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The most prominent and key cells in cancer development are fibroblasts, known as cancer-
associatedfibroblasts. Limited dataavailable on Head and Neck Cancer showed the presence of
platelet-derived growth factor receptor beta as the most prevalent marker. Furthermore,
therapies can be targeted against this receptor for the treatment of cancer. Objectives: To
evaluate the expression of Platelet-derived growth factor receptor beta as a specific marker of
cancer-associated fibroblasts in different grades of oral squamous cell carcinoma through
immunohistochemistry. Methods: This descriptive study included 51 cases of squamous cell
carcinoma of the head and neck region. Platelet-derived growth factor receptor beta
expression was assessed based on the extent and intensity of immune-labelling in a tumor.
SPSS was used to determine the association between the grade of tumor and Platelet-derived
growth factor receptor beta expression. Results: Mean age was found as 53.65 +17.15 years and
there were 30 (58.8%) male and 21(41.2%) female. The most commonly affected sites were
glottisand supra-glottisareas accounting for 18.9% of total cases followed by the tongue which
accounts for 13.2% of cases. The majority of the patients 34 (66.7%) patients had an
intermediate grade of squamous cell carcinoma. In most cases, the degree of staining was
strongest, with intermediate-grade tumors exhibiting the highest platelet-derived growth
factor receptor beta staining. Conclusions: It was concluded that platelet-derived growth
factor receptor beta emerges as a promising tumor marker in head and neck squamous cell
carcinoma, withitsexpressionlevelsincreasing proportionately with the tumor grade.

INTRODUCTION

Oral squamous cell carcinoma(0SCC)is the most common
cancer oral cavity cancer, with 177,000 deaths yearly
worldwide [1]. It is the sixth most common cancer globally.
The incidence of OSCC is highest in South and Southeast
Asia and isincreasing in developed countries[2]. Pakistan
is a major Centre for this disease and, alongside China and
India, is among the top three countries with the highest
incidence of oral cancer [3]. The tongue, the floor of the
mouth, and buccal mucosa are the most common sites of
OSCC. Male is affected more than females with aratio of 3:1
and have amean age of 61£12 years. The most common risk
factors for OSCC include tobacco, alcohol, and certain
virusesincluding human papillomavirus(HPV)infection[4].

Platelet-derived growth factor beta(PDGFR)is a sub-type
of receptorsthatare apart of the class |l receptor tyrosine
kinase family. PDGFRB is an important biomarker of
cancer-associated fibroblasts (CAFs) that play a crucial
role in the tumor invasion and growth. It is a critical
regulator of various cellular processes such as
proliferation, differentiation, and survival. It becomes
activated upon binding with its ligand, Platelet-Derived
Growth Factor (PDGF), which triggers downstream
signalling pathways that drive cell growth and
angiogenesis. While PDGFRB normally plays an essential
role in tissue repair and development, its abnormal
activation has been linked to the development of several
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cancers, including OSCC [5]. A variable expression of
PDGFRB has been observed across various tumors,
including breast cancer, colon cancer, and lung tumors.
However, it is most commonly found in colon and lung
tumors where PDGFR is involved in promoting tumor
growth and metastasis. Its role in remodeling the tumor
stroma and facilitating angiogenesis makes it a promising
target for therapy. Studies have shown that PDGFRB
expression is frequently elevated in cancerous tissues
comparedtonormaltissues, whichisassociated withmore
aggressive disease and a worse prognosis. In OSCC,
PDGFRB is recognized as a significant factor in the tumor
microenvironment, affecting both tumor cell behaviour
and the surrounding stromal components [6]. PDGFRB
expression is upreqgulated and associated with worse
survival in squamous cell carcinoma[5, 7]. However, Valle
et al in 2023, found a low PDGFRP expression in advanced
stages of 0SCC[8]. Targeting PDGFRP has become a focal
point in cancer therapy due to its involvement in tumor
progression. PDGFRP inhibitors, such as Imatinib and
Sunitinib, have proven effective against various other
cancers and are now being investigated for treating OSCC.
Targeting PDGFRB in OSCC holds the potential for
therapeutic benefits, including reduced tumor growth,
lower rates of metastasis, and improved patient survival
(9l

This studyaimed to evaluate the expression of PDGFRB as a
specific marker of CAFs in different grades of OSCC
through immunohistochemistry. The aggressiveness of
the tumor and its spread can be estimated and thus the
prognosis. Furthermore, therapies can be targeted against
thismarkerif PDGFRBisfoundto be sensitive to OSCC.

