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Abstract

Introduction: Abnormal angiogenesis is described in tumor growth and it facilitates
its metastatic spread. Tumors with high angiogenic activity belong to the category of aggressive
tumors with a poor prognosis for patients.

The aim of this study was to determine neovascularization at the invasive front of the
tumor stroma in skin squamous cell carcinoma (SCC) in relation to the healthy skin and the
ratio of blood vessel density in the skin SCC with a different depth of invasion and different
degree of histological differentiation.

Materials and methods: The material consisted of surgical specimens obtained from
30 patients with skin SCC, who underwent surgery at the University Clinic for Plastic and
Reconstructive Surgery and University Clinic for Maxillofacial Surgery. Samples were analyzed
by standard paraffin technique stained by hematoxylin-eosin and immunohistochemically
with antibodies against smooth muscle actin (SMA) and CD34.

Results: The difference found in the neovascularization density in neoplasms with
different degree of differentiation (G1, G2, G3) was statistically significant. The differences
in the depth of stromal invasion in skin SCC registered in neoplasms with different degree of
histological differentiation (G) showed a statistical significance for G1, G2, G3. The density
of neovascularization in skin SCC was in a positive correlation with the depth of invasion.

Conclusion: The increased vascularization at the invasive front of a neoplasm in SCC
with deeper invasion and higher grade has pointed out to its possible role in neoplasm progression.
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Introduction

Angiogenesis or neovascularization is a process of forming new blood vessels from
preexisting capillaries. The blood vessels in the human skin are usually passive, but
neovascularization is noticed in follicular angiogenesis that takes place in the separate phases
of the follicle cyclell.

The connective tissue located under the epidermis, in the dermal papillae, in healthy
human skin lies under the basement membrane and inhibits the angiogenesis that keeps the
blood vessels passive. New data of vascular biology put in place key factors that are in
control of the vascular growth and are incorporated in the hypothesis encouraging the fact
that there is vascular inactivity in normal tissues due to the potent influence of endogenous
angiogenic inhibitors in despite of the angiogenic stimulators.
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Vascularization is managed by the potent influence of the principal physiologic inhibitors
of the skin angiogenesis, the endogens thrombospondin-1 (THSP-1) and thrombospondin-2 (TSP
-2). They are part of the matrix glycoproteins family and are kept in the basement membrane
by which they represent the angiogenic barrier segregating avascular epidermis from vascular
dermis. These inhibitors along with angiostatin, vasostatin, endostatin and interleukin 12 (IL-
12) are known as inhibitors of tumor angiogenesis and tumor growth in vivo[?2l,

Dominant pro-angiogenic factors in the skin angiogenesis are: vascular endothelial
growth factor (VEGF-A), basic fibroblast growth factor (bFGF-2) and interleukin-8 (IL-8).
VEGF-A is the leading angiogenic growth factor. VEGF-A is tethered to two types of
tyrosine receptors VEGFR-1 and VEGFR-2 that are present in vascular endothelial cells.
VEGF-A is produced by tumor cells and impact the releasing of matrix metalloproteinases
(MMPs) from endothelial cells. The released MMP-2 and MMP-9 deteriorate the extracellular
matrix (ECM) charting invasive passage of endothelial cells in the neighboring tissue. MMPs
also dissolve ECM which leads to releasing new concentrations of bFGF-2 and VEGF-
AlL14221 1 case of disturbed equilibrium, when the production of angiogenic stimulators is
increased and the regulation of endogenous angiogenic inhibitors is lowered, the risk for
tumor angiogenesis is developed!®*l,

In the 70s, Judah Folkman suggested the hypothesis that tumors need vascularization
for growing - a process regulated by diffusible molecules. This process of angiogenesis is
balanced by pro- and anti-angiogenic factors. Folkman believed that by deranging and
preventing angiogenesis in tumors, the process can be slowed down, the tumor mass would
decrease, which would lead to tumor regression.

The increased production of angiogenic inhibitors or inhibition of receptors’ activity
and signaling of blood vessels and inhibition of angiogenic growth factor production take part
in the angiogenesis inhibitiont>®l.

