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Abstract 
Vascular endothelial growth factor (VEGF) is considered one of the main molecules involved in tumor angiogenesis and is largely 
expressed in oral squamous cell carcinoma (OSCC). His signal is transmitted intracellulary by binding with class III tyrosine kinase 
receptors, known as VEGF receptor family (VEGFRs). Therefore, we designed this study for quantification of VEGFR1 and VEGFR2 
immunohistochemical expression in the tumor cells of OSCC, and compare this expression with clinicopathologic parameters. 
For this purpose, 46 formalin-fixed, paraffin-embedded tissue blocks of OSCC were processed by immunohistochemistry. The 
immunohistochemical signal was assessed by estimating the area of the objects and the medium pixel intensity per object, as the 
integrated optical density (IOD). In our study, VEGFR1 staining intensity was significantly higher for tongue localization, while VEGFR2 
was higher for the lip. Both markers were higher expressed in the center of the tumor compared to the tumor front. Moderate differentiated 
tumors exert higher expression levels for VEGFR1 but lower for VEGFR2. pT1 tumors had higher VEGFR1 levels, and when lymph node 
involvement was present, this was accompanied by elevated expression levels for VEGFR2 and lower levels for VEGFR1. These results 
point to an inverse profile of these receptors in OSCC, suggesting their involvement in a sequential manner in VEGF signaling regulation. 
In conclusion, our study revealed that VEGFR1 and VEGFR2 correlate with tumor localization, tumoral area (front vs. center of the tumor), 
histological differentiation degree, and lymph node involvement, while only VEGFR1 correlated with pT stage. 
Keywords: VEGFR1, VEGFR2, immunohistochemistry, oral squamous cell carcinoma. 

 Introduction 

Oral squamous cell carcinoma (OSCC) is an 
important pathology of the upper digestive tract. Due to 
its high morbidity and mortality, it is considered an 
important threat to public health. It has been estimated 
over 484 000 new diagnosed cases of oral cancer in the 
world every year and approximately 261 000 deaths 
caused by this disease [1]. 

Angiogenesis is one of the most important factors in 
tumor progression and metastasizing potential of solid 
tumors. From a large series of cytokines that modulates 
the angiogenic process, VEGF is considered a major 
one. It exerts his function on vascular endothelial cells 
by binding with high affinity with class III tyrosine 
kinase receptors, known as VEGF receptors family. 

Many studies established that tumoral OSCC cells 
have the capacity to express VEGF [2–13]. Recently, 
there are several reports on VEGFR’s expression on 
tumor cells in squamous cell carcinoma of the oral 
cavity or head and neck (HNSCC) and in other 
malignancies [14–26]. Therefore, we designed this 
study for quantification of VEGFR1 and VEGFR2 
expression in the tumor cells of OSCC, hence 
evaluating the potential capacity of surviving and 

growth self-stimulation of tumor cells by means of 
VEGF receptors pathways. 

 Materials and Methods 

Patients and specimens 

This study included 46 cases of oral squamous cell 
carcinoma (OSCC) diagnosed between 2007 and 2010 
in the Pathology Department of Emergency County 
Hospital from Craiova. Patients underwent potentially 
curative surgery without prior therapy. Hematoxylin–
Eosin stained sections from these tumors were reviewed, 
best sections from each specimen were selected and 
corresponding archived formalin-fixed and paraffin 
embedded tissue blocks were retrieved for further 
analysis. The clinico-pathological characteristics of 
these cases were reviewed from patients’ records as 
summarized in Table 1. 

