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Prognostic Significance and Therapeutic
Implications of CD34, an Angiogenic

Marker, in Oral Squamous Cell
Carcinoma: A Narrative Review
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ABSTRACT

Head and neck cancer is the 7" most common malignancy worldwide. Few decades earlier, there has been an enormous rise in
genetic events as the source in the development of Oral Squamous Cell Carcinoma (OSCC) and metastasis to various organs. The
seeding of neoplastic cells occurs via blood vessels (haematogenous spread), lymphatics (lymphogenous spread), or invasion into
body cavities (transcoelomic spread). Neoangiogenesis results in haematogenous spread from the site of the primary tumour. Various
angiogenic markers have been recognised, like Vascular Endothelial Growth Factor (VEGF), Angiopoietin-1 (Ang-1), Ang-2, Cluster of
Differentiation (CD34), in head and neck neoplasms. The specificity and sensitivity of CD34 helps in vascular endothelial cell staining.
CD34 is a type | transmembrane molecule of 110 kDa that is heavily glycosylated and expressed on haematopoietic progenitor
cells selectively. The quantification of new blood vessels using CD34 antibody by Microvessel Density (MVD) can be used as a
diagnostic and therapeutic indicator in many solid malignancies, like OSCC. Increased expression of positive CD34 antibody induces
neoangiogenesis in neoplasms, upsurges the stemness of cancer and boosts its potential to metastasise. In this context, the present
review focuses on use of CD34 antibody as a potential angiogenic marker that can be used to determine the the aggressiveness and

potential outcome of the tumour based on the literature overview.
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INTRODUCTION

Cancer is a multifactorial disease resulting from alteration in both the
genotype and phenotype of predisposed persons [1]. Oral Squamous
cell carcinoma is commonest neoplasm in head neck tumours. Its
prevalence is observed in population at 5" decade of life. However,
recently it has shown a marked incidence in adults ranging between
3 and 4" decades of life [2-5]. The risk factors majorly include
are tobacco, areca nut in different forms along with consumption
of alcohol. In last couple of decades, in spite being advancement
in treatment, diagnosis and study of the molecular mechanisms of
OSCC, their still remains a high mortality rate and only a 5-year
survival rate of the malignancy [6]. Among the six hallmarks of OSCC,
as depicted in [Table/Fig-1], metastasis is the major risk factor that
determines the prognostic outcome. Metastasis occurs through
haematogenous spread, lymphagenous spread, or transcoelomic
way. Neoangiogenesis is an essential process of many head and
neck malignant tumours, as they are incapable of growing beyond
1-2 mm in size without it, thus facilitating invasion and metastasis
[7]. Formation of new blood vessels is an essential mechanism
physiologically that aids in healing of wounds, regeneration of organs
and growth in postnatal life; however, it can pathologically causes
progression in solid malignancy. Hence, neovascularisation forms
a crucial step in altering the tumour microenvironment essential for
survival of malignant cells. The vascular architecture in these newly
formed blood vessels are highly disorganised, with huge gaps and
termed as leaky vessels. The seeding of neoplastic cells occurs
effortlessly and is implicated in the progression of OSCC and other
head and neck tumours [8]. In malignancy the cancer cells follow an
exponential growth pattern. The expression of various oncogenic
proteins, along with diminished tumour suppressor genes, allows
these cells to gain limitless potential to divide unprecedentedly,
thereby forming the primary tumoural site. These neoplastic cells
alter their phenotype subsequently and then break away from the
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[Table/Fig-1]: Cycle of events occurring in the tumoural microenvironment of solid
malignancies.

EMT: Epithelial-mesenchymal transition

site and enter the circulation via vascular or lymphatic pathways and
establishes at new tissue organ [9].

Neovascularisationin OSCCis directly proportional to aggressiveness
of the tumour, that in turn affects prognosis, metastasis and
recurrence [10,11]. Newly formed blood vessels in the primary
tumour have architectural abnormalities, increases the opportunity
for neoplastic cells to invade the circulation. The blood vessels are
abnormal, with incomplete or missing endothelial linings, interrupted
or no basement membranes, lack of pericytes and physiological
receptors [12,13]. Aberrant vascular architectures, such as
contour irregularities, tortuosity, elongation of vessels, plenty of
arteriovenous shunts and chaotic vascular networks, are seen in
tumour neovascularisation. These alterations in the morphology of
blood vessels affect functionality, like absence of vasomotion and
shunt perfusion, obstruction of microvessels by leukocytes and
tumour cells. This ensures in platelet aggregation, microthrombosis,
haemoconcentration, interstitial backflow, extravasation of blood
cells and haemorrhage [14,15]. Quantification of these vessels by hot
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spot method, which denotes MVD, can be used as an appropriate
method to correlate recurrence, metastasis and tumoural size in
solid malignancies like OSCC [16].