Proliferation and migration of the endothelial cells from existing blood vessel and
organizing themselves in tubular vascular structure was the beginner phase of the mechanism
of tumor vascularization named vascularization by sprouting®l. In the next years, other
mechanisms of tumor vascularization were discovered and named as: angioblast recruiting,
co-opting vessels, vasculogenic mimicry (vascular imitation) and mosaic vesselst®l,

Not all tumors are angiogenic in the beginning. The formation of tumors can be
influenced by chemical cancerogenic substances, confirming that tumor progression happens
by a switch from the prevascular to the vascular phase.

In the epithelial organs, premalignant lesions develop and they are characterized by
disarranged proliferation, lack of cell uniformity and architecturally different organization.
These appearances can be part of a reversible process, or can develop further towards
carcinoma in situ and then progress to invasive carcinomat*®,

The activation of vascularization in premalignant lesions starts with proliferation and
migration of endothelial cells. New blood vessels form from the preexisting ones, in higher
density, and aside with the increased expression of VEGF-A/VEGFR-2 and decline of TSP-1
indicate an early angiogenic switch in skin squamous cell carcinoma (SCC). Growth factors from
the VEGF family play an essential role in the growth and invasion of SCC. The blockade of
VEGFR-2 receptors leads to inhibition of angiogenesis and invasion of SCC. The levels of
TSP-1 and TSP-2 physiologic inhibitors of skin angiogenesis are decreased in SCC, which
leads to a phase that precedes the invasion

Skin squamous cell carcinoma (SCC) is a malignant tumor of the epidermal tissue
(keratinocytes), characterized by destructive growth and metastasizing potential. Normal cells
undergo through multiple phases and genetic changes turning into malignant cells. Following
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actinic keratosis, skin SCC develops in 60% of patients. This premalignant condition becomes
malignant in 20% of patients due to a genetic mutation of p53 tumor suppressor genell,

Treatment of vascular and solid skin tumors such as SCC includes an oncologic
therapeutic approach that prevents tumor growth by interfering tumor angiogenesis!*2.

Angiogenesis, density of the vascular net in the neoplasm and its progression are
closely associated with tumor aggressiveness and poor prognosisl.

Winter J. et al. analyzed the density of blood vessels in basal cell carcinoma and
benign trichogen tumors. The consecutive data showed a statistically significant difference in
the blood vessel density; basal cell carcinoma had the highest vascular density™4,

Staibano S. et al. examined tumor angiogenesis in basal skin cell carcinoma, a tumor
with good prognosis in the largest number of patients. Evidence showed that this neoplasm
had developed more aggressive course and metastasis in certain number of cases!*®!.

Abulafia O. et al. studied angiogenesis in SCC in situ and microinvasive SCC of the
uterine cervix in order to connect angiogenesis and depth of invasion. The microvessel counts
in both types of the neoplasm showed a significant polarity™6l,

The study of the tumor angiogenesis in SCC in the head and neck region revealed a
corre[la}ion between the degree of tumor angiogenesis and clinical outcome in patients with
scct,

Data in another study showed that angiogenesis in oral SCC had a different
microvasculature in comparison to other neoplasms according to the degree of histological
differentiation of the carcinomal®l,

Literature-focused tumor angiogenesis has pointed to an increased microvascular
density during tumor progressiont*l increased peritumoral microvascular density during
neoplasm progressiont?®! or a significantly increased microvasculature in invasive SCC
compared to superficially invasive SCC and solar keratosis[*%l.

The aim of this study was to present the neovascularity and to determine the density
of blood vessels at the invasive front of tumor stroma in skin SCC in relation to the healthy
surrounding skin. Whether the change in the density of neovascularization depends on the
degree of histological differentiation of a neoplasm, or whether there is an influence of tumor
stage and correlation between the blood vessels density and the depth of carcinoma invasion
are questions to which we have tried to give an answer.

Materials and Methods

This retrospective study included surgical specimens obtained from 30 patients with
skin SCC, treated at the University Clinic for Plastic and Reconstructive Surgery and University
Clinic for Maxillofacial Surgery in Skopje. The histological analysis of the specimens was
done at the Institute of Pathology, Faculty of Medicine in Skopje.

