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Abstract---Background: The present study was carried out to evaluate
the relation between angiogenesis, and tumor stage of oral squamous
cell carcinoma (OSCC). Materials and methods: Thirty formalin-fixed
paraffin embedded blocks were used, ten of them were previously
diagnosed as well differentiated OSCC, ten moderately differentiated
OSCC and ten poorly differentiated OSCC. To determine the
expression of CD31 and D2-40 proteins, streptavidin-biotin
immunoperoxidase staining technique was used. The areas with the
most vascular density (hot spots) were determined. The stained
vessels were counted independently in intratumoral and peritumoral
stroma. Results: CD 31 protein showed positive expression in the
peritumoral and intratumoral blood vessels subjacent to the
malignant invading nests. D2-40 expression was positive in lymphatic
vessel in the peritumoral and intratumoral stroma subjacent to the
invading nests. The highest mean values of both CD31 and D2-40
proteins expression were recorded in poor differentiated OSSC
followed by moderate differentiated OSSC then well differentiated
OSSC. There was statistically significant difference found between the
three studied groups regarding CD31 and D2-40 levels. Also there was
statistically significant positive correlation found between CD31 level
and D2-40 level.Conclusion: CD31 and D2-40 are related to stage of
OSCC and are consistent with angiogenesis in tumor progression.

Keywords---immunohistochemistry, CD31, D2-40, tumor
angiogenesis, OSSC.

Introduction

Oral carcinoma is the sixth most common malignant tumor worldwide and the
third most prevalent cancer in developing countries, with a particularly high
incidence in South-East Asian countries and India [1]. Oral cancer arises as a
result of an increase in genetic instability, which involves the activation of
oncogenes and the suppression of tumor suppressor genes. Most human
malignancies are defined by the loss of biological mechanisms that regulate cell
cycle progression, cell death vs growth balance, and apoptosis in their early
stages [2]. OSCC is the most common head and neck cancer, with the greatest
mortality rate of all carcinomas [3].

OSCC is most common in people between the ages of 45 and 75, and is gradually
increasing [4]. The most common etiological and predisposing factors for OSCC
are smoking and drinking habits, as well as ultraviolet radiation (particularly for
lip cancer), but other factors such as human papillomavirus (HPV) and Candida
infections, nutritional deficiencies, and genetic predisposition have been also
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associated [5, 6]. OSCC is a disease that affects adults and the elderly, with the
most common clinical manifestation being an ulcerated lesion with a necrotic
central area and raised rolling edges [7].

The five-year survival rate showed a little improvement over the years [8].
Identifying reliable prognostic factors remains challenging. The multistep
accumulation of diverse genetic alterations in squamous cells is thought to be the
source of OSCC development. Transformed cells can proliferate and invade as a
result of these progressive changes [9]. The biological and clinical behaviours of
OSCC and head and neck squamous cell carcinoma have been studied utilizing a
variety of biological markers. Clinical, radiological, and histopathological
investigations are used to determine a patient's prognosis and treatment options.
The primary tumor's location, as well as the presence or absence of local
metastasis in cervical lymph nodes and distant metastases, are all significant
characteristics to consider. [10].

Angiogenesis or is essential for development and progression of malignant tumors
[11]. Angiogenesis can be utilized as a prognostic indicator, indicating the
likelihood of tumor growth and metastasis. Rather than direct tumor cell
inhibition, it could be exploited as a novel secondary target for anticancer therapy
[12]. Some authors have reported the usefulness of microvessel density as
prognostic tool for assessment of patients after surgical treatment [13, 14]. CD31
and vascular endothelial growth factor (VEGF) are well-defined angiogenesis
indicators. CD31 is a protein that is highly expressed on the surface of
endothelial cells and well established for the monitoring of vascular density in
malignant tissue [15]. CD31 was found to be involved in angiogenesis of early
breast carcinoma [16], and nasopharyngeal carcinoma [17]. Sion-Vaardy et al.
found a significantly increased number of vessels in head and neck tumors with
deeper invasion [18].

