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Abstract
The microenvironment of oral cancer is highly dynamic and has been proved to affect tumor progression. Pericytes are blood 
vessels surrounding cells that have recently gained attention for their roles in vascular and cancer biology. The objective of 
the present study was to survey the scientific literature for conclusive evidence about whether pericytes are part of blood 
vessels in oral squamous cell carcinoma (OSCC) and their roles in the tumor microenvironment and clinical outcomes. A 
systematic electronic search was undertaken in Medline Ovid, PubMed, Web of Science, and Scopus. Eligibility criteria 
were: publications adopting in vivo models of OSCC that included pericyte detection and assessment by pericyte markers 
(e.g., α-smooth muscle actin, neuron-glial antigen 2 and platelet-derived growth factor receptor-β). The search yielded seven 
eligible studies (from 2008 to 2018). The markers most commonly used for pericyte detection were α-smooth muscle actin 
and neuron-glial antigen 2. The studies reviewed showed the presence of immature vessels exhibiting a reduction of pericyte 
coverage in OSCC and indicated that anti-cancer therapies could contribute to vessel normalization and pericyte regain. 
The pericyte population is significantly affected during OSCC development and cancer therapy. While these findings might 
suggest a role for pericytes in OSCC progression, the limited data available do not allow us to conclude whether they modify 
the tumor microenvironment and clinical outcome.

Keywords Alpha-SMA protein · Neuron-glial antigen 2 · Oral cancer · Oral squamous cell carcinoma · Pericytes · Platelet 
derived growth factor receptor beta protein

Introduction

Pericytes were first identified in the nineteenth century 
by Rouget as a group of contractile cells surrounding the 
endothelial cells (ECs) of small blood vessels [1, 2]. They 

are a diverse group of cells of heterogeneous origin and 
functionally associated with vessel diameter, permeability 
and endothelial cell proliferation [3–5]. Other physiological 
roles of pericytes are leukocyte recruitment [6], the regula-
tion of blood–brain barrier homeostasis [7] and kidney blood 
pressure [8].

Pericyte coverage (PC), i.e., the proportion of pericytes 
relative to endothelial cells, pericyte morphology and peri-
cyte contact with ECs vary in different organs [9]. The 
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most pericyte-covered area is observed in the blood–brain 
barrier with a ratio of 1:1 to 3:1 ECs for each pericyte 
[10]. Conversely, a PC of 1:100 has been observed in 
human skeletal striated muscles [11, 12]. Changes in PC 
have been associated with different pathological process 
such as diabetic retinopathy [13], Alzheimer’s disease 
[14], glomerulosclerosis [8], and several types of neo-
plasms [15–20].

PC exhibits significant changes in tumors of different 
origins. In glioblastomas and renal cell carcinomas, PC 
varies between 10 and 20%, while in mammary and colon 
carcinomas, the PC rate was 70% [15]. Tumors with fewer 
pericytes are generally characterized by dense neovascu-
larization with active EC proliferation [15, 19].

In the neoplastic environment, pericytes interplay with 
a variety of extracellular matrix components and cell types 
[20]. Due to their multipotency, pericytes detached from 
the tumor microvasculature may operate as mesenchymal 
stem cell precursors, generating other stromal cells such 
as fibroblasts, which are known to contribute to tumor 
invasion and metastasis [21–24]. Because tumoral vessels 
are in a constant state of remodeling, pericytes in tumoral 
beds differ from habitual pericytes. Overall, they are more 
loosely attached to the ECs, and their cytoplasmic pro-
cesses can extend into the tumor tissue [25]. Recently, it 
has been proposed that pericytes may provide a cellular 
target for pharmacological interventions based on angio-
genesis inhibition [16, 26–29].

PC has been correlated with clinical parameters and its 
increase in melanoma, renal cell and ovarian carcinomas 
has been demonstrated to result in an unfavorable progno-
sis [16, 17]. In contrast, in colorectal cancer, the absence 
of PC was correlated with poor prognosis and metastasis 
[18]. In OSCC, PC distribution and its association with 
clinical outcomes have been less defined [30–36]. There-
fore, the objective of this systematic review was to inte-
grate the available data published in the literature in order 
to obtain conclusive evidence about whether pericytes are 
part of tumor vessels in OSCC and about their potential 
roles in neoplastic behavior.