Archival materials used in this study included: paraffin blocks, histopathological
specimens and histopathological reports. Patients were categorized by sex, age and location
of the neoplasm. Paraffin blocks were additionally used for making new histopathological
sections from the carcinoma segment as well as from the resection margins of the surgical
material, which were used as control groups for each patient separately. Sections taken for
histopathological analysis were examined and stained with hematoxylin-eosin. Special,
immunohistochemical staining by using specific primary monoclonal antibodies against
smooth muscle actin (SMA) and CD 34 were used.

Visualization of tumor neoangiogenesis was achieved by staining with CD34 antibody,
and hot spots in the invasive front of the neoplasm were identified at a magnification of x40
(Figure 1); well-formed vascular channels were counted at a magnification of x400 (Figure
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2). The vascular channels had a clearly differentiated lumen along the invasive front, in a set
of 10 visual fields.

Smooth muscle actin (SMA) staining was used to identify the presence of non-
capillary blood vessels that had smooth muscle cells in their structure and furthermore to
visualize blood vessels in the normal dermis representing as a control for staining with CD34.
The procedure for density determination was identical with that applied in staining with
CD34 (Figure 3).

Immunohistochemical staining was performed in line with the standard procedure
used at the Institute of Pathology, Faculty of Medicine in Skopje, that is, visualization system
(EnVision Flex from Dako manufacturer) using specific primary monoclonal antibodies.
Pretreatment was done with PT link apparatus with an adequate 3 in 1 buffer. Incubation of
the primary antibodies diluted in an antibody diluent (Antibody Diluent Dako-Cytomation) at
1:100 for smooth muscle actin (SMA) and 1:50 for CD34, for 20 minutes in a wet chamber at
room temperature was done. DAB (diaminobenzidine) as a chromogen and hematoxylin
(ENVision Flex Hematoxylin) as a counterstain were used in the procedure. The negative
control was obtained by omitting the primary antibody, and positive control when carcinoma
tissue was found.

Histopathological analysis included determination of neoplasm type, tumor stage
(pT), degree of histological differentiation (G) and depth of neoplasm invasion (Figures 4, 5,
6 and 7). A sum of all stained vascular areas found in the 10 visual fields was determined as
density of neovascularization in each separate case. The minimum and maximum count of
blood vessels was set on from all visual fields in each and every case and their mean value.
An identical procedure was conducted on the sections from the surrounding healthy skin,
involving determination of vessel density in the dermis (Figures 8, 9 and 10).
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Fig. 1. Skin squamous cell carcinoma (CD34, x40)
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Fig. 6. Skin squamous cell cércnoma, moaerte
differentiated (G2) (hematoxylin-eosin, x100)
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Fig. 9. Normal skin (CD34, X100)
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Fig. 10. Normal skin (Actin, x100)

Statistical analysis
The results were descriptively analyzed and presented in attributive and numerical

statistical series. The applied descriptive methods were: mean value, standard deviation;
presentation of data in figures and tables.
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For the evaluation of the results modern statistical methods of analyses were used by
employing a computer software. The statistical package SPSS 11.0 was used for creation of
databases.

Results

The total number of patients was 30, 10(33.3%) were females, aged 70-98 years
(average 85.7+8.4), whereas 20(66.7%) were males, aged 57-89 years (average 74.2+10.4)
(Table 1).

The skin of the face was the most common region in the examined group - 13 cases
(43.3%), and the least present were regions of the neck, forehead, eyelid, breast, arm, and leg
with one case each (3.3%) (Tablel).

In accordance with the degree of histological differentiation of the tumor, well-
differentiated (G1) skin squamous cell carcinomas were present in 12 patients (40.0%),
moderately differentiated (G2) skin squamous cell carcinomas in 13 patients (43.3%) and
poorly differentiated (G3) skin squamous cell carcinomas in 5 (16.7%) patients (Table 1).
Values obtained by measuring the depth of invasion ranged from the lowest 1561.2 um to the
highest 13000.1 um, average 4991.71 + 1741.9 (Table 1).