The lymph node status is one of the most important criteria in determining
prognosis and treatment options. Although the importance of this component has
been well established, the process by which tumor cells infiltrate the lymphatic
system and cause lymph node metastases is still unknown[19]. Lymphocytic
metastases were thought to be caused by a passive mechanism for decades,
based on the basic architecture of lymphatic vessels. The identification of
molecular markers that govern lymphatic metastasis is currently a major problem
for using targeted therapies to improve therapeutic outcomes. The lymphatic
endothelial cell marker podoplanin has been found to be expressed in a variety of
malignancies, including oral tumors. Podoplanin plays a role in carcinogenesis
and cancer progression in head and neck cancers, and its expression is not
limited to the endothelium of lymphatic vessels [20]. D2-40 antibody detects
human podoplanin uniquely and can thus be used to assess its expression in the
development of malignant neoplasms and lymphatic invasion. [21]. Regardless of
the exact role of podoplanin in cell migration and tumor growth, its expression in
squamous cell carcinoma tumor cells was identified immunohistochemically [22].
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Materials and Methods
Samples Selection

Thirty formalin-fixed paraffin embedded blocks were used, 10 of them were
previously diagnosed as well differentiated OSCC, 10 moderate differentiated
OSCC and 10 poorly differentiated OSCC. They were collected from the archives of
Oral and Dental Pathology Department, Faculty of Dental Medicine, Boys, Al-
Azhar University, Cairo. All sections were stained with H&E to confirm the
diagnosis.

Immunohistochemistry

To determine the expression of CD31 and D2-40 proteins, streptavidin-biotin
immunoperoxidase staining technique was used. The immunostaining procedures
were carried out according to the manufacturer's instructions, with CD-31
immunostaining by the Avidin Biotin complex method (Biogenex life sciences 1td,
California, USA) to demonstrate blood vessels and toluidine blue staining for mast
cell identification [23]. The anti CD-31 antibody highlighted the microvessels by
staining endothelial cell membrane. A vessel was defined as a cluster of
endothelial cells that was clearly isolated from surrounding microvessels. Because
lymphatic endothelial cells lack brown staining, it was easy to distinguish
between blood and lymphatic vessels.

Microvessels staining and counting were carried out in accordance with previous
investigations [24]. The stained sections were examined at a magnification of x40
to identify the areas with the most vascular density (hot spots). The stained
vessels were counted independently in intratumoral and peritumoral stroma in
five areas of hot spot at x400 magnification. Anti-D2-40 monoclonal antibodies
(DakoCytomation, Carpinteria, CA, USA) were used to highlight lymphatic vessels
and tumor cells expressing D2-40. Incubation with primary antibody, was
followed by the use of labeled streptavidin biotin working system (LSAB+,
DakoCytomation) and 3,3 diaminobenzidine as chromogen. A modified Lillie
hematoxylin counterstain was used. The presence, morphology, and density of
lymphatic vessels were all measured.

Staining Interpretations

Under 200 magnification, the lymphatic microvascular density (LMVD) was
determined using the hot spot method [25]. Evaluation of immunostaining was
done using image analysis computer system was used to assess positive of the
immunostaining. This was done in the Oral and Dental Pathology Department -
Faculty of Dental Medicine - Boys- Cairo - Al-Azhar University.

Statistical Analysis
Statistical presentation and analysis of the present study was conducted, using

the mean, standard deviation, ANOVA, Tukey’s test and Spearman’s correlation
coefficient was used to determine correlations between different measurements by
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SPSS V204. Significant level: Non significant >0.05, significant <0.05* high
significant <0.001*.