Materials and Methods

Protocol and Registration

The reporting of the present systematic review conforms 
to the Preferred Reporting Items for Systematic Reviews 
and Meta-analyses (PRISMA) Statement [37]. A protocol 
was drafted and registered with the International Prospec-
tive Register of Systematic Reviews (PROSPERO, No. 
CRD42019128572).

Eligibility Criteria

Eligibility criteria were: publications adopting in vivo mod-
els of OSCC that included pericyte assessment or pericyte 
identification by pericyte markers [e.g., α-smooth muscle 
actin (α-SMA), neuron-glial antigen 2 (NG2) and platelet-
derived growth factor receptor-β (PDGFR-β)]. Letters to 
the editor, review articles, in vitro studies, studies in which 
some of the main pericyte markers were not used for peri-
cyte detection and studies that did not include OSCC were 
excluded.

The PECO elements were as follows:

P (Patients): humans or animals;
E (Exposure): oral squamous cell carcinoma;
C (Comparison): no comparison;
O (Outcome): pericytes/pericyte markers.

Information Sources and Search Strategies

Computerized searches without publication date restrictions, 
but limited to publications in the English language, were 
undertaken in June 2019 and updated in May 2020 in the fol-
lowing electronic databases: Medline Ovid, PubMed, Web 
of Science and Scopus. The keywords used are reported in 
Appendix S1.

Hand searches were also conducted by cross-checking 
the reference lists of the included articles for the identifica-
tion of publications that might have been missed during the 
searches in the electronic databases. Finally, a search using 
Google Scholar limiting the search to the first 100 hits was 
conducted. The retrieved references were exported to the 
EndNote software (Clarivate Analytics, Toronto, Canada). 
Duplicates were removed upon identification.

Study Selection

The titles/abstracts of all references retrieved were assessed 
independently by two review authors (I.B.V. and L.F.S.) 
and references whose title/abstract met the eligibility crite-
ria were included. The full texts of the articles with titles/
abstracts providing insufficient information for a decision 
were assessed and the references that met the eligibility cri-
teria were included. Disagreements between review authors 
were resolved upon discussion with a third review author 
(T.A.S.).

Data Extraction

The following data (when available) were extracted on a stand-
ard form from each study included: first author’s last name, 
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publication year, country where the study was conducted, 
study design and number of case(s) in the sample, methodol-
ogy used, antibody assessed, and results with respect to peri-
cyte identification.

Quality Assessment

For animal studies, the included articles were critically 
appraised using the SYRCLE’s risk of bias tool [38], and 
for studies with humans, they were appraised using the Uni-
versity of Adelaide critical appraisal tool for cross-sectional 
[39], as shown in Appendix S2.

Results

Search Results

A total of 1002 records were retrieved across the electronic 
databases. Thirty-eight references were selected for full text 
evaluation and seven articles were included [30–36]. Fig-
ure 1 illustrates the flowchart of this systematic review.

A list of the 31 references excluded after full text assess-
ment is provided in Appendix S3. The major reason for 
study exclusion was the use of pericyte markers for purposes 
other than pericyte identification. Another critical reason 
for exclusion referred to articles unrelated to OSCC. Sev-
eral studies involved head and neck carcinomas with focus 
on laryngeal and pharyngeal anatomical sites. Moreover, 
some articles concerned mouse xenografts models in which 
tumors were generated from cell lines other than oral squa-
mous cells.

Characteristics of the Included Studies

The seven included articles were published between 2008 
and 2018. The main method of pericyte detection was immu-
nofluorescence [31–35]. The most commonly used markers 
for pericyte detection were α-SMA [30–32, 35] and NG2 
[34, 36]. Table 1 summarizes the main information about 
the included articles.

Quality Assessment of the Included Studies

Appendix S4 displays the results of the quality assessment 
of human studies using the the University of Adelaide tool 
and Appendix S5 presents the quality assessment of animal 
studies using the SYRCLE’s risk of bias tool.