Table 1. Distribution of cases according to location, tumor stage
of neoplasm (pT), degree of histological differentiation (G) and
depth of invasion

Location Number and % presence
Skin of face 13(43.33%)
Skin of nose 3(10.0%)
Skin of ear auricle 3(10.0%)
Skin of abdomen 3(10.0%)
Skin of scalp 2(6.66%)
Skin of forehead 1(3.33%
Skin of eyelid 1(3.33%)
Skin of neck 1(3.33%)
Skin of breast 1(3.33%)
Skin of hand 1(3.33%)
Skin of leg 1(3.33%)
Degree of differentiation Number and % presence
G1 12(40.0%)
G2 13(43.33%)
G3 5(16.66%)
Depth of invasion Mean #sd.
4991.71+2741.9um
Depth of invasion min. / max.

1561.2 um/13000.1 um
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Fig. 11. Statistically significant difference between depth of invasion in skin SCC with different
degree of histological differentiation

Legend: (G1)-well-differentiated carcinoma, (G2)-moderately differentiated carcinoma, (G3)-poorly
differentiated carcinoma

The difference in depth of stromal invasion in skin SCC, which was registered in
neoplasms with different degree of histological differentiation, was statistically significant
(Kruskal-Wallis test: H (2, N=30) =23.47711, p =0.00008) (Figure 11).

If the depth of stromal invasion is linked to the degree of histological differentiation,
then it can be said that the smallest depth of stromal invasion was seen in well-differentiated
(G10) squamous cell carcinomas (2579.28 + 697.26), and the largest in the poorly
differentiated (G3) squamous cell carcinomas (9219.896 + 2268.882) (Table 2), (Figure 11).

Table 2. Average depth of stromal invasion in skin SCC expressed in
micrometers according to the degree of histological differentiation (G) of

neoplasms
Degree of histological differentiation Depth of stromal invasion (um)
G1(N=12) 2579.28+697.26
G2(N=13) 5592.33+1532.48
G3(N=5) 9219.896+2268.882

The smallest mean density value of neovasularization in well-differentiated tumors
(G1) was 15.0843.44, and the highest value was 24.75+5.59. In moderately differentiated
carcinomas (G2), the smallest mean value was 13.07+2.53, while the highest mean value
reached 33.0+9.88. In poorly differentiated carcinomas (G3), the smallest mean value was
17.40+4.16, and the highest 39.0+4.63. In normal skin, the values ranged from 3.80+1.78 for
the lowest mean value to 13.69+3.22 for the highest mean value (Table 3).
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Table 3. Ratio between density of vascular areas at the invasive front of skin SCC and of
normal surrounding skin and degree of histological differentiation of neoplasms (G)

GL(N=12) G2 (N = 13) G3(N=5)
I]O\t,?;:];r?,t;fé of blood vessels 187.92+37.99 256.61+83.34 364.80+30.13
D"e's’;g,';”{;‘ Si‘;ﬂ‘a?iﬁe"lgb"”d 15.08+3.44 13.0742.53 17.40+4.16
C";;‘ﬁ;?;‘:;" V':;T;?ﬁe?; blood 24.75+5.59 33.0+9.88 39.0+4.63
Average number of blood 18.79+3.79 o5 44+8.43 26.4843.01

vessels in visual field + SD
Density of vascular areas in normal surrounding skin
Total number of blood vessels

in visual field 66.33+15.95 68.61+9.13 63.204+8.70
Minimum number of blood
vessels in visual field 4.16+1.19 4.92+2.10 3.80+1.78
Maximum number of blood
vessels in visual field 12.33£3.20 13.69+3.22 11.60+3.28
Minimum number of blood 6.63+1.59 6.86+0.91 6.32+0.87

vessels in visual field £ SD

Table 3 illustrates that the lowest density of neovascularization was found in well-
differentiated neoplasms (G1) - 18.79+3.79, and the highest in poorly differentiated neoplasms
(G3) - 36.48+3.01. The statistical analysis of the results showed a statistically significant
difference in the density of neovascularization between the groups of carcinomas with
different degree of differentiation and between the groups with normal surrounding skin (H
(2, N=30) =16.02890, p =0.0003) (Figure 12).
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Fig. 12. Statistically significant difference in the density of neovascularization in skin SCC according
to the degree of histological differentiation (G1, G2, G3)
Legend: (G1)-well-differentiated carcinoma, (G2)-moderately differentiated carcinoma, (G3)-poorly
differentiated carcinoma.

