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Abstract

Purpose

The growth and metastasis of solid epithelial tumors is lymphangiogenesis dependent. The

most important lymphangiogenic inducers facilitating this progression is Vascular endothe-

lial Growth Factor C (VEGF-C). The recent D2-40 (Podoplanin) antibody is specific for lym-

phatic epithelium and allows its objective assessment. Also, lymphovascular invasion (LVI)

is a risk factor for lymph node metastases (LNM) and indicates a significant influx of tumor

cells into the lymphatics, causing regional metastasis. Thus, the following study was con-

ducted to assess and correlate VEGF-C and D2-40 immunoexpressions with clinical and

histopathologic lymph node status in Oral Squamous Cell Carcinoma (OSCC) cases and

also to estimate the impact of intratumoral (ILVD) and peritumoral lymphatic vessel density

(PLVD) in such cases.

Methodology

A total of 128 OSCC cases, divided as Group I: Cases with clinically and histopathologically

negative lymph nodes (n = 64) and Group II: Cases with clinically negative but histopatho-

logically positive lymph nodes (n = 64) were immunoscored for VEGF-C (Anti VEGF-C anti-

body) (PA5-29772, Invitrogen) and D2-40 (Anti D2-40 antibody) (IR072/8072, Dako) using

standard protocols. The data was statistically evaluated using STATA 18.0 with p�0.05 con-

sidered statistically significant throughout the study.

Result

21.88% Group I cases and 40.62% Group II cases showed highest immuno-positivity for

VEGF-C (p = 0.00). The mean D2-40 score for Intratumoral Lymphatic Vessel Density

(ILVD) and Peritumoral Lymphatic Vessel Density (PLVD) was higher for group II cases
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(i.e., 41.5±13.73 and 35.95±8.27 respectively at 95% CI, p = 0.00) suggesting a direct corre-

lation between Lymphatic Vessel Density (LVD) and LNM.

Conclusion

Lymphangiogenesis is a true determinant of the biologic potential of OSCC and obtaining an

objective data in terms of LVD through D2-40 could be impactful in OSSC diagnosis and

guiding treatment decisions by clinicians.

Introduction

Global Cancer Observatory (GCO) data indicates that in 2020, there were 377,713 yearly cases

of OSCC worldwide [1]. With 248,360 instances, Asia had the highest number, followed by

North America (27,469) and Europe (65,279). Based on their anatomical location, the many

types of cancers that affect the head and neck are categorized by the World Health Organiza-

tion’s (WHO) International Classification of Diseases (ICD-10) system. Roughly 90% of Head

and Neck Cancers (HNCs) are squamous cell carcinomas (SCCs), which arise from the epithe-

lial lining of the larynx, throat, and mouth [1, 2].

It was projected that in 2020, oral cancer will rank as the sixteenth most common cause of

cancer-related fatalities worldwide, with a significant proportion of deaths from the illness

occurring in men in South and Southeast Asia and the Western Pacific. Numerous researchers

have examined and proposed different prognostic implications for histopathologic and clini-

copathologic indicators of OSCC [3] considering that the epidemiologic data regarding the

disease burden is frightening enough. Since OSCC is an epithelial malignancy, despite the fact

that several pathogenetic models have been postulated, the actual biologic potential of the dis-

ease in terms of its progression can only be determined by the tumor cells spreading through

lymphatics. Only a fraction of existing literature focuses upon this true determinant in terms

of Lymphatic Vessel Density (LVD), Lymphovascular Invasion (LVI), ILVD, PLVD etc. in pri-

mary tumor and is not sufficient to claim the hypothesis of how existing (previous lymphatic

channels) or neo-lymphangiognesis (formation of new lymphatic channels) contribute to the

process.

LVI, the most researched parameter, refers to tumor cells that invade a portion of a vascular

or lymphatic channel that is bordered by endothelium but does not have underlying muscle

walls. Tumor cells enter lymphovascular spaces through the endothelium cell layer, which is a

critical stage in the spread of malignancies. Nevertheless, statistical evidence indicates that LVI

must be evaluated since its presence in randomly selected tissue sections indicates that a high

number of tumor cells are entering the vascular compartment, raising the possibility of metas-

tasis [4]. As per the most widely accepted theory, the growth of the tumor triggers the produc-

tion of lymphangiogenic growth factors, mainly from the VEGF family, which in turn causes

the formation of new vessels and the incorporation of pre-existing lymphatic vessels within the

tumor cell sheets. Next, cancer cells move into the lymphatic vessels by following the route of

least resistance after separating from the growing tumor mass. After attaching to lymphatic

endothelium, cancer cells cross the endothelial barrier and enter the lymphatic lumen [5].