METHODS

This cross-sectional study was conducted in the
Department of Oral Pathology, UHS, and Pathology
Department of Sheikh Zaid Hospital, Lahore after getting
approval from the Ethical Review Committee of UHS vide
letter no UHS/REG-18/ERC/469. The duration of the study
was one year from April 2018 to May 2019. Paraffin-
embedded blocks of 51 cases were recruited including both
males and females of all age groups. A written informed
consent was taken by the patients for the use of the blocks.
However, the blocks of the patients who underwent
chemotherapy or radiotherapy were excluded from the
study. The demographic data consisting of age, gender,
and tumor site was noted. The tumor was graded using
Byrne's grading system based on the degree of
keratinization, polymorphism, mitotic activity, and pattern
ofinvasion[10]. The paraffin-embedded tissue blocks of all
samples were cut into 4 ym sections and
immunohistochemistry was performed with rabbit
polyclonal anti- PDGFRP antibody. Tissue sections along
with positive control (human breast cancer) were taken.
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PDGFRP expression was evaluated by using two different
quantification systems. According to Kwon et al., PDGFR
expression was determined based on proportion and
staining intensity [11]. The total score (Score O - Negative;
Score 1-2 - weak positive +1; Score 3-4 - moderate positive
+2; Score 5-6 - strong positive +3) for each case was
calculated by adding the proportion score(PS)(0-less than
5% immune-reactive; 1-less than 33% immune-reactive; 2
- 33%-66% immune-reactive; 3 - greater than 66%
immune-reactive)and intensity score (I1S)(0 - no staining; 1
-mild; 2-moderate; 3-Intense)of that particular case. The
scoring system proposed by Shinohara et al. in 2007 was
also used for PDGFRP staining [12]. The labelling score
(Low degree-0to0199; High degree-200to 300) of PDGFRB
was calculated by multiplying the intensity score (1- Weak;
2 - Moderate; 3 - Intense) by percent area. SPSS version
20.0 was used for data analysis, including demographic
data like age and gender. The grade of the tumor was
analyzed along with its morphological parameters.
PDGFRp staining was analyzed accordingtoits presence or
absence, and the total score of PDGFR staining was seen
using two scoring systems. The relationship between
tumor grade, PDGFRP staining scores, and gender was
examinedthrough bivariate analysis. The chi-square test of
independence was applied, and < 0.05 was taken as a
significant p-value ataconfidencelevel of 95%.

RESULTS

A total of 51 cases were enrolled in this study. Out of these,
17 were younger than 45 (32.1%), and 34 were 45 or older
(67.9%). The mean age was 53.65 years, with the standard
deviation of 17.152. The study included patients aged 16 to
87 years. Male was 30 (58.8%) and female was 21(41.2%).
This revealed a greater prevalence of SCC in men than in
women, with a male-to-female ratio of 1.4:1. The highest
examined sites were glottis and supra-glottis areas
accounting for 18.9% (10) of total cases. Tongue was the
next most frequent area of involvement, i.e., 7(13.2%). The
least involved areas were the alveolus, cheek, and lip,
accounting for one patient of each site. Out of 51 cases,
most of the cases 34(66.6%)were of grade 2 followed by 13
(25.4%) cases of grade 3 and 4 (7.8%) cases of grade 1
respectively. Intense PDGFRP staining in 29(57%) cases
amongfifty-one cases of 0SCC was analyzed(Table1).

Table1: Degree of Distribution PDGFRB Expression

Degree of Staining Frequency (n%)

Mild 2(3.9%)

Moderate 20(39.2%)

Intense 29(56.9%)

Total 51(100%)

Degree of PDGFR Staining

Low Degree 23(45.1%)

High Degree 28(54.9%)
Total 51(100%)
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A strong membranous expression of PDGF was seen in
moderately- differentiated squamous cell carcinoma while
moderate expression was observed in well-differentiated
squamous cellcarcinoma(Grade 1)(10X)(Figure 1).

Figure 1: (A) Strong membranous expression in
moderately- differentiated squamous cell carcinoma. (B)
Moderate membranous expression in well-differentiated
squamous cell carcinoma(Grade 1)(10X)

A statistically significant positive correlation was noted
between PDGF[ expressionandtumorgrade(Table 2).
Table 2: PDGFRB Expressionin Different Grades of Tumor

Grade of Tumor (n=51)
Low Intermediate  High

Variabl . -
aranie Intensity Grade Grade Grade :?E/a; vaplue
n(%) n(%) n(%) °
) 2 o o 2
Mild Jaoo%) | OO%) | 00%) Jnooz)
PDGFRB 2 o o 20
Expression Moderate (10%) 17(85%) 1(5%) (100%) <0.005
Intense | 0(0%) | 17(58.62%) (41 1328%) (102(?%)

Chi-Square was applied todetermine the p-value

Likewise, PDGFRB expression showed a signification
associationindifferent grades of tumors(Table 3).