Results of Individual Studies

In some of the included studies, the presence of PC in capil-
laries was consistent with vessel normalization or considered 
to be vessel maturation [32, 34, 36].

Regarding PC, Liu et al. [30] reported that the percentage 
of pericytes surrounding ECs in OSCC tumor vessels ranged 
from 42 to 78%, with a mean of 57%. Individuals with lymph 
node metastasis showed a loss of PC (p = 0.030) as well as a 
reduced count of tumor cell-lined vessels (p = 0.012). Addi-
tionally, there was an inverse correlation between PC and 
tumor-associated macrophages (TAM), with an increase in 
TAM count while PC was reduced (r = 0.768, p < 0.001). 
Likewise, Li et al. [32] reported a decrease in pericyte num-
ber by observing a reduction of the rate of α-SMA-positive 
vessels in angiopoietin-2 (Ang-2)-positive cases of OSCC 
(vascular maturation index—VMI: 0.26 ± 0.13) compared 
to Ang-2-negative cases (VMI: 0.33 ± 0.13) (p = 0.014). In 
contrast, the expression of vascular endothelial growth factor 
(VEGF) did not affect VMI (p = 0.073).

In an immunohistochemical characterization of tumor 
vessels, Margaritescu et al. [31] stated that, regardless of 
the histological degree of OSCC, there was a low proportion 
of mature vessels (low PC) in tumor stroma (p < 0.001), with 
more numerous mature vessels as the invasive component 
of OSCC (p < 0.05).

In a study of angiogenesis, Zhou et al. [33] examined 
semaphorin 4D (SEMA4D), a pro-angiogenic molecule 
whose function is analogous to that of VEGF when acting 
on the Plexin-B1 receptor. Tumors xenografts with silenced 
SEMA4D showed reduction of tumor vessels and pericytes 
(p < 0.05). Conversely, when the Plexin-B1 receptor was 
silenced, little effect on endothelial cell number and a slight 
inhibition of pericytes were observed in tumors, indicating 
that SEMA4D can possibly act through different pathways 
(p < 0.01). The cited study attempted to show that SEMA4D 
production by tumor cells induces the expression of PDGF-β 
and angiopoietin-like protein 4 (ANGPTL4) from ECs in 
a plexin-B1/Rho-dependent manner, thereby influencing 
proliferation and differentiation of pericytes and vascular 
permeability. In contrast, VEGF lacks these effects. How-
ever, a direct influence of SEMA4D on tumor features such 
as growth and invasiveness was not evaluated.

Ludwig et al. [35], assessing the effect of tumor-derived 
exosomes (TEX) on angiogenesis, demonstrated that TEX 
were angiogenesis inducers, promoting the formation of 
defined vascular structures in vivo. TEX treatment also 
resulted in an increased PC in blood vessels within the 
tumors. α-SMA expression was increased and was signif-
icantly higher after the injection of PCI-13 and SCCVII-
derived exosomes (p < 0.005). In the untreated group, peri-
cytes were observed only in blood vessels in the border zone 
between tumor tissue and healthy tongue tissue, but not in 
the tumor center. This study did not attempt to integrate 
TEX-driven angiogenesis with tumoral behavior.

Evaluating the effects of bevacizumab on cetuximab 
uptake during OSCC therapy by means of tumor treat-
ment response analyses, Chung et al. [34] observed higher 
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drug perfusion after neoadjuvant treatment (bevacizumab 
followed by cetuximab). This neoadjuvant therapy acted 
by promoting vessel normalization and higher PC com-
pared to the administration of cetuximab only (p = 0.009). 
Similarly, Prince et  al. [36], investigating anti-VEGFR 
approaches, observed an increase in PC (NG2:CD31 ratio) 

after anti-VEGFR2 therapy (p < 0.01) and after all tested 
anti-VEGFR3 doses compared to control (p < 0.02).