Results
CD 31 protein expression results

Immunohistochemical staining using CD 31 protein showed a high number of
CD31-positive vessels in the peritumoral and intratumoral stroma subjacent to
the malignant invading nests of poor differentiated OSSC which recorded the
highest vessels count mean area (45.36 = 8.57), when compared to moderate
differentiated OSSC (34.51 £ 7.01), and well differentiated OSSC which recorded
the lowest vessels count mean area (23.51 + 6.15) (Table 1 and Figures 1 A, 1B,
1C). There was statistically significant difference found between the three studied
groups regarding CD31 level; the post hoc analysis shows that there was
statistically significant increase in the level of CD31 in moderate differentiated
OSCC than well differentiated group and also there was statistically significant
increase in the level of CD31 in poorly differentiated OSCC than moderate
differentiated group where P value was< 0.001 (Table 1 and Figure 2).

Table 1
Relation of CD31 level in different types of OSSC

CD31 Well differentiated Moderate Poorly Test P- Sig

OSscCcC differentiated differentiated value value
OSCC OSCC

No.=35 No.=35 No.=5

Mean + 23.51%6.15 34.51£7.01 45.36 £ 8.57 11.155 0.00 HS

SD . 2

Range 16.44 — 30.14 27.43 -43.73 33.25 -54.91

Post hoc analysis by LSD

Well Vs moderate Well Vs poorly Moderate Vs poorly

0.035 < 0.001 0.037

P-value > 0.05: Non significant; P-value < 0.05: Significant; P-value < 0.01: Highly significant.
CD31

Figure 1. CD31- staining hotspot blood vessels in a peritumoral and intratumoral
stroma subjacent to the malignant invading nest in (A) well; (B) moderately; and
poorly differentiated OSSC (C)
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Figure 2. Bar chart representing relation of CD31 level with OSCC groups
D2-40 protein expression results

D2-40 expression was positive in lymphatic vessel and did not stain the
endothelium of blood vessels. Lymph vessels were identified both in the
peritumoral area and intratumoral area of malignant invading nest of poor
differentiated OSSC tissue sections recorded the highest vessels count mean area
(11.30 £ 3.56), when compared to moderate differentiated OSSC (7.22 £+ 1.50), and
well differentiated OSSC had recorded the lowest vessels count mean area (3.17 £
1.16) (Table 2 and Figures 3 A, 3 B, 3 C). There was statistically significant
difference found between the three studied groups regarding D2-40 level; the post
hoc analysis shows that there was statistically significant increase in the level of
D2-40 in moderate differentiated OSCC than well differentiated group and also
there was statistically significant increase in the level of D2-40 in poorly
differentiated OSCC than moderate differentiated group where P value was< 0.05
(Table 2 and Figure 4). Also there was statistically significant positive correlation
found between CD31 level and D2-40 level and vice versa (Table 3 and Figure 5).

Table 2
Relation of D2-40 in different types of OSSC

D2-40 Well Moderate Poorly Test P- Si

differentiated differentiated differentiated value value g

OSCC OSCC OSCC

No. =35 No. =35 No.=35
Mean = 3.17+1.16 7.22 £ 1.50 11.30 + 3.56 15.262 0.00 H
SD . 1 S
Range 2.18 -5.04 5.41 -9.05 7.2 -16.75
Post hoc analysis by LSD
Well Vs moderate Well Vs poorly Moderate Vs poorly
0.017 0.000 0.017
P-value > 0.05: Non significant; P-value < 0.05: Significant; P-value < 0.01: Highly
significant.