Table 1 – Distribution of casuistry 
Clinico-pathological characteristics No. of cases % 

Gender   
Male 27 58.69

Female 19 41.30
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Clinico-pathological characteristics No. of cases % 
Age [years]   

<50 7 15.21
>50 39 84.78

Localization   
Oral lip 17 36.95
Tongue 14 30.43

Oral floor 15 32.60
Histological differentiation   

Well-differentiated 15 32.60
Moderately differentiated 17 36.95

Poorly differentiated 14 30.43
Pathologic T-stage   

pT1 14 30.43
pT2 32 69.56

pN status   
No evidence 33 71.73

N≥1 13 28.26

OSCC tissue samples from surgical specimens 
included, as much as tumor size permitted, areas from 
both tumor invasion front and center of the tumor. 

Immunohistochemistry processing 
Four µm thick sections were deparaffinized in 

xylene, rehydrated through graded alcohol series, and 
subjected to immunohistochemistry using a monoclonal 
rabbit anti-human VEGFR1 antibody (ReliaTech) and  
a monoclonal rabbit anti-human VEGFR2 antibody 
(ReliaTech). Heat induced antigen retrieval was 
performed for 20 minutes at 750 W and 650 W (10 
minutes each) in Tris EDTA buffer at pH 9, followed by 
endogenous peroxidase blocking for 30 minutes with 
3% hydrogen peroxide in PBS. The unspecific antibody 
binding sites were then blocked by incubating slides 
with 8% BSA in PBS for one hour in humid chambers. 
The tissues were then incubated over night at 40C with 
the primary antibodies diluted as 1:500 for VEGFR1 
and also for VEGFR2. An ABC detection system was 
utilized for signal development (Vector Elite, Vector 
Laboratories) and positive reaction was visualized with 
3,3’-diaminobenzidine (DAB) chromogen substrate 
solution (Vector Laboratories). Negative controls were 
processed by incubating slides with 2% BSA in PBS 
and omitting the primary antibodies. 

Immunohistochemical evaluation 

The immunohistochemical positive reactions were 
assessed in normal tissue surrounding the tumor (e.g. 
the oral epithelium, salivary glands, muscle and nerve 
fibers, blood vessels), in tumoral areas from the centre 
of the tumor and tumor invasion front, in tumoral 
vessels and in the cellular infiltrate surrounding the 
tumor. 

Image acquisition and analysis 

The sections were imaged with a Nikon Eclipse 55i 
microscope equipped with a Nikon DS-5M camera, 
using Image-Pro Plus acquisition software. 10×, 20× 
and 40× images were acquired and processed in TIFF 
format. 

The staining of the reactions in the tumor cells in the 

centre of the tumor and tumor invasion front were 
quantified as IOD, by estimating the area of the objects 
and medium pixel intensity per object, by means of 
Image-Pro Plus software (Media Cybernetics). Briefly, 
first it was defined a color mask that corresponded to 
the immunohistochemical signal. The signal mask was 
then applied for each capture imported in the software 
for IOD measurements to be processed (see Figure 1 for 
exemplification). For a better representativeness in the 
expression levels assessment, a number of 40 images 
were acquired for each slide and then subjected to 
densitometric measurements. 

 
Figure 1 – Brief exemplification of method utilized 
for IOD measurements. In A it was applied the color 
mask that corresponded to the immunohistochemical 
signal. For each object defined by the signal mask 
(B) the software processed calculations (area of the 
objects and the medium pixel intensity per object), 
and generated data for further analysis. 

Statistical analysis 

Data were exported in Excel (Microsoft Corporation) 
for analysis. Values were expressed as average ± 
standard error of means (SE). Paired Student t-test was 
used for comparing values between different groups.  
P-values <0.05 of Pearson’s correlation test were 
considered statistically significant. 

 Results 

This study comprised 19 females and 27 males 
(1.42:1 male to female ratio), with a mean age of 64.5 
years (range: 42 to 84 years). Seven patients were <50 
years (15.21%). Lip localization (36.95%) and moderate 
differentiated tumors (36.95%) were predominant. The 
majority of cases were seen in pT2 (69.56%) and pN0 
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(71.73%). Tumor localization, histological grading,  
T-stage, and pathologic N-stage distributions are 
summarized in Table 1. 