Regarding anti-VEGFR2 and anti-VEGFR3 optimal 
timing, data on the NG2:CD31 ratio demonstrated a vas-
cular maturation effect over time. Tumors studied seven 
days after anti-VEGFR2 and anti-VEGFR3 administration 

Fig. 1  Flow diagram of the 
literature search and paper 
selection
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Table 1  Characteristics and results of the included studies

Authors, year of pub-
lication (country)

Study design Sample (n) Methodology Antibody Results

Liu et al. (2008) 
(China)

Human 33 IHC Anti- CD34
Anti-α-SMA

In the OSCC examined (n = 33), the percent-
age of PC in tumor vessels ranged from 
42 to 78%, with means of 57%. The per-
centage of microvessels that colocalized 
endothelial cells and pericytes in patients 
with OSCC was a diminished when indi-
viduals presented lymph node involvement 
(n = 15, PC: 55.6% ± 9.3) when compared 
with individuals without lymph node 
involvement (n = 18, PC: 65.7% ± 14.9) 
(p = 0.030). The PC was also reduced 
in tumor cell-lined vessels (n = 18, PC: 
55.9% ± 9.3) when compared to free tumor 
cell-line vessels (n = 15, PC: 67.3% ± 15.3) 
(p = 0.012). Clinicopathological features 
including gender (p = 0.206), tumor 
size (p = 0.497), tumor differentiation 
(p = 0.062), tumor staging (p = 0.516) 
and HIF-1α expression (p = 0.967) were 
not associated with PC. There was an 
inverse correlation between PC and TAM, 
being that as the TAM count increases PC 
reduces (R = 0.768, p < 0.001)

Mărgăritescu et al. 
2008 (Romenia)

Human 40 IF Anti-CD105
Anti-SMA

Quantification of pericytes recruitment of 
the newborn vessels were based on their 
size and reactivity to SMA. Mature vessel 
type consisted of larger vessels, which 
were predominantly covered by pericytes 
(CD105 + and SMA +). The quantita-
tive analyze of IHC for CD105 and SMA 
showed that regardless the histological 
degree of OSCC, there was a clear-cut 
low proportion of mature vessels (SMA +) 
among all the counted vessels (p < 0.001). 
Related to topography, the number of 
mature tumor vessels were readily more 
numerous at the invasive front of OSCC 
(front/tumor: 85.4 vessels/4  mm2 ± 38.3 vs. 
50 vessels/4  mm2 ± 36.4) (p < 0.05)

Li et al. 2013 (China) Human 137 IHQ Anti-CD34
Anti-αSMA

The VMI was defined as the ratio of 
α-SMA + vessels (pericytes/mural cells) 
to CD34 + vessels (endothelial cells) in 
the same vascular hot spot regions. The 
Ang-2 + OSCC cases showed decreased 
VMI (VMI: 0.26 ± 0.13) when compared 
to Ang-2- cases (VMI: 0.33 ± 0.13) 
(p = 0.014), but VEGF status was not 
related to VMI (p = 0.073). A decrease in 
the ratio of α-SMA + vessels was observed 
in OSCC (data not shown). When com-
paring VMI in both negative or positive 
Ang-2 and VEGF combined, no signifi-
cant differences in the average VMI were 
observed among the groups (p = 0.075)
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Table 1  (continued)

Authors, year of pub-
lication (country)

Study design Sample (n) Methodology Antibody Results

Zhou et al. 2014 
(United States)

Mouse xeno-
graft

NA IF Anti-CD31
Anti-PDGFR-β

Quantification of blood vessels and peri-
cytes from the tumor xenografts in mice 
using HN12 and 13 cells demonstrates 
loss of endothelial cells and pericytes 
from tumors with silenced SEMA4D 
(p ≤ 0.05), but little effect on endothelial 
cell content and a slight inhibition of 
pericytes in tumors with silenced Plexin-
B1 (p ≤ 0.01). Silencing SEMA4D in HN 
cells resulted in reduced tumor vascular-
ity and pericytes. Silencing Plexin-B1 
resulted in no appreciable effect on tumor 
endothelial cells and only a slight reduc-
tion in pericyte numbers. These results 
show that SEMA4D/ Plexin-B1 autocrine 
or paracrine signaling plays a small role 
in PDGF-β production by tumors and 
subsequent influence over vasculature, 
while tumor-derived SEMA4D very 
strongly induces production of PDGF-β 
and ANGPTL-4 in endothelial cells, 
influencing association of endothelial cells 
with pericytes