D2-40
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Figure 3. D2-40 - staining hotspot lymph vessels with relatively wide lumen, thin
wall and slightly irregular contour in a peritumoral and intratumoral stroma
subjacent to the malignant invading nest in (A) well; (B) moderately; and (C)

poorly differentiated OSSC
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Figure 4. Bar chart representing relation of D2-40 level with OSCC groups

Table 3
Correlation between CD31 level and D2-40 level
CD31
r P-value
D2-40 0.643** 0.009

P-value > 0.05: Non significant; P-value < 0.05: Significant; P-value < 0.01: Highly
significant.

s0.00—| -

(0

=0 .00 —| -

da = ho Toloo Asoo Zaloo
Dz-ao

Figure 5. Correlation between CD31 level and D2-40 level

Discussion

In many solid tumors, the presence of neovascularization around neoplastic
tissue is a typical finding. Angiogenesis appears to be a key biological factor in
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tumor development, metastasis, and progression [26]. HNSCC's
lymphangiogenesis, vascular mimicry, and mosaic blood vessel aspect must all be
taken into account. Tumor cells were less angiogenesis dependent as a result of
these mechanisms, and they grew and metastasized using these alternative
vessels. Vascularization is necessary but not sufficient for the primary tumor's
rapid growth and metastasis of its cells to distant organs [27].

The aim of this study was to provide new information about the relation between
angiogenesis, tumor stage OSCC, In the present study there were significant
difference among the mean of CD31 level between different grade of OSCC (p <
0.001), The results of the present study showed increased CD31 level related to
stage of OSCC and are consistent with angiogenesis in tumor progression which
was in accordance with the previous studies, Ashkavandi et al (2010) [28],
Minhajat R (2006) [29] and Elpek GO (2001) [30], MVD was the most often
utilized parameter to assess vascularity in most studies of angiogenesis in OSCC
[31-33]. According to Shieh et al., increased vascularity at the tumor's periphery
is seen during the initiation of oral SCC. Intratumoral vascularity rises as the
tumor progresses. They showed that peritumoral vascular density differed from
that of the intra-tumoral area, which helps to explain why angiogenesis in oral
SCC is still debated [34].

Williams et al. detected that tumors with significant angiogenesis have a greater
regional recurrence rate, which they used as an independent prognostic predictor
[35]. Pignataro et al., also stated that patients with tumors that were inadequately
vascularized had a better prognosis. In the latter stages of the tumor, no
correlation between microvessel density and clinical pathological characteristics
or prognosis was found, which is almost similar to our findings. Angiogenesis may
be an early stage in the development of laryngeal tumors, according to the
authors [36]. The Ilymphatic system is the primary pathway for tumor
dissemination, and lymph node metastasis is the most important independent
prognostic factor [37]. The prognosis is good when lymph nodes are clear of
malignancy (10% -20% mortality), and the effect of adjuvant chemotherapy is less
pronounced than in lymph node-positive cases. As a result, defining a practical
reason for neoadjuvant therapy is crucial, and a positive prognostic therapeutic
impact should outweigh the discomfort, side effects, and cost of adjuvant therapy
[38]. Lymphatic vessel invasion (LVI) has an independent prognostic value, and it
is routinely assessed as part of the tumor pathology report [39].

In our study, we used both H&E and D2-40 IHC methods for the evaluation of
LVI. Based on the results, there was statistically significant increase in the level of
D2-40 in moderate differentiated OSCC than well differentiated group and also
there was statistically significant increase in the level of D2-40 in poorly
differentiated OSCC than moderate differentiated group where P value was< 0.05,
and the results of the present study showed increased D2-40 level related to stage
of OSCC which was in accordance with the previous studies [40-42]. Partu et al.,
[43] reported a progressive increase in D2-40 reactivity from normal epithelium to
dysplastic epithelium and then to SCC, implying that these immunomarkers may
be involved in the early stages of squamous cell carcinogenesis in the palate. D2-
40 is a monoclonal antibody that recognizes podoplanin, a family of mucin-like
transmembrane glycoproteins found on the endothelium of lymphatic vessels [44].
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Furthermore, the authors speculated that this expression might support a greater
likelihood of loco-regional lymph node metastases for OSCCs with such
localizations. Most of authors found a robust link between podoplanin expression
and the rate of lymph node metastases [45-47]. In current study, there was
statistically significant positive correlation found between CD31 level and D2-40
level and vice versa. This result could be due to the tumor embolism, which
completely filled the lumen of the lymphatic vessel. In addition, with the H&E
method, vascular invasion, either lymphatic or blood, could be detected and it
can't be decided whether it is a lymph vessel or a blood vessel. In agreement with
our findings Dileep A and his co-worker found D2-40 as a useful marker for
lymphatic invasion and CD31 for blood vessel invasion [48].