In normal tissue, both VEGFR1 and VEGFR2 
showed positive staining in canalicular epithelium of 
salivary glands, hair follicles and attached sebaceous 
glands, and striated muscle fibers. Vascular endothelial 
cells were VEGFR1 and VEGFR2 positive in normal 
tissue and in tumor, although the signal was rather weak 
in such cells. 

Scattered VEGFR1 positive cells were observed  
in tumoral stroma and cellular infiltrate adjacent to 
tumor invasion front in all examined specimens. 
Morphologically, they resembled fibroblasts and macro-
phages, but neutrophils were also stained. Also, both 

VEGFR1 and VEGFR2 were detected on tumor cells, 
showing a mixed, membranous and cytoplasmic staining 
(Figures 2 and 3). In tumoral islets, the pattern of staining 
was central, with increasing in intensity from basal type 
tumor cells in the periphery to superficial type more 
differentiated tumor cells in the center of the tumoral 
islets. However, this pattern was noted in well-
differentiated tumors and partially in moderately 
differentiated tumors, poorly differentiated tumors 
showing more homogenous stain throughout the tumor, 
lacking the periphery-to-center disparity, and tending to 
exhibit cytoplasmic expression instead of membranary. 
The staining intensity in tumor cells often exceeded 
VECs signal (not measured by IOD). 
 

 
Figure 2 – VEGFR1 immunostaining of OSCC in the lower lip (well-differentiated – A, and moderate differentiated – 
B), tongue (moderate differentiated – C, and poor differentiated – D), and oral floor (moderate differentiated – E, and 
poor differentiated – F), ob. ×20. 



A. C. Stîngă et al. 

 

1272 

 
Figure 3 – VEGFR2 immunostaining of OSCC in the lower lip (well-differentiated – A), tongue (moderate 
differentiated – B), and oral floor (poor differentiated – C). Detail of tumor cells and blood vessels stained for 
VEGFR2 (D), ob. ×20 from A to C, ×40 for D. 

VEGFR1 and VEGFR2 expression varied with tumor 
localization. Thus, VEGFR1 showed higher intensity  
in tongue localization compared to lip and oral floor 
(p<0.001), but with no statistically significant difference 
between lip and oral floor (Figure 4A), while VEGFR2 

had higher intensity in the lip localization (p<0.001), 
followed by tongue and oral floor tumors, with no 
statistically significant difference between the last two 
(Figure 4B). 

 
Figure 4 – Values expressed as average ± standard error of means (SE) of IOD data series for VEGFR1 (A to E) and 
VEGFR2 (F to J) represented comparatively for tumor localization (A, F), front and center of the tumor (B, G), tumor 
differentiation degree (C, H), pT stage (D, I), and pN stage (E, J). 
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For both VEGFR1 (Figure 4A) and VEGFR2 
(Figure 4F) the staining quantification showed higher 
IOD values in tumor center in comparison with tumor 
front, with a more obvious difference of staining 
intensity between tumor front and center for VEGFR2 
(p<0.001). 

The receptors expression varied with tumor 
differentiation degree. Moderate differentiated tumors 
showed higher expression for VEGFR1 than well 
differentiated (p<0.001) and poor differentiated tumors 
(p<0.001) (Figure 4C). For VEGFR2, instead, moderate 
differentiated tumors showed a lower expression than 
well (p<0.001) and poor (p<0.001) differentiated tumors 
(Figure 4H). Well-differentiated tumors had higher 
expression levels for VEGFR2 than poor differentiated 
tumors (p=0.007) (Figure 4H), but no statistically 
significant differences were noted between those two 
groups for VEGFR1 (p=0.19) (Figure 4C). 

VEGFR1 expression correlated positively with 
higher pT stage (p<0.001) (Figure 4D), but for VEGFR2, 
although pT2 tumors had higher expression than pT1, 
the correlation was not statistically significant (p=0.28) 
(Figure 4I). VEGFR2 expression was higher in cases 
with confirmed lymph nodes involvement (p<0.001) 
(Figure 4J) while VEGFR1 expression was elevated 
when lymph nodes were not affected (p<0.001) 
(Figure 4E). 