Chung et al. 2015 
(United States)

Mouse xeno-
graft

47 IF Anti-CD31
Anti-NG2

The neoadjuvant (bevacizumab followed by 
cetuximab) treatment influenced vessel 
normalization, demonstrating higher peri-
cyte coverage compared with cetuximab 
(CTX800) only, consistent with vessel 
normalization (p = 0.009)

Ludwig et al. 2018 
(United States)

Mouse xeno-
graft/human

32 mice and13 patients IF Anti-CD31
Anti- α-SMA

TEX were found to be potent inducers of 
angiogenesis through functional repro-
gramming and phenotypic modulation of 
endothelial cells. TEX-treatment resulted 
in increased α-SMA signals compared to 
the untreated group, which were sig-
nificantly increased after the injection of 
PCI-13 and SCCVII-derived exosomes 
(p < 0.05). In the untreated group, peri-
cytes were mainly present on blood vessels 
in the border zone between tumor tissue 
and normal tongue tissue. The TEX treat-
ment resulted in an increased coverage 
with pericytes of blood vessels within the 
tumors
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showed a significant increase in the NG2:CD31 ratio than 
tumors of animals sacrificed at other experimental time 
points and controls (p < 0.02 and p < 0.01 respectively) 
[36].

The reviewed studies clarified the fact that the pericyte 
population changes in OSCC after cancer progression. A 
summary of these data is illustrated in Fig. 2. A schematic 
representation demonstrates pericytes as constituents of 
the healthy oral mucosa and the OSCC microenvironment, 
together with several different cell types with which they 
interact, and points to the major changes that occur in 
microvascular density and PC after OSCC.

Discussion

Pericytes Definition and Heterogeneity

Pericytes are elemental constituents of the crosstalk among 
cells in the perivascular space [40]. An essential function 
of EC-pericyte is vascular maturation by the induction of 
the production and deposition of matrix components such 
as fibronectin, collagen, and laminin [41–43]. Furthermore, 
pericyte functions include controlling immune cells migra-
tion [6, 44], blood flow regulation [45] and tissue regenera-
tion [5], since these cells may behave as stem cells [46–51]. 
However, the precise contribution of pericytes to these 

Table 1  (continued)

Authors, year of pub-
lication (country)

Study design Sample (n) Methodology Antibody Results

Prince et al. 2018 
(United States)

Mouse xeno-
graft

5/dose/agent IHQ Anti-CD31
Anti-NG2

After anti-VEGFR2 therapy pericyte density 
assessment revealed marked increased 
(p < 0.01) after 10 mg/kg (NG2:CD31: 
0.46) compared to control (NG2:CD31: 
0.21). Regarding Anti-VEGFR3 dose, 
the NG2:CD31 ratio markedly increased 
(p < 0.02) between control (NG2:CD31: 
0.21) and all tested anti-VEGFR3 
doses: 5 mg/kg (NG2:CD31: 0.47), 
10 mg/kg (NG2:CD31: 0.39), 20 mg/
kg (NG2:CD31: 0.40), and 40 mg/kg 
(NG2:CD31: 0.67). Regarding anti-
VEGFR2 optimal timing, the NG2:CD31 
data demonstrates a temporal, vascular 
maturation effect. Tumors studied 7d 
after anti-VEGFR2 administration (+ 3d 
group; NG2:CD31: 8.18) had a sig-
nificantly greater (p < 0.02) NG2:CD31 
ratio than tumors sacrificed 9d (+ 1d 
group; NG2:CD31: 2.19), 10d (0d group; 
NG2:CD31: 1.71), 11d (-1d group; 
NG2:CD31:0.46), and 13d (-3d group; 
NG2:CD31: 0.51) post-anti-VEGFR2 
delivery. The pericyte density of control 
group (NG2:CD31: 0.24) was significantly 
lower (p < 0.04) than all anti-VEGFR2 
treated. When evaluating pericytes in anti-
VEGFR3 optimal timing analyzes, again, 
the NG2:CD31 ratio revealed a temporal 
vascular maturation effect. Tumors studied 
7d (+ 3d group; NG2:CD31: 2.54) after 
anti-VEGFR3 treatment showed significant 
(p < 0.01) NG2:CD31 ratio improvement 
compared to 10d (0d group; NG2:CD31: 
0.86), 11d (− 1d group; NG2:CD31: 0.67), 
and 13d (− 3d group; NG2:CD31: 0.41) 
after as well as control (NG2:CD31: 0.24)