Conclusion

In our study we concluded that CD31 and D2-40 related to stage of OSCC and are
consistent with angiogenesis in tumor progression.

Funding

This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement

The data sets used during current study are available from the corresponding
author on reasonable request.

Conflicts of Interest

The authors declare no conflict of interest. All authors have read and agreed to
the published version of the manuscript.

References

1. Adrian Patru 1, Valeriu  Surlin, Claudiu  Margaritescu, Eduard  Mihai
Ciuca, Marius Matei, Daniela Dumitrescu, Adrian Camen.
Immunohistochemical evaluation of D2-40, Galectin-3, Maspin and MCM7
expression in palate squamous cell carcinomas. Rom J Morphol Embryol
Jan-Mar 2021;62(1):133-149.

2. Amin MB, Greene FL, Edge SB, Compton CC, Gershenwald JE, Brookland
RK, et al. The Eighth Edition AJCC Cancer Staging Manual: Continuing to
build a bridge from a population-based to a more "personalized" approach to
cancer staging. CA Cancer J Clin. 2017;67(2):93-9.

3. Ashkavandi Z.J., Moshref M.*, Mashhadi Abbas F., Sargolzaei S., Taghavi N.
Evaluation of CD31 Expression and Mast Cell Count in Dysplastic Lesions
and Squamous Cell Carcinoma of the Oral Cavity. IRANIAN RED


https://pubmed.ncbi.nlm.nih.gov/?term=P%C4%83tru+A&cauthor_id=34609416
https://pubmed.ncbi.nlm.nih.gov/34609416/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=%C5%9Eurlin+V&cauthor_id=34609416
https://pubmed.ncbi.nlm.nih.gov/?term=M%C4%83rg%C4%83ritescu+C&cauthor_id=34609416
https://pubmed.ncbi.nlm.nih.gov/?term=Ciuc%C4%83+EM&cauthor_id=34609416
https://pubmed.ncbi.nlm.nih.gov/?term=Ciuc%C4%83+EM&cauthor_id=34609416
https://pubmed.ncbi.nlm.nih.gov/?term=Matei+M&cauthor_id=34609416
https://pubmed.ncbi.nlm.nih.gov/?term=Dumitrescu+D&cauthor_id=34609416
https://pubmed.ncbi.nlm.nih.gov/?term=Camen+A&cauthor_id=34609416
https://www.sid.ir/en/journal/Searchpaper.Aspx?Writer=265839
https://www.sid.ir/en/journal/Searchpaper.Aspx?Writer=3782
https://www.sid.ir/en/journal/Searchpaper.Aspx?Writer=3784
https://www.sid.ir/en/journal/Searchpaper.Aspx?Writer=46908
https://www.sid.ir/en/journal/Searchpaper.Aspx?Writer=8210
https://www.sid.ir/en/journal/JournalList.aspx?ID=3949

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

523

CRESCENT MEDICAL JOURNAL (IRCMJ) MAY
2010, Volume 12 , Number 3; Page(s) 272 To 276.

Bartuli FN, Luciani F, Caddeo F, Compagni S, Piva P, Ottria L, Arcuri C.
Podoplanin in the development and progression of oral cavity cancer: a
preliminary study. Oral Implantol (Rome), 2012, 5(2-3):33-41. PMID:
23285404 PMCID: PMC3505098

Beatrice F, Cammarota R, Giordano C, et al. Angiogenesis: prognostic
significance in laryngeal cancer. Anticancer Res. 1998;18:4737-40.
Benitez-Bribiesca L, Wong A, Utrera D, Castellanos E. The role of mast cell
tryptase in neoangiogenesis of premalignant and malignant lesions of uterine
cervix. J Histochem Cytochem 2001;49:1061-2. [11457936].

