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INTRODUCTION:
The sixth most common cancer in the world is Oral Squamous Cell 
Carcinoma (OSCC). It is one of the leading causes of death in India. 
The molecular biological markers of OSCC have been extensively 
studied to aid in the prevention and the prognosis of OSCC. However, 
no marker has been universally accepted so far.  3

 
By the time of detection of oral cancers, approximately 60% of them 
are very well advanced. Despite innovation being made in various 
treatment modalities, the long term survival rate for OSCC remains 
lesser than 50 percent.3

 
By the time oral cancer is diagnosed, most individuals have localized 
or regional disease (37% localized; 43% regional; 10% distant and 
10% unstaged). Five year survival rates for all oral cancers cases are 
79% for those with localized disease, 42% for regional disease and 
19% for disease with distant metastases. Development of oral cancer 
proceeds through discrete molecular genetic changes that are acquired 
from loss of genomic integrity following continued exposure to 
environmental risk factors.11

 
These genetic changes generate concomitant phenotypic changes in 
the tumor cells allowing them to continually survive, spread out and 
having an ability to invade surrounding tissues and metastasize.4,31

 

Angiogenesis or neovascularization is the growth of new blood vessels 
from pre-existing ones. This is an important component in many 
biological processes, both in physiological conditions (proliferating 
endometrium and embryogenesis) as well as pathological conditions 
(rheumatoid arthritis and neoplastic diseases). This is a complex 
phenomenon that is absolutely required for the continued growth and 
survival of neoplasms.19,34

 

The progression and the metastasis of malignant tumours of the lung,  38

breast,  oesophagus  and the oral cavity. are known to be 40 10,15 5,13,16,20,28,36,41  

aided by angiogenesis.As described in melanomas, breast carcinomas  

and other malignant neoplasms, the fact is that tumors are angiogenesis 
dependant and metastatic cells are only shed after tumor establishes its 
microcirculation.12

It has been proposed that Angiogenesis is a central process in many 
human malignancies and being regulated by a balance between 
angiogenic stimulators and inhibitors.18

 

The “angiogenic switch” depends on net balance of positive and 
negative angiogenic factors in the tumor. Thus, the angiogenic 
phenotype may result from the production of growth factors, such as 
FGF-2 and VGEF, by the tumor cells and/or the down-regulation of 
negative modulators in tissues with quiescent vasculature like TSP-1.24

 
Among the various host immune cells, the mast cells have been 
implicated in tumour progression because they promote 
angiogenesis.  5,10,13,16,20,28,36,37,41

 
Mast cells are normally present in small numbers in the connective 
tissue of all organs and more particularly in the dermal layer of skin 
(around blood vessels and nerves), of size ranging from 5 to 15 m in m
diameter and in histologic sections often appear ovoid, tadpole, or 
spindle shaped cells with cytoplasmic granules of 0.2 to 0.5 cm in size. 
 
Mast cells exert their inuence both locally and systemically by 
releasing a variety of potent mediators such as histamine, leukotrienes, 
and cytokines through degranulation. They cause neovascularization 
by releasing angiogenic mediators such as broblast growth factor 
(FGF), transforming growth factor-  (TGF), tumor necrosis factor-  b b
(TNF), and vascular endothelial growth factor (VEGF). These factors 
are also occurring in various pathological states and also in some 
benign and malignant tumors.23,32,35

 

To examine the relationship between the mast cell density and the 
histological grades of OSCC, we analyzed the mast cell density 
(MCD) in different grades of OSCC and compared it with that of the 
normal mucosa by using the 1% Toluidine blue stain as the mast cells 
stain metachromatically with Toluidine blue.33

Materials and methods:
Formalin-xed, parafn-embedded tissue specimens of 25 cases of 
OSCC (10 well differentiated OSCC, 10 moderately differentiated 
OSCC, and 4 poorly differentiated OSCC) were retrieved from the 
archives.
 
Six cases of normal gingival tissues were included in the study as 
controls. The relevant information regarding the clinical parameters 
was obtained from the records of the patients.
 
The cases which were diagnosed clinically and conrmed by 
histopathological means as squamous cell carcinoma alone were 
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included in the study. These cases were graded histologically into well 
differentiated, moderately differentiated and poorly differentiated 
squamous cell carcinomas. 
 