Ang-2 angiopoietin-2, ANGPTL-4 angiopoietin-like 4, CD105 endoglin, CD31 cluster of differentiation 31, CD34 cluster of differentiation 34, 
HIF-1α hypoxia-inducible factor 1-alpha, IF immunofluorescence, IHC immunohistochemistry, NA not available, NG2 neural/glial antigen 2, 
OSCC oral squamous cell carcinoma, PBFG-β platelet-derived growth factor β, PC pericyte coverage, SEMA4D semaphorin-4D, TAM tumor-
associated macrophages, TEX tumor-derived exosomes, VEGF vascular endothelial growth factor, VMI vascular maturation index, α-SMA alpha-
smooth muscle actin
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effects is still dubious due to the difficulty in accurately 
identifying these cells [51, 52].

Reinforcing the heterogeneity of the pericyte population, 
Birbrair et al. [53] categorized these cells into two types 
according to their distribution, function, expression markers 
and differentiation potential. Type-1 pericytes mostly con-
tribute to adipose tissue and fibrosis formation, while Type-2 
pericytes have the potential to differentiate into the neural 
lineage, skeletal muscle and blood vessels, being the only 
pericyte type recruited in tumor vessel formation [53, 54].

An accurate combinations of criteria should be employed 
for pericyte identification, including morphology, localiza-
tion, relationship with ECs and expression of particular 

genes [2]. These features are not provided by most studies, 
hampering the proper identification of these cells.

Immunohistochemical markers commonly used to iden-
tify pericytes include α-SMA, NG2, PDGFR-β and desmin 
[2]. Some studies have assumed that an α-SMA-positive cell 
around a blood vessel is a pericyte, and the term pericyte is 
broadly used in the literature to designate any peri-endothe-
lial mesenchymal cell [2, 30–32, 35].

Pericytes in OSCC Tumoral Angiogenesis

The onset of solid tumor growth is angiogenesis depend-
ent [55]. In malignancies, there is an increase in microvas-
cular density despite the reduced maturation index and the 

Fig. 2  Pericytes as pivotal components of tumor stroma. Pericytes 
interplay with various extracellular matrix constituents and different 
cell types (i.e. fibroblasts, cancer cells, mural cells, endothelial cells 
and leukocytes) in the normal oral mucosa and in the OSCC micro-
environment. In neoplasms, pericytes participate in endothelial cell 
normalization and maturation, vascular permeability and influx of 

inflammatory cells. In OSCC, the pericyte population is significantly 
reduced during cancer progression compared to healthy oral mucosa. 
Despite the increased microvascular density, PC reduction has been 
observed, with the occurrence of tumoral vessels that are often imma-
ture and defective
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presence of vessels with a defective wall structure. Hence, in 
tumor microvasculature, pericytes are poorly associated with 
ECs [2, 30, 31]. Liu et al. [30] demonstrated that the percent-
age of tumor vessels covered by pericytes ranged from 42 to 
78%, with a mean of 57%, while some blood vessels revealed 
a loss of PC in OSCC.

Differently from intermediate and immature vessels 
that presented no pericytes (α-SMA-), mature blood ves-
sels in OCSS were predominantly covered with pericytes 
(CD105 + and α-SMA +) and were significantly more 
numerous at the invasive front of the tumor [32].

The status of pericytes throughout malignant transforma-
tion has been addressed in a study of prostatic intraepithe-
lial neoplasia, suggesting that pericytes seem to retain their 
regular shape and functionality in potentially malignant dis-
orders. In the normal prostate and in prostatic intraepithelial 
neoplasia, the major precursor of prostatic carcinoma [56], 
pericytes still show a close association with blood vessels 
[57]. In contrast, in poorly differentiated prostatic tumors, 
the shape of pericytes is unusual and their size is irregular, 
and these cells are loosely associated with blood vessels and 
cytoplasmic processes spreading towards nearby blood ves-
sels [57]. However, these features have not yet been deter-
mined in OSCC.