LVI is also an early indicator of metastasis and also a risk factor for lymph node metastases

[6]. Its existence suggests a substantial inflow of tumor cells into the vascular compartment,

one of the first steps toward the potential metastasis’s development [7]. Although LVI has been

included to the eighth AJCC staging system as an additional prognostic factor, research is still
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being done to see whether it can be used to stratify OSCC patient risk for survival or recur-

rence [7].

Despite the importance of lymphogenic metastases in OSCC, numerous concerns remain

about the molecular processes underlying the lymphatic-tumor relationship. First, how much

neo-lymphangiogenesis (formation of new lymphatic channels) in OSCC is induced and

whether most of these new lymphatic vessels are located in intratumoral or peritumoral areas

are the major areas of concern. The principal pathway for the spread of cancer cells, the intra-

tumoral or peritumoral lymphatic system, is another aspect to take into account. While peritu-

moral lymphatic channels seem to be the main pathway for cancer cell dissemination, recent

evidence suggests that intratumoral lymphatics should be taken into account as an additional

route for LNM [8].

Studies show lymphangiogenesis is crucial for solid epithelial cancers, with VEGF-C being

a key inducer. Also, D2-40, can detect lymphatic epithelium specifically. The findings of this

study may provide an important addition to the currently used prognostic parameters that are

assessed in a primary tumor. A broader view towards lymphangiogenesis needs to be under-

taken in patients undergoing neck dissections. Despite of significant advancements in this

regard, surgical treatment (treatment of choice) incorporating neck dissection is associated

with significant amount of mortality and morbidity. Furthermore, the research gap based on

assessment of true lymphangiogenesis in OSCC cases needs closure. Therefore, efforts to estab-

lish an autocrine loop involving lymphatic vascular density may be worked upon routinely,

which would help to raise our understanding of the lymphangiogenic interactions in OSCC

cases and their impact on loco-regional metastasis thereby identifying their potential utility as

prognostic or interventional targets. This approach may help in predicting tumor negative

lymph nodes through lymphangiogenic markers and hence sparing a significant number of

patients from the morbidity associated with extensive surgical interventions.

Methodology

Patients and tissue samples

This retrospective cohort study was conducted on archival tissue samples which were submit-

ted for histopathological evaluation in the Department of Oral Pathology, Microbiology and

Forensic Odontology after gaining consent from the Institutional Ethics Committee, RIMS,

Ranchi (vide letter no. 20, dated 03/02/2022). The archival samples and their corresponding

data were accessed for research purposes between 03/03/2022 to 15/12/2023. All the corre-

sponding data from patient’s records were fully anonymized during the entire study (all data

uploaded as S1 Data). All procedures performed in the study were in accordance with the 1964

Helsinki declaration and its later amendments or comparable ethical standards [9]. Study sam-

ples consisted of 128 excisional biopsy cases in total, which included Group I: OSCC cases

with clinically and histopathologically negative lymph node cohort (n = 64) and Group II:

OSCC cases with clinically negative but histopathologically positive lymph node cohort

(n = 64). All cases were clinically staged using AJCC level-based nodal classification which

defines TNM (Tumor Node Metastasis) as Stages I, II, III, and IV and histopathologically

graded using WHO 2005 criteria as well differentiated, moderately differentiated, poorly dif-

ferentiated, and anaplastic cases. Every case’s clinical information, including TNM staging,

was gathered from patients’ records. Patients who had not had any prior treatment were

included in the study, as were patients who underwent radiation or surgery (radical or selective

neck dissection) as the first line of treatment. Patients with significant necrosis and/or super-

added infection, prior chemotherapy, patients who declined surgical treatment, patients for
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whom treatment other than surgery was recommended, and additional concurrent primary

tumors were eliminated.