In brief, 5 m sections of formalin-xed, parafn blocks were μ
deparafnized with xylene and they were rehydrated with graded 
alcohols. The sections were stained with 1% Toluidine blue, mounted 
with DPX and observed under a microscope. The stained sections were 
studied for metachromasia, which was taken as a positive 
identication of the mast cells. Toluidine blue stains the mast cell 
granules metachromatically due to its reaction with sulphated 
mucopolysaccharides. Sections of neurobromas were used as the 32 

positive controls for the mast cells. 
 
The slides were studied under a light microscope. The mast cell 
granules stained brilliant red/purple and the background stained in 
different shades of blue.
 
For the determination of the Mast Cell Density (MSD), the stained 
sections were screened at low power (10X) to identify the areas of the 
hot spots. A mast cell count was performed at the high power (40X) 
magnication in three randomly chosen elds in the hot spot areas. The 
mast cell count was expressed as the number of mast cells per high 
power eld. The average gures which were obtained in the counted 
hot spot elds were considered as MCD for a given case. All the counts 
were performed by a single investigator who had the knowledge of the 
clinical or the histopathological variables, to eliminate an 
interobserver variation.

Figure.1
Toluidine blue stained normal gingival tissue section under 40X 
magnification showing mast cells

Figure.2
Toluidine blue stained section of WDSCC under 40X 
magnification showing more number of mast cells

Figure.3
Toluidine blue stained section of MDSCC under 40X 
magnification showing mast cells

Figure.4
Toluidine blue stained section of PDSCC under 40X magnification 
showing less number of mast cells

Results:
Mean value of Mast Cell Density (MCD) were studied (Table 2). MCD 
among various grades of OSCC with and without controls studied 
(Table 3 & 4) using ANOVA. Comparison of MCD between any Two 
Grades of Oral Squamous Cell Carcinoma including Normal Tissue 
studied using Student's-t test (Table 5). 

Table. 1
Distribution of Cases by Histopathological Grading of OSCC and 
Normal Tissue.

Table.2
MCD in Different Histopathological Grades of OSCC and 
controls.

Table.3
Comparison of between Different Grades of Oral Squamous Cell 
Carcinoma (not including controls)

Table .4
Comparison of MCD between Different Grades of Oral Squamous 
Cell Carcinoma (including controls)

Table.5
Comparison of MCD between any Two Grades of Oral Squamous 
Cell Carcinoma (including controls)

Figure.9
Bar diagram representing Mast Cell Density in normal and 
different  grades of OSCC

Discussion:
Mast cell was discovered by Paul Ehrlich in 1877 as a granular cell of 

Histopathological Diagnosis No. of Cases

Normal 6

Well differentiated squamous cell carcinoma 10

Moderately differentiated squamous cell carcinoma 10

Poorly differentiated squamous cell carcinoma 4

Total 30

Histopathological Diagnosis
Mast Cell Density

 (Mean±SD)
Normal 10.83 ± 4.63

Well differentiated SCC 19.19 ± 10.89
Moderately differentiated SCC 4.45 ± 3.16

Poorly differentiated SCC 2.81 ± 1.74

WDSCC MDSCC PDSCC F value p Value
(N = 10) (N = 10) (N = 4)

Mean ± SD Mean ± SD Mea ± SD
19.19 ± 10.89 4.45 ± 3.16 2.81 ± 1.74 12.21 < 0.01

Normal WDSCC MDSCC PDSCC F  
value

p  
Value(N = 6) (N = 10) (N = 10) (N = 4)

Mean ± SD Mean ± SD Mean ± SD Mean ± SD
10.83 ± 4.63 19.19 ± 10.89 4.45 ± 3.16 2.81 ± 1.74 9.24 < 0.01

Normal WDSCC MDSCC PDSCC F  
value

p  
Value(N = 6) (N = 10) (N = 10) (N = 4)

Mean ± SD Mean ± SD Mean ± SD Mean ± SD
10.83 ± 4.63 19.19 ± 10.89 -1.77 Ns
10.83 ± 4.63 4.45 ± 3.16 3.29 < 0.01
10.83 ± 4.63 2.81 ± 1.74 3.26 < 0.05