 Discussion 

It has unanimously been accepted that angiogenesis 
is a crucial event in tumor progression. In the course of 
solid tumors development, a critical group of its cell 
population switch to angiogenic phenotype achieved 
once they modify the balance between pro-angiogenic 
and anti-angiogenic factors by gaining the ability to 
release specific growth factors for endothelial cells. 
Increasing production of such molecules induces new 
blood vessels formation from the pre-existent host’s 
vascular network, and thus facilitates tumor growth, 
invasion and metastasis. 

It has been showed in our previous work as in other 
studies that VEGF is overexpressed in oral or in head 
and neck squamous cell carcinoma microenviroment [2–
13], by the vascular endothelial cells and additionally  
by other stromal recruited host cells and by the tumor 
cells themselves. There are also published a few results 
revealing the expression of VEGFR1 and VEGFR2 by 
the tumor cells, additionally to VECs in various tumors 
and in HNSCC or OSCC [23–26]. Thus, it has been 
suggested an autocrine and/or paracrine mechanism 
involved in tumor cell stimulation. Therefore, we 
proposed to quantify VEGFR1 and VEGFR2 immuno-
histochemical expression on tumor cells in OSCC and  
to assess whether or how these levels vary depending  
on easily valuable by routine procedures clinical or 
pathological parameters, which may suggest an 
important impact on patient’s outcome. 

VEGFR1 and VEGFR2 were identified on normal 
structures, such as canalicular epithelium of salivary 
glands, hair follicles, sebaceous glands, and striated 
muscle fibers. 

Vascular endothelial cells showed a rather weak 
staining for both receptors, while intense staining was 
observed on tumor associated inflammatory infiltrate. 
We noted positive immunohistochemical reaction  
for VEGFR1 and VEGFR2 in tumor cells with both 
membranary and cytoplasmic expression. Similarly, 
other authors reported positive staining of VEGFR1 and 
VEGFR2 on tumor cells of HNSCC, often exceeding in 
intensity those of vascular endothelial cells [24, 25]. On 
the contrary, other authors did not find expression on 
tumor cells of OSCC, VEGFR2 staining being confined 
to isolated cells in the stroma [26]. This discrepancy 
might be due to differences between primary antibodies 
(clones and/or producers), targeting different epitopes. 
The presence of the receptors on OSCC tumor cells 
suggests they are involved in an autocrine regulatory 
loop centered by VEGF, as other authors suggested in 
previous works [24, 25]. Both VEGFR1 and VEGFR2 
showed a higher expression in the center of the tumor 
when compared with the invasion front. Referring to the 
previous observation, this increased amount of receptors 
in the center of the tumor can be regarded as an adaptive 
response of the tumor to lower perfusion in this area and 
consequently to a relatively lower oxygenation, facilita-
ting an increased stimulation via VEGF. 

Although there are scarce data in the literature 
analyzing the correlations between VEGF receptors and 
clinical and pathological characteristics such as tumor 
site, grade, or stage in OSCC, our study demonstrate 
variations with such parameters. Kyzas PA et al. [24] 
demonstrated that VEGFR2 expression correlated with 
site and clinical stage of HNSCC, while VEGFR1 
correlated with tumor site. In our study, VEGFR1 
showed higher expression in tumors of the lip, while 
VEGFR2 was higher in tumors located in tongue. 

We found a peculiar correlation of IOD values  
for VEGFR1 with tumor histological differentiation, 
indicating higher expression levels for moderate 
differentiated carcinomas compared with well and poor 
differentiated ones. On contrary, VEGFR2 expression 
was lower in moderate differentiated tumors, but 
showed higher levels in well-differentiated tumors. 
Sato H and Takeda Y showed VEGFR2 was higher in 
poor differentiated than in well differentiated OSCC, 
but their method was based on positive cells count 
rather than signal intensity interpretation [26]. Other 
authors found no correlation with tumor differentiation 
degree [24, 25]. 