Immunohistochemistry with VEGF-C and D2-40 Anti D2-40

Three-micrometer-thick sections from archival formalin-fixed paraffin-embedded tissues

were placed on poly-l-lysine-coated slides for immunohistochemistry. VEGF-C (Anti

VEGF-C (PA5-29772, Invitrogen) and D2-40 Anti D2-40 (IR072/8072, Dako) immuno

expressions were analysed by immunohistochemical examination with antibodies. For

VEGF-C immunostaining, prostate served as the positive control whereas for D2-40 immu-

nostaining, Breast cancer served as positive control. The negative control was performed by

omitting the primary antibodies for both the immunostaining procedures. We used mouse

monoclonal anti-VEGF-C antibody diluted at 1:50. Tris-EDTA buffer antigen retrieval proto-

col was used to unmask epitopes in formalin-fixed and paraffin embedded tissue sections. pH

Tris EDTA epitope retrieval was 6, while primary antibody was incubated at room temperature

overnight. For D2-40 monoclonal antibody endogenous peroxidase was blocked by immersion

in methanol containing 3% hydrogen peroxide for 5 min. After a 5-min wash with PBS, the

nonspecific binding was blocked in PBS containing 1% bovine serum albumin at room tem-

perature for 30 min. The blocked sections were incubated at 4˚C overnight with 50-fold

diluted monoclonal antibody D2-40 in PBS, and D2-40 binding was visualised using an avi-

din-biotin complex immunoperoxidase procedure.

Assessment of immunoscoring of cell positivity and intensity

Based on whether or not they had LVI, the patients were split into two groups (V−/V +). A

microvessel was defined as an individual or a group of positive podoplanin-expressing endo-

thelial cells that surrounded a visible lumen and could be clearly distinguished from other con-

nective tissue elements and neighboring microvessels. Peritumoral lymphatic vessels were

identified as those in the periphery within 2 mm of tumors next to the invasion front, while

intratumoral lymphatic vessels were characterized as those within the tumor cell islets. In

short, a 40× field was used to mainly display the three most vascularized locations that podo-

planin examined-also referred to as hotspots. Next, vessels in each of these regions were found

using a 200×field of view [10].

VEGF-C expression was evaluated using a light microscope by two pathologists, blinded to

the information of clinical outcomes. Scoring was done based on the proportion and intensity

of staining in tumor cell cytoplasm. The intensity of staining was evaluated as follows: 0, no

staining; 1, weak; 2, moderate; and 3, strong. The proportion of positive tumor cells was scored

as 0 (No positive cells); 1 (1–10% positive cells); 2 (11–49% positive cells); 3 (> 50% positive

cells) [11].

Statistical analysis

Statistical analysis was performed using STATA 18.0 SE-Standard Edition (Stata Corp LLC,

Texas-USA 800-STATA-PC 979-696-4600, Serial Number 401806362156). The descriptive sta-

tistics was reported in the form of frequency, percentages, mean and standard deviation. Nor-

mal distribution of the data having ratio scale was evaluated by histogram, skewness, kurtosis,

Kolmogorov - Smirnov Test and Shapiro Wilk Test. The morphological score was compared

between Group I (clinically and histopathological negative LN) and Group II (clinically nega-

tive and histopathological positive LN) by Mann Whitney U Test. Pearson’s and Spearman’s

correlation was used to evaluate relationship between VEGF-C and D2-40 immunoexpression
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with the morphological scores in both groups depending on the distribution of the data.

p� 0.05 was considered statistically significant throughout the study.

Results

Demographic data

The overall mean age of the study cases was 46.13 years. The cases included in the study had a

higher male representation, i.e., 87.5%. Also, 78.12% cases were males in Group I category and

76.56% cases were males in Group II category. Majority of cases were cited on buccal mucosa

(27.34%) followed by alveolar mucosa (18.75%), gingivobuccal sulcus (17.19%), buccal vesti-

bule (13.28%), lateral border of tongue (11.72%), labial vestibule (7.03%), labial mucosa

(3.91%) and lingual vestibule (0.78%) (p = 0.010) respectively.

Description of cases

In our study, 42.19% cases of Group I were Stage II of the disease in comparison to majority of

cases (42.19%) of Group II which were Stage IV. Majority of Group I cohort were histopatho-

logically confirmed as well differentiated SCC (70.31%) and belonged to Stage II OSCC

(42.19%) whereas Group II showed equal preponderance of moderately and poorly differenti-

ated SCC (40.62%) and majority of such cases belonged to stage III OSCC (32.81%) (Fig 1A).

Expression of VEGF-C in OSCC

100% cases in our study showed VEGF-C immuno-positivity. 21.88% Group I cases and

40.62% Group II cases showed highest immuno-positivity for VEGF-C (p�0.05) (Fig 2).

Majority of the cases of Group I (57.81%), showed immunoscore 1 of VEGF-C whereas major-

ity of the cases of Group 2 (40.62%) showed immunoscore 3 (Fig 1B).