The statistical analysis of the results have shown a statistically significant difference
in the density of neovascularization between the groups of carcinomas with different degree
of differentiation and between the groups with normal surrounding skin (Kruskal-Wallis test:
H (2, N=30) =16.02890, p =0.0003) (Figure 12).
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The difference registered in the mean density values of neovascularization in tumors
compared to that in normal skin was statistically significant (p=0.0000001) (Figure 13).
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Fig. 13. Statistically significant difference in density of neovascularization in skin SCC
compared to density of vascularization in normal surrounding skin
Legend: 1-healthy skin, 2-carcinoma

The difference registered in mean density values of neovasularization in tumors
compared to that in normal skin was statistically significant (Mann-Whitney U tect-
z=6.652991, p=0.0000001) (Figure 13).

The density of neovascularization in skin SCC was in a quite positive correlation with
the depth of invasion of carcinoma (p=0.00018) (Figure 4).
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Fig. 14. Correlation between density of neovascularization
at the invasive front of skin SCC and depth of invasion
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The statistical analysis of the examined parameters: tumor status (pT1/pT2), degree of
histological differentiation (G1, G2, G3), depth of invasion and density of blood vessels at
the invasive front of skin SCC according to sex and age of patients as well as according to
location of neoplasms showed no statistical significance for p<0.05 (Table 4).

Table 4. Values of p<0.05 of the parameters sex, age and location in correlation with tumor stage
(pT), histological differentiation (G), depth of invasion and density of blood vessels in skin SCC and
in healthy skin

Blood vessel density in neoplasms

Histological .

differentiation Mean value, SD  p<0.05 Sex Age Location
G1 18.79+3.79
G2 25.44+8.43 p=0.0003
G3 36.48+3.01 p=0.187  p=0.729 p=0.561
Depth of invasion p=0.00018 p=0.929 p=0.311 p=0.651
Blood vessel density in + _ _ _ _
healthy skin 6.86+0.91 p=0.0000001 p=0.428  p=0.302 p=0.747

Discussion

Based on the capacity of the tumor to secrete angiogenic factors, tumor cells stimulate
proliferation and migration of endothelial cells from the host to create irregular vascular
network4,

In accordance with the hypothesis proposed by Folkman, the manifestation of
angiogenesis in tumor samples is determined by the number and structure of tumor-associated
blood vessels, by the existence of endogenic pro-angiogenic and anti-angiogenic molecules
and development of their specific receptorst-l.

There are data that indicate increased microvascular density during tumor progression*®,
heighten peritumor microvascular density during neoplasm progression, or a notably
increased microvasculature in invasive SCC compared to superficially invasive SCC and
solar keratosis(?%l.

Analysis of angiogenesis in solar keratosis, in superficially invasive and invasive skin
SCC, showed a significant increase in microvasculature compared to the surrounding normal
skin, indicating that angiogenesis appears early in the development of cutaneous SCC and
confirming that neovascularization is parallel with tumor progression[?él,

The results obtained in this study showed a statistically significant increase in the
microvascular areas of the invasive front in skin SCC versus normal skin. Density of
neovascularization had considerably been diverted with the increased invasive front depth,
which was statistically confirmed.

Histological analysis of our specimens taken from 30 patients with skin SCC showed
a highly statistical difference in the density of blood vessels at the invasive front of skin SCC
in comparison to healthy skin (p=0.0000001).

The difference in the neovascularization density of neoplasms with different degree of
differentiation (G1, G2, G3) was statistically significant (p=0.0003).

Similar findings are presented in the study by Winter J. et al., who studied the density
of blood vessels in basal cell carcinoma and benign trichogenic tumors. There were
statisti%I]ly higher counts of blood vessels in basal cell carcinoma than in benign trichogenic
tumorst.