19.19 ± 10.89 4.45 ± 3.16 4.11 < 0.01
19.19 ± 10.89 2.81 ± 1.74 2.92 < 0.05

4.45 ± 3.16 2.81 ± 1.74 0.96 Ns
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loose connective tissue and he named it as “Mastzellen”— a well fed 
cell. Studies on these cells have shown them to be complex, 
multifunctional and well-engineered cells playing an essential role in 
acquired and innate immunity. They take origin from multipotent CD 
34+ precursor in the bone marrow, later circulate in the peripheral 
blood as agranular monocytic cell, and then migrate into tissues, 
assuming their typical granular morphology from their immature state. 
They are being normally distributed throughout the connective tissue, 
adjacent to blood or lymphatic vessels, and also near or within 
peripheral nerves. They are more in number especially beneath the 
epithelial surfaces of the skin, in the respiratory system, 
gastrointestinal and genitourinary tracts. Many of the mediators are 
stored within cytoplasmic granules of mast cells. They include 
preformed mediators like histamine, heparin, and tryptase; lipid 
derived mediators like leukotriene's B4 (LTB4), LTC4, LTD4, and 
LTE4; proinammatory cytokines like TNF-�, IL-1; mitogenic 
cytokines like IL-3, IL-5; and immunomodulatory cytokines like IL-4, 
IL-10, and serotonin and other mediators are produced at the time of 

1,17mast cell stimulation such as IL-1.
  
Mast cells have been considered the tissue equivalent of the circulating 
basophils though they arise from a common precursor cell in the bone 
marrow. But there is no evidence that mature basophils are able to 
differentiate into mast cells. The two cell types are readily 
distinguished by their morphology on light microscopy and the 
presence of chloroacetate esterase activity in mast cells. They have 
been studied in normal gingiva, chronic inammatory gingivitis, 
desquamative gingivitis, lichen planus, oral submucous brosis 
(OSMF), and OSCC. They exhibit phenotypic plasticity and variation 
in the mast cell mediators with the change in the microenvironment. 
Studies have shown that in some malignancies, large numbers of mast 

21,35cells were detected before the occurrence of neovascularisation.
 
A sustained tumour growth requires a positive balance between the 
tumour cell proliferation and cell death or apoptosis. Experimental 
animal model have shown that the initiation of angiogenesis appeared 
following a decrease in the tumour cell apoptosis, while the levels of 
the tumour cell proliferation remained constant, thus leading to the net 

20tumour growth.  The preinvasive malignant cells are known to remain 
dormant until they become angiogenic, and this is followed by a rapid 

22,30phase of tumour growth.
 
A solid tumour growth is dependent upon an adequate blood supply 
which is achieved by the generation of stroma where the formation of 
capillaries is a central event and it is also gives an entry site for the 
immune inammatory cells. In other words, in a particular tumour, the 
number of the micro vessels and the mast cells could be related to the 
amount of the stromal component. Due to this reason, the variations in 
the amount of stroma and the tumour cells may inuence the average 

38number of the mast cells.
 
The mast cell density in a tissue was studied by using histochemical 

10 38stains like toluidine blue  and alcian blue  and immuno 
14histochemically  by using mast cell tryptase, heparin, chymase, and 

33carboxypeptidase A. Sudhakar R et al.  found an inverse relationship 
between the mast cells and their vascularity and inammation, in oral 
inammatory lesions. 
 
In the present study, the correlation between MCD and the progression 
of oral squamous cell carcinoma from well differentiated to poorly 
differentiated revealed a linear decrease in the MCD, thus suggesting a 
negative correlation between them. However, if the presence of the 
mast cells was the key factor in the angiogenesis, there would have 
been an exponential increase rather than a decrease, thus indirectly 
suggesting the role of other factors that could have modulated the 
angiogenesis.
 
In the present study, Mast cell Density (MCD) among various grades of 
OSCC with and without controls was studied using ANOVA which 
revealed highly signicant difference (P < 0.01) in MCD. Student's 't' 
test revealed highly statistically signicant difference (P < 0.01) in 
MCD between controls and MDOSCC and between WDOSCC and 
MDOSCC. A signicant ( P < 0.05) difference in MCD between 
controls and PDOSCC and between WDOSCC and PDOSCC. No 
statistical differences (P > 0.05) were found in MCD between controls 
and WDOSCC and between MDOSCC and PDOSCC. 
 
In carcinogenesis, angiogenic regulation is biphasic. In the early 

premalignant phase of hyperplasia and dysplasia, inltrating mast cells 
degranulate and activate dermal broblasts which intensify 
angiogenesis. They also activate progelatinase B (a member of the 
matrix metalloproteinase (MMP) family) which is involved in both 

7 39extracellular remodeling  and regulation of angiogenesis.
 