The expression profile between the two markers 
varied additionally for the next parameters taken into 
account, namely tumor size (pT stage) and presence or 
absence of lymph node involvement (pN stage). Hence, 
VEGFR1 was higher in pT2 than pT1 tumors, while 
VEGFR2 showed inconsistent differences with pT 
stage, probably due to limited casuistry. Lymph node 
involvement positive tumors showed lower expression 
of VEGFR1, but higher expression for VEGFR2.  
The reason for this inverse expression profile of  
VEGF receptors in tumor cells is uncertain, but may be 
due to different manners and timing of modulation 
mechanisms on cell growth. This explanation is 
supported by other studies that reported inverse 
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expression and reciprocal regulation of VEGFR1 and 
VEGFR2 [14, 27]. 

Our result showed that VEGFR1 and VEGFR2 had 
higher expression in tumor cells compared with tumor 
associated blood vessels endothelial cells. This finding 
was similar to other results (daf, dag), while other 
authors showed OSCC tumors strongly express the 
receptors in endothelial cells and weaker in tumor cells 
(dad). However, the presence of such growth factors on 
vascular endothelial cells comes into support of their 
susceptibility to the specific growth factor (VEGF) 
released by tumor cells, by recruited host cells in tumor 
associated stroma and by themselves. Knowing that 
VEGF is present in tumor microenvironment of OSCC, 
vascular endothelial cells are, thereby, susceptible to 
paracrine and autocrine stimuli for angiogenesis. 

 Conclusions 

Our study indicates that VEGFR1 and VEGFR2 are 
expressed in OSCC tumor cells, with higher expression 
of these receptors in the center of the tumor, and 
correlations with pathologic parameters such as 
localization, grade, and stage. The results point to an 
inverse profile of these receptors in OSCC, suggesting 
their involvement in a sequential manner in VEGF 
signaling regulation. These data suggest that VEGFR1 
and VEGFR2 signaling may not only mediate neo-
vascularization associated with tumor progression but 
may also contribute to directly stimulation and regulation 
of oral carcinoma cells by autocrine and/or paracrine 
mechanisms. 

Acknowledgments 
This work was partially supported by the Romanian 

National University Research Council (CNCSIS), 
Ministry of Education and Research, project frame 
PNII–Idei, no. 257/01.10.2007 and by the Social 
European Fund through Human Resources Development 
Sectorial Operational Program 2007–2013. 

References 
[1] Ferlay J, Bray F, Pisani P, Parkin DM, GLOBOCAN 2002: 

Cancer incidence, mortality and prevalence worldwide, 
IARC Cancer Base No. 5, Version 2.0, IARC Press, Lyon, 
2004, http://www-dep.iarc.fr/. 

[2] Li C, Shintani S, Terakado N, Klosek SK, Ishikawa T, 
Nakashiro K, Hamakawa H, Microvessel density and 
expression of vascular endothelial growth factor, basic 
fibroblast growth factor, and platelet-derived endothelial 
growth factor in oral squamous cell carcinomas, Int J Oral 
Maxillofac Surg, 2005, 34(5):559–565. 

[3] Johnstone S, Logan RM, Expression of vascular endothelial 
growth factor (VEGF) in normal oral mucosa, oral dysplasia 
and oral squamous cell carcinoma, Int J Oral Maxillofac 
Surg, 2007, 36(3):263–266. 

[4] Arora S, Kaur J, Sharma C, Mathur M, Bahadur S,  
Shukla NK, Deo SV, Ralhan R, Stromelysin 3, Ets-1, and 
vascular endothelial growth factor expression in oral 
precancerous and cancerous lesions: correlation with 
microvessel density, progression, and prognosis, Clin 
Cancer Res, 2005, 11(6):2272–2284. 