12
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This study found differences in the depth of the stromal invasion in skin SCC
registered in the neoplasms with different degree of histological differentiation (G) and showed a
statistical significance (p=0.00008) for G1, G2, G3. The density of neovascularization in skin
SCC was in a positive correlation with the depth of carcinoma invasion (p=0.00018).

The study designed by Staibani S. et al. emphasized the importance of the density of
blood vessels in determination of neoplasm aggressiveness and outcome of the disease.
Tumor angiogenesis in skin basal cell carcinoma was analyzed. This tumor has a favorable
outcome in the largest number of cases. Still, it was noticed that neoplasms in certain cases
had demonstrated an aggressive course and metastasized. Studying the density of blood
vessels in non-aggressive type and aggressive type of skin basal cell carcinoma, they
discovered a statistically significant difference in the neovascularization between the two
types of carcinomas. It was pointed out that the increased neovascularization at the invasive
front of the basal cell carcinoma can serve as a useful indicator in assortment of patients at an
increased risk of recurrence and metastasizing during the course of the disease, which would
help in determining a more aggressive therapeutic treatment!?°l,

The investigation of tumor angiogenesis in SCC in the head and neck region revealed
a correlation between the degree of tumor angiogenesis and the clinical outcome in patients
with SCC?l,

Immunohistochemical staining with CD34, which is a good visual indicator for blood
vessel detection, supplemented by determination of VEGF level have proven to be useful
tools in discriminating the neoplasm aggressiveness. Thus, in the study comparing skin
squamous cell carcinoma and basal cell carcinoma high levels of VEGF were found and high
microvascular density in patients with skin SCC?22%],

Angiogenesis in SCC was studied in tumors that occur in several different anatomic
sites in order to discover its role in progression of tumors or their aggressivenessi®l,

The poorer histological differentiation, the higher vessel density. This results in a
greater expansion of malignant cells and metastasizing. In our examined cases, at the time of
establishing the diagnosis no metastases in the neighboring lymph nodes were found, and
hence these data were not included in the analysis.

A study on angiogenesis in oral SCC found a relation in neoplasm microvasculature
with the degree of histological grading of the carcinoma, and presence or absence of nodal
metastases. There were nodal metastases in patients with high vessel density with poorly
differentiated SCCI??1,

Studying angiogenesis in solar keratosis, in superficially invasive and invasive SCC
of the skin, showed a higher microvessel density in comparison to the neighboring normal
skin, stating the fact that angiogenesis appears early in the developmental stage of cutaneous
SCC and that neovascularization is parallel with tumor progression(?*.

In oral SCC, the finding of higher microvessel density or neovascularization along
with the presence of positive lymph node metastases were the evidence of progression and
spread of the malignant process as one of the key events in oral carcinomas[2>?7,

In our study, differences found in the vessel density in neoplasms of different degree
of histological grading, tumor stage and depth of invasion correlated to sex, age of patients
and tumor location were not statistically significant and were a result of the randomly
selected specimens.

Having in mind that in skin SCC determination of pT parameter from the pTNM
classification means measuring the largest diameter of the neoplasm, which is not always
clearly defined, many authors have examined the depth of invasion of SCC as a prognostic
factor in expansion of the neoplasm.

13
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Our findings are consistent with observations from a number of other studies that we
have consulted.

We found an association of the depth of invasion with neovascularization density as
well as with the degree of histological differentiation of neoplasms, factors that are predictors
for tumor prognosis according to many authors.

Conclusion

Numerous molecular events, crucial for tumor progression and expansion, include:
increase or loss of adhesive molecules, secretion of proteolytic enzymes, increased cell
proliferation and initiation of angiogenesis. These processes develop in the front between the
tumor and the surrounding tissue of the host, i.e., the invasive front. The hypothesis
postulated by Bryne M. et al. has confirmed that molecular or morphological characteristics
at the invasive front of different carcinomas might reflect tumor prognosis much better than
the other tumor segments.

By analyzing the invasive front in skin SCC and its depth we have shown the
changing of the number of newly formed vascular channels compared to the healthy
neighboring tissue and the differences found were not only accidental but statistically
significant. A different degree of differentiation in this type of neoplasm has shown different
vessel density, which was statistically confirmed along with the positive correlation between
them.