By releasing sequestered angiogenic activators the mast cells activate 
and progressively intensify angiogenesis. As neoplastic progression 
proceeds, angiogenic growth factor gene expression is upregulated in 
the cancer cells, giving progression to the second cancer phase, 
wherein the tumor cells control their angiogenic phenotype directly 
instead of depending on the inammatory cells to indirectly affect 

9,8,25,29,27neovascularisation.
 
This implies that mast cells have signicant role in the early stages of 
cancer progression and increase in mast cells is observed in the initial 
stages whereas, in second cancer phase, the mast cells decrease 
because the tumor cells are not dependent on them anymore for the 
neovascularization effect and this could be the reason for the decrease 
in the mast cells in moderate when compared to well-differentiated 
OSCC in our study and also might be due to interobserver 
mystication in classifying the well and moderate differentiated forms 
of OSCC when compared to poorly differentiated.
 
The progressive depletion of the mast cells in the present study from 
well and moderately differentiated OSCC to poorly differentiated 
OSCC, could be probably because the mast cells may have been 
degranulated as the disease progressed. The lack of mast cell granules 
in the advanced disease states may have resulted in the negative 
staining with Toluidine blue. The ultra structural observation of the 
mast cells in different stages of degranulation and their progressive 
reduction and disappearance in the advanced states were substantiated 

26 6by Rajendran R et al.  in OSMF and by Clamon N H et al., in GVHD.
 

2The outcome of present study is in accordance with Anuradha A et al.  
who found that a remarkable increase in mast cell count in well 
differentiated OSCC than normal tissue and a decrease in mast cell 
count in both moderately and poorly differentiated OSCC.
 

 8Our results were in concordance with those of Coussens LM et al.  who 
studied on role of the mast cells during squamous epithelial 
carcinogenesis in a mouse model. They observed that the stroma in 
poorly-differentiated carcinoma was devoid of mast cells. They have 
also suggested that the angiogenic regulation in squamous 
carcinogenesis was biphasic tumour growth pattern..

Conclusion:
This study reveals that there is a denitive increase in mast cells 
density in well differentiated squamous cell carcinoma when 
compared to normal mucosa substantiating their contributing role in 
tumor progression. Decrease in mast cells in poorly differentiated 
OSCC reects important modication in the microenvironment. 
 
Even though exact functional relevance is unclear, Evidences 
substantiate that mast cells may induce the tumour progression by 
providing mitogenic stimulation or angiogenesis. MCD may be used 
as an indicator of the progression by helping in delineating a risk 
population, which might benet from an attractive adjuvant 
therapeutic strategy for OSCC.

References:
1) Ankle MR, Alka DK and Nayak R. Mast cells are increased in leukoplakia, oral 

submucous brosis, oral lichen planus and oral squamous cell carcinoma. Journal of 
Oral and Maxillofacial Pathology, vol. 11, no. 1, pp. 18–22, 2007. 

2) Anuradha A, Naik KKB, Srinivas VG, Sabitha Devi R, Puneet HK. Incidence of Mast 
Cells in Oral Squamous Cell Carcinoma: A Short Study. Journal of Oncology, 
http://dx.doi.org/10.1155/2014/614291. 

3) Boring CC, Squires TS, Tong T, Montgomery S. Cancer statistics, 1994. CA Cancer J 
Clin. 1994;44:7- 2. Field JK. Oncogenes and tumour–suppressor genes in squamous cell 
carcinoma of the head and neck. Eur J Cancer B Oral Oncol.1992;28B:67-76.26. 

4) Brennan JA, Mao L, Hruban RH, Boyle JO, Eby YJ, Koch WM, et al. Molecular 
assessment of histopathological staging in squamous-cell carcinoma of the head and 
neck. N Engl J Med. 1995;332:429-35. 

5) Carlie J, Harada K, Baillie R, Macluskey M, Chisholm DM, Ogden GR, et al. Vascular 
endothelial growth factor (VEGF) expression in the oral tissues: the possible relevance 
in angiogenesis, tumor progression and eld cancerisation. J Oral Pathol Med. 
2001;30:449-57. 

6) Claman NH, Choi KL, Walter S, Watter AE. Mast cell disappearance in chronic murine 
GVHD - the ultra structural demonstration of the phantom mast cells. J Immunol. 1986; 
137:2009-1.