Hypoxia is known to be very important trigger of angiogenesis and
induces the synthesis of VEGF, which, in turn, induces synthesis of
Angiopoietins. Angiopoietin-2 (Ang-2) causes detachment of pericytes
from vascular wall and induces vessel destabilisation. Consecutively,
VEGF stimulates Endothelial Cells (ECs) in destabilised vessels to form
neovessels by promoting protein synthesis for Extracellular Matrix
(ECM) degradation and by promoting EC migration and proliferation.
ECs of neovessels produce Platelet-derived Growth Factor (PDGF),
which attracts pericytes to neovessels. Maturation of neovessels
occurs when pericytes attach to the ECs of neovessels, resulting in
activation of transforming growth factor-p [17]. Hence, in the present
era angiogenic markers with high specificity and sensitivity need to be
identified that can be used in diagnosis to understand the potential
outcomes of the disease course and recurrences in OSCC.

The CD34 is a 110 kDa transmembrane phosphoglycoprotein
expressed on haematopoietic stem cells. Among the several
transmembrane glycoproteins of CD34 family, the significant ones
are CD34 haematopoietic antigen, endoglycan and podocalyxin.
These proteins are utilised as biomarkers for stem, endothelial
and haematopoietic precursor cells. They also play a crucial role
in various cellular process like proliferation of progenitor cells, the
maintenance of stemness of these subtypes ofimmature cells (which
can be programmed to differentiate into any cell type), regulating cell
adhesion and promoting the migration of haematopoietic cells. The
role of CD34 is multifaceted. These groups of proteins also regulate
the process of immune system by facilitating lymphocytic adhesion
to high endothelial venules [18].

These cellular processes are indicated in both the physiological
repair of various tissues and organ and also in the development and
growth of variety of malignancies, like OSCC. Many studies have
found that CD34 markers on Cancer Stem Cells (CSCs) are known
to promote metastasis and recurrence in tumours [19]. Moreover,
the expression of CD34 antibodies on CSCs can interfere with
conventional cancer therapy. Therefore, the use of CD34 markers
in CSC research and therapy warrants an in-depth research that
will help to improve patient outcomes. Further investigations are a
prerequisite to recognise their potential limitations and risks [18]. The
present review elucidates the role of CD34 as a vascular progenitor
marker in the prognosis of OSCC and its therapeutic applications
based on currently available literature.

Various Markers for Angiogenesis and Microvessel
Density (MVD)

The progression of tumours can be assessed by measuring the MVD
in various head and neck carcinomas [20]. The most commonly
used antibodies are VEGF, CD31, CD34 and CD105, that stain the
endothelium of the blood vessels [21]. In a study assessed in 100
patients with Hepatocellular Carcinoma (HCC) using two parameters,
namely CD34 and von Willebrand Factor (VWF), showed that CD34
is a superior endothelial marker than VWF and a high MVD-CD34
predicts early recurrence in HCC [22].

Mast Cell Density (MCD) is also associated with MVD. An increase
in MVD results in an increase of MCD, suggesting that mast cells
are attracted at the lesion site, which turns on an angiogenic switch
in the course of tumourigenesis in OSCC [23]. In another study,
immunohistochemical staining was done using three endothelial
markers viz., VWF, CD31, CD34-in OSCC patients, showed that
MVD is a prerequisite for assessing the disease outcomes. MVD-
CD34 proved to be a useful marker that specifically stains the
endothelial vasculature in malignancy [24].

The MVD, as measured by the hotspot method of Weidner, is a useful
prognostic indicator in variety of solid malignancies. Thus, angiogenic
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switch occurs initially in the development of OSCC and its rate of
neovascularisation is directly proportional to tumour progression [25].

CD34 and its Role as a Prognostic and Diagnostic
Marker in OSCC

The CD34 antigen, an angiogenic marker, is a heavily glycosylated
type | transmembrane molecule that can be phosphorylated by
diverged kinases, like Protein Kinase C and Tyrosine kinases. The use
of appropriate antibody in clinical settings and research laboratory
has been detected by distinct CD34 Monoclonal Antibodies (MAbs)
through an array of its epitopes. In-depth analyses of the structure
of CD34 have established that it is a sialomucin. The morphology of
CD834 is characterised by the presence of carbohydrate moieties in
its extended N-terminal region. This uniqueness helps in determining
its reciprocation with diverged ligands [26].

A heterogeneous population of cell types expresses the CD34
antigen. The cell that show positive expression include subsets
such as small vessel endothelial cells, tumours of epithelial origin,
embryonic fibroblasts, bone marrow stromal progenitors, some cells
in foetal and adult nervous tissue, areolar tissue, fat and somatic
and visceral collagenous connective tissue [27-29]. Studies have
shown that haematopoietic progenitors derived from foetal yolk
sac, embryonic liver and extrahepatic embryonic tissues within
5-week embryo, several myxoid, fibrovascular and fibrohistiocytic
mesenchymal tumours, fatty tumours derived from primitive
fibroblast-like dendritic cells, also express CD34 [29-31].