Angiogenesis as an important process in malignant neoplasms and by increased
ingrowth and formation of new vascular channels plays a key role in sustenance, expansion
and metastasizing of neoplasms.

Conflict of interest statement. None declared.

References:

1. Velasco P, Lange-Asschenfeldt B. Dermatological aspects of angiogenesis. Br J
Dermatol 2002; 147(5): 841-852. doi: 10.1046/j.1365-2133.2002.05073.x. doi:
10.1046/j.1365-2133.2002.05073.X.

2. Bremnes RM, Donnem T, Al-Said S, Al-Shibly K, Andersen S, Sirera R, et al.
The role of tumor stroma in cancer progresion and prognosis. J Thorac Oncol
2011; 6(1): 209-217. doi: 10.1097/JT0O.0b013e3181f8alhd.

3. Folkman J. Fundamental concepts of the angiogenetic process. Curr Mol Med
2003; 3(7): 643-651. doi: 10.2174/1566524033479465.

4. Folkman J, Kalluri R. Tumor angiogenesis. In: Kufe DW. Pollock RE,
Weichselbaum RR, Bast RC, Gansler TS, Holland JF, Frei E, editors. Cancer
Medicine 6" edition. Hamilton: BC Decker; 2003.

5. Folkman J. Angiogenesis. Annu Rev Med 2006; 57: 1-18. doi:
10.1146/annurev.med. 57.121304.131306.

6. Ribatti D. Judah Folkman, a pioneer in the study of angiogenesis. Angiogenesis
2008; 11(1): 3-10. doi: 10.1007/s10456-008-9092-6.

7. Kerbel RS. Tumor angiogenesis. N Engl J Med 2008; 358(19): 2039-2049. doi:
10.1056/NEJMra0706596.

8. Auguste P, Lemiere S, Lahargue FL, Bikfalvi A. Molecular mechanisms of tumor
vascularization. Crit Rev Oncol Hematol 2004; 54: 53-63.

9. Lamalice L, Le Boeuf F, Huot J. Endotelial cell migration during angiogenesis.
Cirk Res 2007; 100(6): 782-794. doi: 10.1161/01.RES.0000259593.07661.1e.

14



Tasheva Lj. et al. Microvessel density and morfological features of neoplasm

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Gerhart H, Betsholtz CH. Endothelial-pericyte interactions in angiogenesis. Cell
Tissue Res 2003; 314(1): 15-23. doi: 10.1007/s00441-003-0745-x.

Bergers G, Benjamin LE. Tumorigenesis and the angiogenic switch. Nat Rev
Cancer 2003; 3(36): 401-410. doi: 10.1038/nrc1093.

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. doi:
10.1038/modpathol.3800295.

Verdolini R, Amerio P, Goteri G, Bugatti L, Lucarini G, Mannello B, et al.
Cutaneous carcinomas and preinvasive neoplastic lesions. Role of MMP-2 and
MMP-9 metalloproteinases in neoplastic invasion and their relationship with
proliferative activity and p53 expression. J Cutan Pathol 2001; 28(3): 120-126.
doi: 10.1034/j. 1600-0560.2001.028003120.x.

Winter J, Kneitz H, Brocker EB. Blood vessel density in basal cell carcinomas and
benign trichogenic tumors as a marker for differential diagnosis in
dermatopathology. J Skin Cancer 2011; Artical ID 241382. 5 pages doi:
10.1155/2011/241382.

Staibano S, Boscaino A, Salvatore G, Orabona P, Palomini I, De Rosa G. The
prognostic significance of tumor angiogenesis in nonaggressive and aggressive
basal cell carcinoma of the human skin. Hum Pathol 1996; 27(7): 695-700. doi:
10.1016/ s0046-8177(96)90400-1.

Abulafia O, Triest We, Sherer DM. Angiogenesis in squamous cell carcinoma in
situ and microinvasive carcinoma of the uterine cervix. Obset Gynecol 1996;
88(6): 927-932. doi: 10.1016/s0029-7844(96)00334-1.

Zatterstrom UK, Brun E, Willen R, Kjellen E, Wennerberg J. Tumor angiogenesis
and prognosis in squamous cell carcinoma of the head and neck. Head Neck 1995;
17(4): 312-318. doi: 10.1002/hed.2880170407.

