex on the surface of
TA/St mouse mammary carcinoma cells that activates latent
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transforming growth factor-beta (TGF-b) and is required for
tumor invasion (Yu and Stamenkovic, 2004). In addition,
Knockdown of CD44 resulted in an inability to form a tubular

network and the interaction between CD44 and hyaluronan
regulates microvascular endothelial cell tubulogenesis
(Olofsson and Porsch, 2014).

In conclusion, CD44 is expressed in OSCC associated
endothelial cells as an activation marker associated with prolif-
eration and angiogenesis. Furthermore, CD44 expression is

correlated with the extracellular matrix proteins MMP-9 and
TGF-b. Therefore, this study provides important new insights
into the pivotal role of CD44 in OSCC angiogenesis and we
suggest that CD44 might be a useful therapeutic target for

anti-angiogenic therapies. However, further investigations are
highly recommended to identify the exact mechanism of
CD44 in the process of angiogenesis in OSCC.

Declaration of Competing Interest

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

References

Basakran, N.S., 2015. CD44 as a potential diagnostic tumor marker.

Saudi Med. J. 36 (3), 273–279.
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