The immunoexpression of VEGF-C increased with increasing grades of histopathological

scores as well as TNM staging. Although the immunoscores of VEGF-C were not significant

among the study groups (Fig 3).

Fig 1. (A) Percentage distribution of cases in both groups corresponding to all clinical and histopathological categories of OSCC. (B) VEGF-C

immunoscores in both groups.

https://doi.org/10.1371/journal.pone.0311108.g001
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Expression of D2-40 in OSCC

100% cases in our study showed D2-40 immuno-positivity. ILVD for group I was 25.45313

±1.384246 whereas; for group 2 was 41.5 ± 1.71723. On the other hand, PLVD for group I was

25.43±6.74 whereas for group 2 were 35.95±8.27 (Fig 4).

Fig 2. VEGF-C and D2-40 immunoexpressions in well differentiated OSCC (A, B, C); Moderately differentiated

OSCC (D, E, F) and Poorly differentiated OSCC (G, H, I).

https://doi.org/10.1371/journal.pone.0311108.g002

Fig 3. Scatter plots depicting correlation between (A) VEGF-C and histopathological grading of OSCC cases and (B) VEGF-C and

TNM (clinical) staging of OSCC cases.

https://doi.org/10.1371/journal.pone.0311108.g003
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ILVD and PLVD scores

As regards to objective assessment of lymphangiogenic potential amongst all cases the mean

D2-40 score for ILVD and PLVD was higher for group II cases (i.e., 41.5±13.73 and 35.95

±8.27 respectively at 95% CI, p = 0.00) suggesting a direct correlation between LVD and

lymph node metastasis (Fig 5).

Fig 4. Mean D2-40 immunoscores (ILVD and PLVD) in both groups.

https://doi.org/10.1371/journal.pone.0311108.g004

Fig 5. Intratumoral (A, B) and peritumoral (C, D) lymphatic vessels in OSCC cases.

https://doi.org/10.1371/journal.pone.0311108.g005
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There is a positive correlation between D2-40 intratumoral and peritumoral lymphatic ves-

sel density with histopathological as well as clinical grades of OSCC (p�0.05) (Fig 6).

Discussion

Tumor invasion of lymphatic vessels has long been thought to be a major pathogenic factor in

OSCC metastasis. However, its impact on recurrence and tumor locoregional control remains

uncertain. Jakobsson et al. [12] included an evaluation of the degree and presence of LVI in

the multifactorial grading system. Its existence suggests a substantial inflow of tumor cells into

the vascular compartment, one of the first steps toward the potential metastasis’s development.

The principal pathway for which involves enhancement of ILVD and PLVD which is a signifi-

cant component contributing to the way that oral cancer cells enter lymphatics [13].

The most commonly recognised explanation states that a tumour creates lymphangiogenic

growth factors, mostly members of the VEGF family, as it expands. Following that, these vari-

ables cause lymphatic vessels that are already existing within tumour cell sheets to be included

Fig 6. Scatter plots depicting correlation between D2-40 immunoscores (ILVD-A, C, E) (PLVD-B, D, F) with histopathological assessment, clinical

assessment, and between groups of OSCC cases.

https://doi.org/10.1371/journal.pone.0311108.g006
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as well as new vessels to develop. By taking the path of least resistance, cancer cells migrate

away from the expanding tumour mass and towards the lymphatic capillaries [14].

How lymphovascular invasion influences OSCC patients’ response to treatment is yet

unclear. Concerns over the influence of LVI on treatment failure were raised by Fagan et al.’s

[15] observation that vascular and lymphatic invasion were not significantly associated with

local recurrence in patients with head and neck SCC. This conclusion was supported by the

results of Tai et al. [16] regarding locoregional control of early-stage tongue OSCC and Chen

et al. [17] regarding disease control of early-stage OSCC. However, some researchers have

linked LVI to locoregional recurrence or distant metastasis. Their study, which is the first to

examine vascular and lymphatic invasion independently, found that neither invasion type has

an impact on locoregional recurrence after treatment or distant metastasis [6].

Whereas the majority of intratumoral lymphatic vessels in our study were small and col-

lapsed, LVs around the invasive edge were often bigger and dilated. Our research supported

the findings of Franchi et al. [18] who discovered a statistically significant increase in peritu-

moral lymphatics in cases of HNSCC, including metastases to lymph nodes. Consequently,

they proposed that peritumoral lymphangiogenesis in patients with HNSCC may indicate the

possibility of lymph node metastases [19].