Table 3: Signification Associationin Different Grades of Tumor

Grade of Tumor (n=51)

Variable Low

Intensity Intermediate  High Total p-

n(%) n(%) n(%) n(%) value

Low 4 18 1 23
POGFRE | Degree (17.4%)| (78.26%) | (4.35%) | (100%)
Expression|
gh 0 9 9 28
Degree 0(0%) | 16(58.6%) |[12(41.4%) (100%)

Chi-Square was applied todetermine the p-value

Weak, moderate, and strong positive results showed varied
and non-significant distribution among male and female
(Table 4).

Table 4:Association of PDGFRB Expression with Gender

Variables PDGFRB Expression in Both Genders

. o Moderate Intense Total p-
Gender Mild n(/o) n(%) n(%) n(%) value
Mal 2(6.7%) 13(43.3%) | 15(50%) 30(100%) | 0.314

ale
- 16(53.3%) | 14(46.7%) | 30(100%) | 0.158
0(0%) 7(33.3%) | 14(66.7%) | 21(100%) | 0.314
Female

- 7(33.3%) | 14(66.7%) | 21(100%) | 0.158
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Chi-Square was appliedtodetermine the p-value

DISCUSSION

The tumor microenvironment, composed of stromal cells
and extracellular matrix components, plays a crucial role in
cancer cell growth, invasion, and metastasis. Cancer-
associated fibroblasts (CAFs), an important part of tumor
microenvironment, facilitate tumor growth and invasion
through elevated matrix metalloproteinase (MMPs), CCL-2
and |-, and activate the STAT-3 pathway[12]. Additionally,
CAFs induce angiogenesis directly through vascular
endothelial growth factor (VEGF) and indirectly by PDGF
receptors, recruiting more CAFs that further increase
VEGF levels [13]. In cancer treatment, PDGF and other
tyrosine kinase molecules contribute to drug resistance by
elevating intracellular pressure, and hindering drug
penetration [14]. Notably, PDGFRPB serves as a reliable
marker for detecting CAFs, identified through various
techniques like immunoassays and
immunohistochemistry. Early identification and targeting
of these interactions are essential for effective cancer
management [15]. Little research has focused on the
immune-histochemical expression of PDGFRB and the
relation of expression on different grades of squamous cell
carcinoma of the head and neck area. In the present study,
Byrne's grading system was used to grade the tumor as a
low, intermediate, and high-grade tumor. Most of the
patients were diagnosed with an intermediate grade of
squamous cell carcinoma found in 34 of the patients. High-
grade tumors were seen in 13 patients. Only 4 patients had
low-grade tumors. For the expression of PDGFR[B, two
scoring systems were used. We labelled tumors as low and
high degrees by multiplying the intensity score with
percent area that was positively stained as indicated by
Shinohara et al., [12]. We also categorized the PDGFRpB
expression as weak, moderate, and strong positive by
calculatingintensity and proportion score as done by Kwon
et al.,[11]. There was no case of negative staining in our
study. We found the intensity of staining was maximum in
patients with an intermediate grade of tumor according to
Shinohara et al., system [12]. Intermediate grades had
more low-degree cases (52.9%) compared to high-degree
cases(47.1%). High-grade tumors had 92.3% cases of high-
degree cases compared to only 7.7% of low-degree cases.
Low-grade tumors showed only a low degree of stainingin
all cases while there was no case of a high degree in low-
grade tumors. The results showed a significant association
between the degree of PDGFRPB expression in different
grades of tumor (p-value=0.001). As the grade increases,
the expression of PDGFRP also increases. This approach
canbeappliedinreverse toidentify the grade of the tumor.
We found that the staining intensity was maximum in
patients with intermediate grade of tumor. Intermediate
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grade had the same number of severe and moderate
staining 17 (50.0%). While high-grade tumors showed 12
(92.3%) strong positive results compared to only 1(7.7%)
moderate positive case. Mild staining was seen in only 2
(100%) cases, and both were of low grade. We found some
significant results according to this grading system (p-
value=0.000). The current study did not find a significant
association between PDGFR expression and different age
groups and gender distribution. Our results were
consistent with Zhang et al., 2016, who concluded that the
expression of PDGF-D and PDGFR levels are upregulated
in tongue squamous cell carcinoma and correlate
positively with the grade of the tumor [7]. Cierpikowski,
Lis-Nawara, and Bar 2023 observed that the expression of
PDGFRB was upregulatedin 70% of cases of 0SCC, and this
high expression was associated with shorter overall