7) Coussens LM and Werb Z. Matrix metalloproteinases and the development of cancer. 
Chemistry and Biology, vol. 3, no. 11, pp. 895–904, 1996. 

8) Coussens LM, Raymond WW, Bergers G, Laig-Webster M, Behrendtsen O, Werb Z. 
Inammatory mast cells up-regulate the angiogenesis during squamous epithelial 

Volume - 7 | Issue - 6 | June - 2017 | 4.894ISSN - 2249-555X | IF :  | IC Value : 79.96

172  INDIAN JOURNAL OF APPLIED RESEARCH



carcinogenesis. Genes and Development. 1999; 13:1382-97. 
9) Elpek GO, Gelen T and Aksoy NH. The prognostic relevance of angiogenesis and mast 

cells in squamous cell carcinoma of the oesophagus. Journal of Clinical Pathology, vol. 
54, no. 12, pp. 940–944, 2001. 

10) Elpek GO, Gelen T, Akshoy NH, Erdogan A, Dertsiz L, Demircan A et al. The prognostic 
relevance of angiogenesis and the mast cells in squamous cell carcinoma of the 
esophagus. J Clin Pathol. 2001; 54; 940-44. 

11) Field JK. Oncogenes and tumour–suppressor genes in squamous cell carcinoma of the 
head and neck. Eur J Cancer B Oral Oncol.1992;28B:67-76.

12) Folkman J. Tumor angiogenesis: therapeutic implication. N Engl J Med. 
1971;285:1182-6. 

13) Iamaroon A, Pongsiriwet S, Jittidecharaks S, Pattanaporn K, Prapayasatok S, 
Wanachantararak S. The increase in the number of mast cells and the tumor angiogenesis 
in oral squamous cell carcinoma. J Oral Pathol Med. 2003;32:195-99. 

14) Iamaroon A, Pongsiriwet S, Jittidecharaks S, Pattanaporn K, Prapayasatok S, 
Wanachantararak S. The increase in the number of mast cells and the tumor angiogenesis 
in oral squamous cell carcinoma. J Oral Pathol Med. 2003; 32: 195-99. 

15) Igarashi M, Dhar DK, Kubota H, Yamamoto A, EL-Assal O, Nagsue N. The prognostic 
signicance of the micro vessel density and thymidine phosphorylase expression in 
squamous cell carcinoma of the esophagus. Cancer. 1998; 82:1225-32. 

16) Jin Y, Tipoe GL, White FH, Yang L. A quantitative investigation of the 
immunocytochemically stained blood vessels in normal, benign, premalignant and 
malignant human oral cheek epithelium. Virchow’s Arch. 1995;427:145-51. 

17) Kamal R, Dahiya P, Palaskar S and Shetty VP. Comparative analysis of mast cell count in 
normal oral mucosa and oral pyogenic granuloma. Journal of Clinical and Experimental 
Dentistry, vol. 3, no. 1, pp. e1–e4, 2011. 

18) Kim KJ, Li B, Winer J, Armanini M, Gillett N, Phillips HS. Inhibition of vascular 
endothelial growth factor-induced angiogen¬esis suppresses tumour growth in vivo. 
Nature. 1993;362:841-4. 

19) Lichtenbeld HH, van Dam-Mieras MC, Hillen HF. Tumour an¬giogenesis: 
pathophysiology and clinical signicance. Neth J Med. 1996;49:42-51.

20) Macluskey M, Chandrachud LM, Pazouki S, Green M, Chisholm DM, Ogden GR. 
Apoptosis, proliferation, and angiogenesis in the oral tissues: the possible relevance in 
the tumour progression. J Pathol. 2000;191:368-75. 

21) Mohtasham N, Babakoohi S, Nejad JS et al. Mast cell density and angiogenesis in oral 
dysplastic epithelium and low- and high-grade oral squamous cell carcinoma. Acta 
Odontologica Scandinavica, vol. 68, no. 5, pp. 300–304, 2010. 

22) Moriyama M, Kumagai S, Kawashiri S, Kojima K, Kakihara K, Yamamoto E. An 
immunohistochemical study on the tumor angiogenesis in oral squamous cell 
carcinoma. Oral Oncol.1997;33:369-74. 