Our observations suggest that poorly differentiated OSCC may benefit from podoplanin

expression along the invasive front due to their apparent tendency for local development and

lymphovascular invasion (Fig 7). Thus, there is a relationship between a greater likelihood of

lymph node metastases and elevated podoplanin levels. In lesions showing localized expression

of podoplanin, the outside layer of the tumor cells showed positive staining, but the inner cell

nests showed no staining at all. Well-differentiated OSCC showed a more pronounced diffuse

staining pattern than poorly differentiated OSCC, which was more common, especially in the

invasive front areas. These results may be explained by the theory of tumor initiating cells,

which was supported by the study of a few other authors. VEGF-C epithelial expression was

greater in positive node OSCC cases compared to node-free cases [19].

Research by Sugiura et al. [20] and Yanase et al. [21] revealed an increased VEGF-C immu-

noexpression in tumors with invasive front regions, especially in the positive node OSCC.

These results raised the possibility that VEGF-C promotes the invasiveness of cancer cells.

According to Sugiura et al. [20] VEGF-C’s capacity to stimulate urokinase synthesis by cancer

cells expedites plasmin-mediated matrix breakdown, hence facilitating the cancer cells’ prolif-

eration and invasion of adjacent tissue, which explains the rise in VEGF-C expression at the

invasive front. Through a paracrine mechanism, VEGF-C promotes endothelial cell prolifera-

tion and sprouting. It was demonstrated that VEGF-C binds to VEGFR-2 and VEGFR-3,

which are found on lymphatic and blood endothelial cells, respectively [21].

Moreover, a variety of chemokines that regulate leukocyte aggregation in the tumor-associ-

ated stroma are released by endothelial cells as a result of VEGF-C. Reactive oxygen species,

matrix metalloproteinases (MMPs), and chemokines released by VEGF-C control the growth,

invasion, angiogenesis, and proliferation of cells. Consequently, VEGF-C plays a critical role

in the remodeling of the extracellular matrix through the release of urokinase by cancer cells as

well as the release of MMPs by leukocytes that VEGF-C attracts. Moreover, it has been estab-

lished that VEGF-C acts as a pro-lymphangiogenic agent, causing the lymphatic endothelium

to express VEGFR-3. This is supported by studies conducted in a mouse model, which demon-

strated that blocking VEGFR-3 signaling using fusion proteins that act as VEGF-C’s traps

reduced tumor lymphangiogenesis and lymphatic dispersion [12, 13].

The authors have made an attempt to determine the purpose and impact of lymphangio-

genesis in the present analysis. However, there are a few strengths and limitations of the study

which may be listed as:
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Strengths

1. The study addresses the research gap and scarcity of information about the mechanisms of

lymphangiogenesis and its significance in loco regional spread through a two-step mecha-

nism to identify true lymphangiogenic potential of the primary tumor.

Fig 7. A few representations of lymphovascular invasion.

https://doi.org/10.1371/journal.pone.0311108.g007
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2. D2-40 clearly discriminates lymphatic vessels from blood vessels, thereby removing the pos-

sibility of pseudo identification.

3. By measuring lymphatic vessel density, the study offers an objective evaluation of lymphatic

potential of the tumor.

4. The study’s information on cancer-mediated lymphangiogenesis will aid the researchers to

refocus their attention and find more effective treatment approaches for OSCC by identify-

ing newer therapeutic targets and reducing the morbidity associated with conventional

treatment approaches.

5. The results of this study might significantly improve the prognostic factors currently

employed to evaluate primary epithelial malignancies eg. OSCC.

Limitations

1. The study does not correlate the primary tumor microenvironment in relation to lymphan-

giogenesis. The author’s plan to study the same in further extensions of this study.

2. The study also did not pay emphasis on lymph node architectural changes in detail as they

may hold prognostically relevant information. The authors have planned to evaluate the

same in future and formulate a clinic-histopathological model of OSCC based on detailed

findings.

Conclusion

Given that lymphangiogenesis is a dependable predictor of the biologic potential of OSCC, it

might help surgeons select the most appropriate treatment approach based on the unique risk

profile of each patient (Group I vs. Group II). Decoding the impact of intratumoral and peritu-

moral lymphatic vascular density on OSCC is critical to implementing meaningful modifica-

tions to treatment selection and procedure protocols for OSCC and lowering the morbidity

burden associated with needless surgical interventions especially in cases with N0 neck.
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