These changes in PC during carcinogenesis may be 
related to a shift in protein expression. For example, in the 
presence of VEGF, Ang-2 induces neovascularization and 
reduces vascular integrity by interfering with the perivas-
cular-endothelial cell interaction and providing improved 
access to angiogenic factors. Ang-2 overexpression in OSCC 
led to a reduction of mural cell count (including pericytes) 
and of VMI. The Ang-2 pathway is likely to be involved in 
such changes [32]. Zhou et al. [33] revealed another path-
way involved in pericyte recruitment during angiogenesis. 
The authors showed that the plexin ligand semaphorin 4D 
(SEMA4D) acting on the plexin-B1 receptor in ECs is a 
pro-angiogenic factor for malignancies. Tumor-derived 
SEMA4D-Plexin-B1 actively induces the production of 
PDGF-β and ANGPTL-4. This process drives vascular per-
meability and can stimulate pericyte differentiation, prolif-
eration and recruitment from stem cells. SEMA4D may be 
produced by tumor cells, promoting blood vessel growth 
with a stimulatory effect similar to that of VEGF [58].

Interestingly, the tumoral angiogenesis axis can also 
undergo interference from TEX, small vesicles produced 
by tumor cells which accumulate into the tumor microenvi-
ronment and are responsible for several cellular interactions 
[59]. Specifically, in OSCC, TEX produced and released by 
the tumor are capable of reprogramming ECs and pericytes, 
inducing their proliferation and migration [35].

Pericytes in Cancer Development and Metastasis

Lymph node metastasis is associated with a reduced percent-
age of microvessels in which ECs are surrounded by peri-
cytes in OSCC, suggesting that the lack of pericytes results 
in disruption of the vascular structure and contributes to 
tumor metastasis [30].

Evidence that pericyte reduction can participate in meta-
static events has been obtained from an experimental model 
of pancreatic cancer in pericyte-deficient  Pdgfbret/ret mice. 
Pericyte dysfunction in those animals resulted in tumor β 
cell metastases to distant organs and local lymph nodes, 
demonstrating a role for pericytes in limiting tumor cell 
metastasis [60].

In addition, overexpression of PDGF-β by cancer cells 
can stimulate pericytes to acquire mesenchymal progeni-
tor characteristics and turn into fibroblasts over a process 
named pericyte-fibroblast transition (PFT) [21, 61]. Cancer-
associated fibroblasts (CAFs) are the main components of 
the stroma that surrounds cancer cells. They not only provide 
mechanical support for tumoral cells [62], but also secrete 
growth factors that directly affect the motility of cancer cells 
and control proliferation, survival and immunogenicity [63]. 
Indirectly, CAFS may also interfere with other stromal cells 
(e.g., immune cells and perivascular cells) and are a source 
of extracellular matrix-degrading proteases [62, 63]. These 
phenotypic changes caused by PFT might greatly contribute 
to tumor invasion and metastasis [21]. Moreover, Hosaka 
et al. [21] have clinically demonstrated that overexpression 
of PDGF-β was correlated with low survival in patients with 
different types of cancers, such as colorectal, glioblastoma 
and lung cancer, probably due to the discussed PFT events, 
although these mechanisms have not yet been described in 
OSCC.

Pericytes, the basement membrane and the endothelium 
itself constitute physical barriers against the flow of inflam-
matory cells to tumor tissue. Voisin et al. [64] suggested 
that inflammatory cells migrate through the vessel wall at 
permissive sites without PC. This finding was confirmed 
in a study by Liu et al. [30] in which the TAM count was 
increased while pericytes were reduced.

Remarkably, pericytes have shown the capacity to be 
converted into tumor cells. In oral cancer, pericytes with 
positive staining for the GT198 + oncoprotein were able to 
detach from blood vessels, proliferate into tumor nodules 
and originate GT198 + tumor cells, which migrated into 
lymph nodes. This up-regulation of GT198 was associated 
with increased lymph node metastasis [65].