Braunwald, Fassci, Kasper. Harrison’s Principles of Internal Medicine. 5th
edition. Mc. Graw Hill Companies. 2003;517-29.

Bray, F., Ferlay, J., Soerjomataram, I., Siegel, R. L., Torre, L. A., and Jemal,
A. (2018). “Global cancer statistics 2018: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185 countries,” in CA: A Cancer
Journal for Clinicians, 68, 394-424. doi: 10.3322/caac.21492

de Vicente JC, Santamarta TR, Rodrigo JP, Garcia-Pedrero JM, Allonca E,
Blanco-Lorenzo V. Expression of podoplanin in the invasion front of oral
squamous cell carcinoma is not prognostic for survival. Virchows Arch, 2015,
466(5):549-558. https://doi.org/10.1007/s00428-015-1746-3 PMID:
25726183

Dileep A, Prasad P. Use of immunomarkers D2-40 and CD31 in detection of
lymphovascular invasion in breast carcinoma. J Med Sci Clin Res.
2018;6:90-6.

Elpek GO, Gelen T, Aksoy NH, Erdogan A, Dertsiz L, Demircan A, Keles N.
The prognostic relevance of angiogenesis and mast cells in squamous cell
carcinoma of the oesophagus. J Clin Pathol 2001;54: 940-4. [11729214]
Folkman J, Shing Y. Angiogenesis. J Biol Chem 1992; 267: 10931-10934.
Gudlaugsson E, Skaland I, Undersrud E, Janssen EA, Sgiland H, Baak JP.
D2-40/p63 defined lymph vessel invasion has additional prognostic value in
highly proliferating operable node negative breast cancer patients. Mod
Pathol. 2011;24(4):502.

Gulubova N, Vlaykova T. Prognostic significance of mast cell number and
microvascular density for the survival of patients with primary colorectal
cancer. J Gastroenterol Hepatol 2009;24:1265-75. [17645460] [doi:

Gumina RJ, Kirschbaum NE, Rao PN, vanTuinen P, Newman PJ. The human
PECAMI1 gene maps to 17q23. Genomics. 1996;34:229-32.

Hans-Ullrich Voelker , Isabelle Hintermeier , Annette Strehl , Matthias
Scheich. Prognostic Potential of the Expression of Podoplanin (D2-40) Within
Cells of Squamous Cell Carcinoma of the Larynx and Hypopharynx. World J
Oncol . 2020 Apr;11(2):65-71. doi: 10.14740/wjon1259. Epub 2020 Mar 29.
Johnson NW, Jayasekara P, Amarasinghe AA. Squamous cell carcinoma and
precursor lesions of the oral cavity: epidemiology and etiology. Periodontol
2000. 2011;57:19-37.

Jong JS. De, van Diest PJ, Baak JP. Heterogeneity and reproducibility of
microvessel counts in breast cancer. Lab Investig. 1995;73:922-6.

Kadota K, Huang CL, Liu D, Nakashima N, Yokomise H, Ueno M, et al. The
clinical significance of the tumor cell D2-40 immunoreactivity in non-small
cell lung cancer. Lung Cancer 2010;70:88-93.


https://www.sid.ir/en/journal/JournalList.aspx?ID=3949
https://www.sid.ir/en/journal/JournalListPaper.aspx?ID=79722
https://www.sid.ir/en/journal/JournalListPaper.aspx?ID=79722
https://pubmed.ncbi.nlm.nih.gov/?term=Voelker+HU&cauthor_id=32284774
https://pubmed.ncbi.nlm.nih.gov/32284774/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Hintermeier+I&cauthor_id=32284774
https://pubmed.ncbi.nlm.nih.gov/32284774/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Strehl+A&cauthor_id=32284774
https://pubmed.ncbi.nlm.nih.gov/32284774/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Scheich+M&cauthor_id=32284774
https://pubmed.ncbi.nlm.nih.gov/?term=Scheich+M&cauthor_id=32284774

524

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Kato Y, Kaneko M, Sata M, Fuyjita N, Tsuruo T and Osawa M: Enhanced
expression of Aggrus (Tla/podoplanin), a platelet aggregation-inducing factor
in lung squamous cell carcinoma. Tumor Biol 26: 195-200, 2005.