[5] Joo YH, Jung CK, Kim MS, Sun DI, Relationship between 
vascular endothelial growth factor and Notch1 expression 
and lymphatic metastasis in tongue cancer, Otolaryngol 
Head Neck Surg, 2009, 140(4):512–518. 

[6] Kim SH, Cho NH, Kim K, Lee JS, Koo BS, Kim JH,  
Chang JH, Choi EC, Correlations of oral tongue cancer 
invasion with matrix metalloproteinases (MMPs) and vascular 
endothelial growth factor (VEGF) expression, J Surg Oncol, 
2006, 93(4):330–337. 

[7] Kyzas PA, Stefanou D, Agnantis NJ, Immunohistochemical 
expression of vascular endothelial growth factor correlates 
with positive surgical margins and recurrence in T1 and T2 
squamous cell carcinoma (SCC) of the lower lip, Oral Oncol, 
2004, 40(9):941–947. 

[8] Maeda T, Matsumura S, Hiranuma H, Jikko A, Furukawa S, 
Ishida T, Fuchihata H, Expression of vascular endothelial 
growth factor in human oral squamous cell carcinoma: its 
association with tumour progression and p53 gene status,  
J Clin Pathol, 1998, 51(10):771–775. 

[9] Shang ZJ, Li JR, Expression of endothelial nitric oxide 
synthase and vascular endothelial growth factor in oral 
squamous cell carcinoma: its correlation with angiogenesis 
and disease progression, J Oral Pathol Med, 2005, 
34(3):134–139. 

[10] Shintani S, Li C, Ishikawa T, Mihara M, Nakashiro K, 
Hamakawa H, Expression of vascular endothelial growth 
factor A, B, C, and D in oral squamous cell carcinoma, Oral 
Oncol, 2004, 40(1):13–20. 

[11] Smith BD, Smith GL, Carter D, Sasaki CT, Haffty BG, 
Prognostic significance of vascular endothelial growth factor 
protein levels in oral and oropharyngeal squamous cell 
carcinoma, J Clin Oncol, 2000, 18(10):2046–2052. 

[12] Mărgăritescu C, Pirici D, Stîngă A, Simionescu C, Raica M, 
Mogoantă L, Stepan A, Ribatti D, VEGF expression and 
angiogenesis in oral squamous cell carcinoma: an immuno-
histochemical and morphometric study, Clin Exp Med, 
2010, 10(4):209–214. 

[13] Uehara M, Sano K, Ikeda H, Sekine J, Irie A, Yokota T, 
Tobita T, Ohba S, Inokuchi T, Expression of vascular 
endothelial growth factor and prognosis of oral squamous 
cell carcinoma, Oral Oncol, 2004, 40(3):321–325. 

[14] Jackson MW, Roberts JS, Heckford SE, Ricciardelli C, 
Stahl J, Choong C, Horsfall DJ, Tilley WD, A potential 
autocrine role for vascular endothelial growth factor in 
prostate cancer, Cancer Res, 2002, 62(3):854–859. 

[15] Tsuchiya N, Sato K, Akao T, Kakinuma H, Sasaki R, 
Shimoda N, Satoh S, Habuchi T, Ogawa O, Kato T, 
Quantitative analysis of gene expressions of vascular 
endothelial growth factor-related factors and their receptors 
in renal cell carcinoma, Tohoku J Exp Med, 2001, 
195(2):101–113. 

[16] Zhang H, Wu J, Meng L, Shou CC, Expression of vascular 
endothelial growth factor and its receptors KDR and Flt-1 in 
gastric cancer cells, World J Gastroenterol, 2002, 8(6):994–
998. 

[17] Kato H, Yoshikawa M, Miyazaki T, Nakajima M, Fukai Y, 
Masuda N, Fukuchi M, Manda R, Tsukada K, Kuwano H, 
Expression of vascular endothelial growth factor (VEGF) 
and its receptors (Flt-1 and Flk-1) in esophageal squamous 
cell carcinoma, Anticancer Res, 2002, 22(6C):3977–3984. 