survival [7]. Lin et al., in 2020 observed the uprequlated
expression of PDGFRB in OSCC in association with
metastatic lymph nodes and poor overall survival [16].
Wang et al.,also reported a significant association of
PDGFRB with the clinical stage (p=0.036), lymph node
metastasis (p=0.013) and tumor histological grade
(p=0.037)[17]. A 5-year follow-up showed a shorter overall
survival of the patients with high expression of PDGFRB[ 4 ].
Kartha et al., in 2016 found high expression of PDGFRP in
oral squamous cell carcinoma in only 12 cases, and they
found that this marker was present in the perivascular
stroma and is absent in tumor epithelium.They concluded
that PDGFRP expression is high in the case of OSCC [18].
Ourfindingswerein contrasttothe findings of Valle etal., in
2023,who reported that the advanced-stage tumors
showed a low expression of PDGFR (p=0.020). According
to their findings,a low expression of PDGFRB was
associated with a shorter disease-free survival (p=0.036).
They also concurred that a reduction in expression is
associated with a 209.874-fold increase in recurrence
(p=0.0086) [7]. Different studies have been conducted on
the expression of PDGFR in different body cancers.
Paulsson et al., in 2009, determined PDGFR[ expression in
different tumors. They found that 80% of colon carcinoma
showed PDGFRR in the perivascular region, while only 31%
of prostate cancer were positive for this marker. They also
noted a significant correlation between the expression of
PDGFR and the grade of breast tumor in which they found
PDGFRB onlyinthe perivascularareain pericytesandis not
present in the tumor itself [19]. However, some studies
negate this concept. Shinohara et al., published their study
on PDGFRP expression in small cell lung carcinoma. They
found that there is no significant difference in marker
staining in different age groups, gender, or tumor grade.
They also mentioned that the degree of marker staining
does not affect the 5-year survival rate [12]. Following a
tissue injury, as in the case of cancer, platelets get
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activated, which not only activates the coaqulation
cascade but also results in the release of PDGF. PDGF
attaches to its specific receptors present on CAFs,
pericytes, and other cells, leading to their stimulation. In
the same way, binding of these molecules on their specific
receptors on different cells causes an increase in
endothelial growth factor (EGF), resulting in fibroblast
migration, proliferation, and remodeling. PDGF not only
influences the levels of tumor growth factor (TGF) and
fibroblast growth factor (FGF) but also contributes to the
chemotaxis of inflammatory cells and mitogenesis of
mesenchymal stem cells. PDFG also influences the levels
of VEGF and connective tissue growth factor (CTGF), both
of which are responsible for angiogenesis and an increase
in the levels of collagen [20]. By blocking the PDGFRPB on
CAF cells, the respective pathways can be blocked, thus
inhibiting tumor growth, invasion, and metastasis. PDGFR
pathway antagonists like Ezetimibe work by inducing G1
blockade in tumor cells thus inhibiting cancer cell
proliferation [21]. Agents or antibodies that block PDGF
receptors have more specific targets. Imatinib, Sorafenib,
Nilotinib, Sunitinib and Pazopanib are some of the PDGFR
kinase inhibitors [22]. The present study shows that
PDGFR is also found in OSCC and increases by increased
tumor grade and can be a potential therapeutic target. No
study has been conducted regarding the therapeutic role
of targeting PDGF/PDGFR in OSCC. The current study did
not determine the effect of the expression of PDGFRB on
local invasion, distant metastasis of tumor, prognosis, and
patient survival. Further studies are suggested to check
the effect of the expression of tumor markers on overall
patient management. Furthermore, studies should be
donetocheckthetherapeuticrole of PDGFR.

CONCLUSIONS

It was concluded that head and neck cancer is one of the
leading causes of morbidity and mortalityaround the globe.
Early diagnosis and prompt treatment may reduce the
morbid effects of this devastating condition. Identification
of specific tumor markers may prove a milestone in
achieving this goal. Platelet-derived growth factor
receptor B is a promising tumor marker. Based on this
study, it is concluded that PDGFRB increases
proportionately to the increasing grade of tumor. PDGFR[
may prove abeneficial target for notjust the early diagnosis
butalsoforthetreatment of 0SCC.68196.
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