Kessler DA, Langer RS, Pless NA, Folkman J. Mast cells and tumor
angiogenesis. Int J Cancer. 1976;18:703-09.

Kreppel M, Scheer M, Drebber U, Ritter L, Zoller JE. Impact of podoplanin
expression in oral squamous cell carcinoma: clinical and histopathologic
correlations. Virchows Arch, 2010, 456(5):473-482.
https://doi.org/10.1007/s00428-010-0915-7 PMID: 20393745.

Kwon MJ. Emerging Roles of Claudins in Human Cancer. Int J Mol Sci.
2013;14:18148-80.

LAURA CIRLIGERIU1, ANCA MARIA CIMPEAN2, MARIUS RAICA2 and CAIUS
IOAN DOROSS. Dual Role of Podoplanin in Oral Cancer Development. in vivo
28: 341-348 (2014).

Leedy DA, Trune DR, Kronz JD, Weidner N, Cohen JI. Tumor angiogenesis,
the p53 antigen and cervical metastasis squamous cell carcinoma of tongue.
Otolaryngol Head Neck Surg. 1994;111:417-22

Manimaran A, Buddhan R, Manoharan S. Emodin downregulates cell
proliferation markers during DMBA induced oral carcinogenesis in golden
Syrian hamsters. Afr J Tradit Complement Altern Med. 2017;14:83-91.
Margaritescu C, Raica M, Pirici D, Simionescu C, Mogoanta L, Stinga AC,
Stinga AS, and Ribatti D: Podoplanin expression in tumor-free resection
margins of oral squamous cell carcinomas: an immunohistochemical and
fractal analysis study. Histopathol 25(6): 701-11, 2010.

Martin-Villar E, Scholl FG, Gamallo C, Yurrita MM, Munoz- Guerra M,
Cruces J and Quintanilla M: Characterization of human PA2.26 antigen (Tla-
2, podoplanin) a small membrane mucin induced in oral squamous cell
carcinomas. Int J Cancer 113: 899-910, 2005.

Martone T, Rosso P, Albera R, Migliaretti G, Fraire F, Pignataro L, Pruneri G,
Bellone G, Cortesina G. Prognostic relevance of CD105+ microvessel density
in HNSCC patient outcome. Oral Oncol 2005;, 41:147-55.

Marur S, D'Souza G, Westra WH, Forastiere AA. HPV-associated head and
neck cancer: a virus-related cancer epidemic. Lancet Oncol. 2010;11:781-9.
Minhajat R, Mori D, Yamasaki F, Sugita Y, Satoh T, Tokunaga O. Endoglin
(CD105) expression in angiogenesis of colon cancer; analysis using tissue
microarrays and comparison with other endothelial markers. Virchows Arch
2006;448:127- 34. [16177881] [doi:10.1007 /s00428 -005-0062-8].

Neville BW, Day TA. Oral cancer and precancerous lesions. CA Cancer J Clin.
2002;52:195-215.

Oliveira, L., and Ribeiro-Silva, A. (2011). Prognostic significance of
immunohistochemical biomarkers in oral squamous cell carcinoma. Int. J.
Oral Maxillofac. Surg. 40, 298-307. doi: 10.1016/j.ijom.2010. 12.003
Pazouki S, Chisholm DM, Adi MM, Carmichael G, Farquharson M, Ogden GR
et al. The association between tumour progression and vascularity in the oral
mucosa. J Pathol. 1997;183:39-43.