Ascani G, Balercia P, Messi M, Lupi L, Goteri G, Filosa A, et al. Angiogenesis in
oral squamous cell carcinoma. Acta Otorhinolaryngol Ital 2005; 25(1): 13-17.
PMID: 16080310.

Florence MEB, Massuda JY, Brocker EB, Metze K, Cintra ML, De Souza EM.
Angiogenesis in the progression of cutaneous squamous cell carcinoma: an
immunohistochemical study of endothelial markers. Clinics (SaoPaolo) 2011;
66(3): 465-468. doi: 10.1590/s1807-59322011000300018.

Shieh YS, Lee HS, Shieh SG, Chu YW, Wu CW, Chang LC. Role of angiogenic
and non-angiogenic mechanisms in oral squamous cell carcinoma: correlation
with histological differentiation and tumor progression. J Oral Pathol Med 2004;
33(10): 601-606. doi: 10.1111/j.1600-0714.2004.00252.x.

Raica M, Cimpean AM, Ribatti D. Angiogenesis in pre-malignat conditions. Eur J
Cancer 2009; 45(11): 1924-1934. doi: 10.1016/j.ejca.2009.04.007.
Gijatromanolaki A, Koukourakis M, Sivridis E, Thore PHE, Brekken RA,
Konstantinos S, et al. Tumor specific activation of the VEGF/KDR angiogenic
pathway in a subset of locally advanced cell head and neck carcinomas. Clin Exp
Metastasis 2000; 18(4): 313-319. doi: 10.1023/a:1011083121295.

Kacar A, Arikok AT, Kokenek Unal TD, Onder E, Hucumenoglu S, Alper M.
Stromal expression of CD34, a-smooth muscle actin and CD26/DPPIV in
squamous cell carcinoma of the skin: a comparative immunohistochemical study.
Pathol Oncol Res 2012; 18(1): 25-31.

15


http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Ascani%20G%5Bauth%5D
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Balercia%20P%5Bauth%5D
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Messi%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Lupi%20L%5Bauth%5D
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Goteri%20G%5Bauth%5D
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Filosa%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Kacar%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21674250
http://www.ncbi.nlm.nih.gov/pubmed?term=Arikok%20AT%5BAuthor%5D&cauthor=true&cauthor_uid=21674250
http://www.ncbi.nlm.nih.gov/pubmed?term=Kokenek%20Unal%20TD%5BAuthor%5D&cauthor=true&cauthor_uid=21674250
http://www.ncbi.nlm.nih.gov/pubmed?term=Onder%20E%5BAuthor%5D&cauthor=true&cauthor_uid=21674250
http://www.ncbi.nlm.nih.gov/pubmed?term=Hucumenoglu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21674250
http://www.ncbi.nlm.nih.gov/pubmed?term=Alper%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21674250

Tasheva Lj. et al. Microvessel density and morfological features of neoplasm

24.

25.

26.

217.

Fina L, Molgaard HV, Robertson D, Bradley NJ, Monaghan P, Delia D, et al.
Expression of the CD34 gene in vascular endothelial cells. Blood 1990; 75(12):
2417-2426.PMID: 1693532,

Yorioka CW, Coletta RD, Alves F, Nishimoto IN, Kowalski LP, Graner E. Matrix
metalloproteinase-2 and -9activities correlate with the disease-free survival of oral
squamous cell carcinoma patients. Int J Oncol 2002; 20(1): 189-194.

Sridhara SU, Choudaha N, Kasetty S, Joshi PS, Kalianpur S, Tijare M. Stromal
myofibroblasts in nonmetastatic and metastatic oral squamous cell carcinoma: An
immunohistochemical study. J Oral Maxillofac Pathol 2013; 17(2): 190-194. doi:
10.4103/0973-029X.119758.

Shivamallappa SM, Venkatraman NT, Shreedhar B, Mohanty L, Shenoy S. Role
of angiogenesis in oral squamous cell carcinoma development and metastasis: an
immunohistochemical study. Int J Oral Sci 2011;3(4):216-224.

16