The CD34 expression is also noticed in leukaemias, such as acute
myeloid leukaemia (40%), pre-B acute lymphoblastic leukaemias
(65%), acute T-lymphoid leukaemias (1.5%). Negative expression
of CD34 is observed in chronic phase leukaemias and lymphomas
[32,33].

Many studies have revealed a gradual increase in vascularity
from normal mucosa to premalignancies cases like dysplasia
and ultimately to Oral Squamous Cell Carcinoma (OSCC) [34-
36]. The determination of neoangiogenesis in tumours, indicated
by a vascular endothelial cell membrane marker, is a prerequisite
for understanding tumour progression. CD34, which stains the
membranes of endothelial cells, helps ascertain MVD in both
metastatic and non metastatic OSCC [36].

The hotspot method introduced by Weidner N et al., to quantify MVD
is mostly accepted, as it indicates the process of neovascularisation
commonly found in the primary tumours [37]. In patients with OSCC,
a high MVD was noted and CD34, being a vascular endothelial
marker, can be used to assess MVD, reflecting tumoural angiogenesis
[37,38]. In a study, MVD was compared between different stages
of colorectal adenocarcinoma using CD34 and variations in the
staining of the endothelial cell membrane, which showed high MVD
observed in metastatic cases. The possible explanation for this
variation is due to imbalance in the local or systemic stimulators
and inhibitors of endothelial cell proliferation, resulting in disparity of
neovascularisation in primary and metastatic tumours [39].

Thus, assessing MVD by using the hotspot areas of CD34 expression
as a potential angiogenic marker can be applied to assess the
aggressiveness and potential outcome of the tumours. The staining
distribution of CD34 in the intratumoural region exhibited increased
MVD in the peritumoral region than intratumoural region suggestive
that the density of vessels was more in the advancing tumour front
than the interior of the tumour itself [40]. Various studies support
the phenomenon that angiogenesis is an important modulator for
prognosis of OSCC. High MVD in primary OSCC increases the
possibility for its metastasis, that affects the treatment modality in
these patients [41-43].

The increased MVD in the tumoural tissue can also be attributed
to hypoxia. Hypoxia causes a decrease in oxygen concentration,
promotes angiogenesis, that in turn affects the aggressiveness and
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progression of tumours. The most common factor that is increased
in hypoxia is Hypoxia Inducible Factor (HIF), which stimulates
neoangiogenesis. Solid tumours cannot grow more than 4 mm in
the absence of oxygen; Hence, formation of these faulty new blood
vessels promotes survival of the neoplastic cells and affects the
process of metastasis [44].

Therapeutic Implications of CD34

Initially, CD34 protein was identified in haematopoietic stem cells and
was used as a biomarker of haematopoietic stem cell progenitors.
But, research in the last decade has shown its expression in various
other cell types, such as fibrocytes, endothelial cells, interstitial cells
and other non haematopoietic cells. This has expanded the research
field for its potential therapeutic uses. The basic concept is to identify
ways to guide CD34+ stem cells toward tissue renewal [18].

Tissue ischaemia mobilises endothelial precursor cells from bone
marrow into bloodstream, through which them to reach the site of
ischaemia and release cytokines to promote neovascularisation.
This knowledge is utilised to transfer CD34+ haematopoietic
progenitor cells for haematopoietic reconstitution. Intracoronary
transfusion of autologous CD34+ endothelial cells has been studied
for coronary neovascularisation in patients unfit for bypass surgery
[19]. Similarly, it has been shown that transplantation of CD34+ cells
into the hepatic artery in patients with severe liver disease improves
circulation in liver of these patients. CD34+ Haematopoetic Stem
Cells (HSC) transplantations have exhibited encouraging results
in patient with diabetes mellitus as a measure of regeneration of
pancreatic cell regeneration.

The CD34+ Cancer Stem Cells (CSCs) have been identified in
leukaemia, breast cancer, lung cancer and other malignancies,
where CD34+ CSCs have shown greater regenerating capacity and
increased tumour infiltration capacity, when compared to CD34-
negative cells. Hence, CD34+ can be used as a marker to predict
tumour aggressiveness and resistance to chemotherapy in certain
cancers. CD34+ proteins modulate the activity of integrins, which
in turn interacts with selection to modulate signal transduction
pathways mostly related to neovascularisation and thus tissue
regeneration. This property of CD34+ has opened the floodgates
of research for its therapeutic implications in solid tumours, like
OSCC [28].

CONCLUSION(S)

Angiogenesis is an important mechanism in cancer cell growth
and spread. It influences survival rates, as greater angiogenesis
favours increased metastasis and lesser survival rate. The study
of angiogenic markers using pan-endothelial markers and their
quantification by the hotspot method provides us with MVD, which
facilitates prognosis in patients suffering from OSCC. In comparison
to pan-endothelial markers, CD34 serves as more specific marker
to denote the MVD, that stains specifically stains the endothelial
membranes of newly formed blood vessels. Hence, suggestive that
increased CD34 positivity is a potential indicator of poor prognosis
and recurrence of OSCC.
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