Furthermore, in lung cancer, Murgai et al. [50] showed 
that pericytes activated premetastatic niche formation and 
metastasis. The primary tumor released factors that induced 
the phenotypic switching of pericytes and their detach-
ment from blood vessels, contributing to the increase of 
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extracellular matrix content and the formation of a niche 
prone to colonization by cancer cells.

Pericytes as Therapeutic Targets

Malignant cells need to access the blood circulation system 
in order to obtain oxygen and nutrients to survive and pro-
liferate [66]. In cancer therapy, techniques seek to develop 
antiangiogenic agents that disrupt the formation of new 
blood vessels and destroy the existing tumoral vessels [67]. 
In this context, since pericytes substantially interact with 
ECs and other perivascular cells, they can also be considered 
as therapeutic targets in anticancer interventions [20].

The assessment of the causes of resistance to anti-VEGF 
therapy emphasizes the key role of pericytes as endothe-
lium protectors [68]. The reduction of VEGF-A in pancreatic 
cancer models led to selective elimination of tumor blood 
vessels without PC. In this respect, tumoral vessels with dis-
rupted PC or completely lacking pericytes are more respon-
sive to drugs targeting ECs [34, 36, 68]. Double targeting 
for both ECs and pericytes has been suggested to have a 
broader anti-tumor effect by pruning tumor vessels rather 
than targeting ECs alone [69].

Prince et al. [36] explored the simultaneous approach to 
angiogenic normalization and stabilization by administering 
anti-VEGFR2 and anti-VEGFR3 drugs to increase the action 
of cetuximab. When assessing pericyte density after dual 
adjuvant therapy, PC increased compared to the treatment 
with cetuximab alone and the dual adjuvant anti-angiogenic 
therapy increased tumor chemotherapy uptake by restoring 
fluid dynamics [36]. Promoting pericyte regain can lead to 
this vascular normalization and restrict vessel sprouting, 
which could benefit chemotherapy delivery into the tumor 
[70].

Similarly, advances in vessel stabilization for drug deliv-
ery improvement in OSCC were also reported by Chung 
et al. [34] These authors evaluated the potential of pretreat-
ment with bevacizumab for increasing tumor uptake of 
cetuximab. Neoadjuvant therapy provides adequate time 
for vascular normalization by increasing PC and has dem-
onstrated better drug intake. Further therapy-based studies 
conducted on head and neck squamous cell cancer models 
have also shown that effective anticancer approaches pro-
duce vessel normalization and increased PC [71, 72].

On the other hand, since PDGF-β induces pericyte 
recruitment and provides stability for new vessels, PDGF-β 
depletion in models of melanoma and lung carcinoma did 
not improve tumor sensitivity when associated with VEGF-
A. These observations suggest that additional therapeutic 
modalities targeting pericytes may not increase the antitu-
mor effect already induced by anti-VEGF drugs in cancer 
models. Accordingly, the reduction of tumor vascularity may 
be secondary to pericyte regression [73].

In this respect, so far the prerogative of using pericytes 
as therapeutic targets has not been well determined [70]. In 
OSCC, however, significant results have been demonstrated, 
indicating that increased PC in tumor vessels and vascular 
normalization are favorable events for neoadjuvant therapies 
[34, 36].

The present systematic review has some limitations that 
should be acknowledged. There was a lack of homogeneous 
data for meta-analysis, since the studies involved different 
methodologies for pericyte identification. The second flaw 
noted during data compilation was the limited number of 
articles that met our eligibility criteria. Further research 
more focused at pericyte detection in OSCC should be con-
ducted in order to examine the participation of these cells in 
oral carcinogenesis and therefore their potential therapeutic 
use.

Conclusions

In summary, the pericyte population is significantly affected 
during OSCC development and cancer therapy. PC is 
decreased in OSCC immature intratumoral vessels and data 
suggest that anticancer therapies restore blood vessels with 
pericyte regain. Although these findings might suggest a role 
for pericytes in cancer progression, the limited data available 
do not allow us to conclude whether changes in PC modify 
the tumor microenvironment and clinical outcome in OSCC.
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