[18] Talvensaari-Mattila A, Soini Y, Santala M, VEGF and its 
receptors (flt-1 and KDR/flk-1) as prognostic indicators in 
endometrial carcinoma, Tumour Biol, 2005, 26(2):81–87. 

[19] Wu Y, Hooper AT, Zhong Z, Witte L, Bohlen P, Rafii S, 
Hicklin DJ, The vascular endothelial growth factor receptor 
(VEGFR-1) supports growth and survival of human breast 
carcinoma, Int J Cancer, 2006, 119(7):1519–1529. 

[20] Chung GG, Yoon HH, Zerkowski MP, Ghosh S, Thomas L, 
Harigopal M, Charette LA, Salem RR, Camp RL, Rimm DL, 
Burtness BA, Vascular endothelial growth factor, FLT-1, 
and FLK-1 analysis in a pancreatic cancer tissue microarray, 
Cancer, 2006, 106(8):1677–1684. 

[21] Boocock CA, Charnock-Jones DS, Sharkey AM, McLaren J, 
Barker PJ, Wright KA, Twentyman PR, Smith SK, Expression 
of vascular endothelial growth factor and its receptors flt 
and KDR in ovarian carcinoma, J Natl Cancer Inst, 1995, 
87(7):506–516. 

[22] Dales JP, Garcia S, Bonnier P, Duffaud F, Carpentier S, 
Djemli A, Ramuz O, Andrac L, Lavaut M, Allasia C,  
Charpin C, Prognostic significance of VEGF receptors, 
VEGFR-1 (Flt-1) and VEGFR-2 (KDR/Flk-1) in breast 
carcinoma, Ann Pathol, 2003, 23(4):297–305. 



VEGFR1 and VEGFR2 immunohistochemical expression in oral squamous cell carcinoma: a morphometric study 

 

1275
[23] Neuchrist C, Erovic BM, Handisurya A, Steiner GE, 

Rockwell P, Gedlicka C, Burian M, Vascular endothelial 
growth factor receptor 2 (VEGFR2) expression in squamous 
cell carcinomas of the head and neck, Laryngoscope, 2001, 
111(10):1834–1841. 

[24] Kyzas PA, Stefanou D, Batistatou A, Agnantis NJ, Potential 
autocrine function of vascular endothelial growth factor in 
head and neck cancer via vascular endothelial growth 
factor receptor-2, Mod Pathol, 2005, 18(4):485–494. 

[25] Lalla RV, Boisoneau DS, Spiro JD, Kreutzer DL, Expression 
of vascular endothelial growth factor receptors on tumor 
cells in head and neck squamous cell carcinoma, Arch 
Otolaryngol Head Neck Surg, 2003, 129(8):882–888. 

[26] Sato H, Takeda Y, VEGFR2 expression and relationship 
between tumor neovascularization and histologic characte-
ristics in oral squamous cell carcinoma, J Oral Sci, 2009, 
51(4):551–557. 

[27] Zhang Z, Neiva KG, Lingen MW, Ellis LM, Nör JE, VEGF-
dependent tumor angiogenesis requires inverse and 
reciprocal regulation of VEGFR1 and VEGFR2, Cell Death 
Differ, 2010, 17(3):499–512. 
 
 
 
 

 
 
 
 
 
 
Corresponding author 
Alin Constantin Stîngă, MD, PhD student, Department of Cell Biology, Faculty of Medicine, University of Medicine 
and Pharmacy of Craiova, 2–4 Petru Rareş Street, 200349 Craiova, Romania; Phone +40727–320 128, e-mail: 
alinstinga_con@yahoo.com 
 
 
 
 
 
 
Received: August 10th, 2011 

Accepted: November 17th, 2011 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