Pignataro L, Carboni N, Midolo V, et al. Clinical relevance of microvessel
density in laryngeal squamous cell carcinomas. Int J Cancer. 2001;92:666—
70.

Reis-Filho JS and Schmitt FC: Lymphangiogenesis: what do we know?
Microsc Res Tech 60(2): 171-180, 2003.


https://doi.org/10.1007/s00428-010-0915-7

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

525

Rubio L, Burgos JS, Morera C, Vera-Sempere FJ. Morphometric study of
tumor angiogenesis as a new prognostic factor in nasopharyngeal carcinoma
patients. Pathol Oncol Res. 2000;6:210-6.

S. Bodhade and A. M. Dive, “Chemoprevention of premalignant and
malignant lesions of oral cavity: recent trends,” European Journal of
Dentistry, vol. 7, no. 2, pp. 246-250, 2013.

Schacht V, Dadras SS, Johnson LA, Jackson DG, Hong YK, Detmar M. Up-
regulation of the lymphatic marker podoplanin, a mucin-type transmembrane
glycoprotein, in human squamous cell carcinomas and germ cell tumors. Am
J Pathol. 2005;166

Schiefer A-I, Schoppmann SF, Birner P. Lymphovascular invasion of tumor
cells in lymph node metastases has a negative impact on survival in
esophageal cancer. Surgery. 2016;160(2):331-40. [PubMed]| [Google Scholar]
Shieh YS, Lee HS, Shiah SG, Chu YW, Wu CW, Chang LC. Role of angiogenic
and non-angiogenic mechanisms in oral squamous cell ncarcinoma:
correlation with histologic differentiation and tumor progression. J Oral
Pathol Med 2004;33:601-6. [15482326] [doi:

Sion-Vardy N, Fliss DM, Prinsloo I, Shoham-Vardi I, Benharroch D.
Neoangiogenesis in squamous cell carcinoma of the larynx - biological and
prognostic associations. Pathol Res Pract. 2001;197:1-5.

Thomas GR, Nadiminti H, Regalado J. Molecular predictors of clinical
outcome in patients with head and neck squamous cell carcinoma. Int J Exp
Pathol. 2005;86(6):347-63.

Wicki A, Lehembre F, Wick N, Hantusch B, Kerjaschki D and Christofori G:
Tumor invasion in the absence of epithelialmesenchymal transition:
podoplanin-mediated remodeling of the actin cytoskeleton. Cancer Cell 9:
261-272, 2006.

Williams JK, Carlson GW, Cohen C, Derose PB, Hunter S, Jurkiewicz MJ.
Tumor angiogenesis as a prognostic factor in oral cavity tumors. Am J Surg.
1994;168:378-80.

Williams JK, Carlson GW, Cohen C, DeRose PB, Hunter S, Jurkiewicz MJ.
Tumor angiogenesis as a prognostic factor in oral cavity tumors. Am J Surg.
1994;168:373-80.

Yodavudh S, Tangjitgamol S, Puangsa- art S. Prognostic significance of
microvessel density and mast cell density for the survival of Thai patients
with primary colorectal cancer. J Med Assoc Thai 2008;91:723-32.

Z. Khan, R. P. Tiwari, R.Mulherkar et al., “Detection of surviving and p53 in
human oral cancer: correlation with clinicopathologic findings,” Head & Neck,
vol. 31, no. 8, pp. 1039-1048, 2009.


https://www.ncbi.nlm.nih.gov/pubmed/27085684
https://scholar.google.com/scholar_lookup?journal=+Surgery&title=Lymphovascular+invasion+of+tumor+cells+in+lymph+node+metastases+has+a+negative+impact+on+survival+in+esophageal+cancer&author=A-I+Schiefer&author=SF+Schoppmann&author=P+Birner&volume=160&issue=2&publication_year=2016&pages=331-40&pmid=27085684&