23) Pansrikaew C, Cheewakriangkrai C, Taweevisit M, Khunamornpong S, and Siriaunkgul 
S. Correlation of mast cell density, tumor angiogenesis, and clinical outcomes in patients 
with endometrioid endometrial cancer. Asian Pacic Journal of Cancer Prevention, vol. 
11, no. 3, pp. 623–626, 2010. 

24) Pepper MS. Manipulating angiogenesis. From basic science to the bedside. Arterioscler 
Thromb Vasc Biol. 1997;17:605-19. 

25) Polverini PJ. The pathophysiology of angiogenesis. Critical Reviews in Oral Biology 
andMedicine, vol. 6, no. 3, pp. 230–247, 1995.

26) Rajenderan R, Radhakrishnan NS, Kartha C. Light and electron microscopic studies on 
oral sub mucous brosis. J Indian Dent Assoc.1993; 64:157-61. 

27) Rakesh S, Vidya M J R B, and Savithri VV. Analysis ofmast cell counts in oral 
leukoplakia. Oral & Maxillofacial Pathology Journal, vol. 3, no. 1, pp. 181–185, 2012. 

28) Ravi D, Ramadas K, Mathew BS, Nalinakumari KR, Mair MK, Pillai MR. The 
angiogenesis during tumor progression in the oral cavity is related to a reduced apoptosis 
and a high tumor cell proliferation. Oral Oncol. 1998;34:543-48. 

29) Ribatti D and Crivellato E. Chapter 4 the controversial role of mast cells in tumor 
growth. International Review of Cell and Molecular Biology, vol. 275, pp. 89–131, 
2009.

30) Shieh YS, Lee HS, Shiah SG, Chu YW, Wu CW, Chang LC. The role of angiogenic and 
non-angiogenic mechanisms in oral squamous cell carcinoma: correlation with the 
histologic differentiation and the tumor progression. J Oral Pathol Med. 2004;33:601-
06.

31) Smith ML, Fornace AJ Jr. Genomic instability and the role of p53 mutations in cancer 
cells.Curr Opin Oncol. 1995;7:69-75. 

32) Stone KD, Prussin C, and Metcalfe DD. IgE, mast cells, basophils, and eosinophils. 
Journal of Allergy and Clinical Immunology, vol. 125, no. 2, supplement 2, pp. 
S73–S80, 2010. 

33) Sudhakar R, Ramesh V, Balamurali PD, Nirima O, and Premalatha B, Karthikshree. 
Incidence of mast cells in oral inammatory lesions: a pilot study. Journal of Oral and 
Maxillofacial Pathology, vol. 9, no. 1, pp. 12–15, 2005. 

34) Tae K, El-Naggar AK, Yoo E, Feng L, Lee J, Hong WK, et al. Expression of the vascular 
endothelial growth factor and the micro vessel density in the head and neck 
tumorigenesis. Clin Cancer Res. 2000; 6:2821

35) Theoharides TC and Conti P.  Mast cells: the JEKYLL and HYDE of tumor growth. 
Trends in Immunology, vol. 25, no. 5, pp. 235–241, 2004. 

36) Tipoe GL, Jin Y, White FH. The relationship between the vascularity and the cell 
proliferation in human normal and pathological lesions of the oral cheek epithelium. 
Oral Oncol. 1996;32:24-31. 

37) Tomita M, Matsuzaki Y, Edagawa M, Shimizu T, Hara M, Sekiya R. Association of the 
mast cells with the tumor angiogenesis in esophageal squamous cell carcinoma. Dis 
Esophagus. 2001;14: 135-38. 

38) Tomita M, Matsuzaki Y, Onitsuka T. The effect of mast cells on the tumor angiogenesis 
in lung cancer. Ann Thorac Surg. 2000;69:1686-90. 

39) Vu TH, Shipley JM, Bergers G et al. MMP-9/gelatinase B is a key regulator of growth 
plate angiogenesis and apoptosis of hypetrophic chondrocytes. Cell, vol. 93, no. 3, pp. 
411–422, 1998. 

40) Weidner N, Semple JP, Welch WR, Folkman J. Tumor angiogenesis and metastasis – 
correlation in invasive breast carcinoma. N Engl J Med. 1991; 324:1-8. 

41) 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. 

Volume - 7 | Issue - 6 | June - 2017 | 4.894ISSN - 2249-555X | IF :  | IC Value : 79.96

 INDIAN JOURNAL OF APPLIED RESEARCH 173


	Page 1
	Page 2
	Page 3
	Page 4

