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Abstract
The aim of the current work was to present a short literature review of members of the most potent angiogenic factor family, the VEGF family and their specific endothelial receptors, the VEGFR family; to explore the expression of VEGF in metastatic melanoma and to elucidate the predictive role of VEGF as index of treatment response to specific combined chemoimmunotherapy. The expression of VEGF was studied by immunohistochemistry in 74 biopsy materials from patients with metastatic melanoma who received DOBC-IFN- as chemoimmunotherapy. The results showed that the higher level of expression of VEGF in pre-treatment biopsies of patients with metastatic melanoma was associated with more frequent therapeutic response (62.5% vs. 35%, p=0.044, (2 test), longer chemotherapeutic effect (5 vs. 2 months, p=0.068, Log-rank test) and better prognosis after the initiation of chemoimmunotherapy treatment protocol (10.2 vs. 8 months, p=0.109, Log-rank test). In conclusion, our findings suggest that the evaluation of VEGF expression level in pre-treatment biopsies of patients with metastatic melanoma could be useful in the prediction of treatment response and prognosis of patients receiving combined DOBC-IFN-chemoimmunotherapy.
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1. Introduction

There is considerable experimental evidence that tumor growth and metastasis are angiogenesis-dependent (1). The process of tumor development and growth takes place in two stages, namely a prevascular or avascular phase and a vascular phase. The prevascular phase is associated with a tumor growth limited to 1-2 mm3 and seldom results in metastases, whereas the vascular phase is characterized by rapid tumor growth with a greater potential for metastasis (1) (. The switch from the prevascular to the vascular phase is regulated by multiple biochemical and genetic mechanisms and involves a change in the local equilibrium between positive (pro-angiogenic) and negative (anti-angiogenic) regulators of the growth of microvessels (2)
The acquisition of angiogenic activity by tumors appears to be a complex process. The balance between anti- and pro-angiogenic factors could be shifted either by increased production of positive regulators, or by decreasing the negative regulators; or, in some cases, by both processes (3). Tumor cells may overexpress angiogenic proteins, mobilize such factors from the extracellular matrix, recruit host cells such as macrophages, mast cells, pericytes, and platelets, which produce their own angiogenic proteins, or utilize combinations of these processes (1, 4).

A large number of endogenous factors has already been described in the literature (2, 5-8). Some of these angiogenic factors have been known to act directly in vitro as mitogenic factors on endothelial cells (ECs) and they include VEGFs, FGFs, PD-ECGF and a host of others. On the other hand others exert their angiogenic effects only in vivo and they include TGF-, PDGFs, Ang1, Ang2, and a host of others. 

The endogenous inhibitors of angiogenesis often appear to be fragments of larger proteins and they become active after proteolytic cleavage.  Angiostatin and endostatin are typical examples. Of all the angiogenic factors VEGF is considered to be the most prominent.

1. 1 VEGF family 

The VEGF family members are considered to play a major regulatory role in both physiological and pathological angiogenesis, as well as in lymphangiogenesis. The VEGF family currently includes six members: VEGF, placenta growth factor (PlGF), VEGF-B, VEGF-C, VEGF-D and orf virus VEGF (called VEGF-E) (8, 9) (Figure 1). The VEGF family members are characterized by the following properties as shown in the literature (8):

i) All growth factors are secreted dimeric glycoproteins covalently linked in their receptor binding portions via two disulfide bridges. They usually form homodimers, but can naturally also form heterodimers. 

ii) All polypeptides have a VEGF homology domain containing a conservative eight-cysteine residue motif (called cysteine knot motif).

iii) Most of the VEGF family members exist in several isoforms, generated by an alternative splicing process of a single gene 

iv) Proteolytic cleavage is implicated in peptide precursor processing to the mature forms.

VEGF, also called vascular permeability factor (VEGF/VPF), is a major regulator of the neovascularization processes. It is regarded as specific mitogen for vascular ECs. VEGF stimulates ECs to degrade ECM via increased expression and activation of t-PA, PAI-1, u-PAR, MMP-1 and stimulates ECs to migrate and form tubes in vitro (8-10). In vivo VEGF increases permeability of capillary vessels to different plasma proteins thus facilitating the formation of extravascular fibrin gel, a substrate of endothelial and tumor cell growth (10). In addition, VEGF plays a role in EC survival, since it induces expression of antiapoptotic proteins in ECs (11). 
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Figure 1. Schematic structure and ligands of endothelium-specific VEGF receptor tyrosine kinases (IgH - immunoglobulin like domain; TK1, & TK2 - tyrosine kinase domain 1, and 2).

Five VEGF protein isoforms, different in their molecular mass and biological properties, have been identified (8-10). These forms are: VEGF121, VEGF145, VEGF165, VEGF189, and VEGF206. They are encoded by 5 mRNAs produced by alternative exon splicing of a single gene. This gene comprises 8 exons and is located at 6p21.3 in human genome (10).

VEGF165 and VEGF121 are the predominant molecular species, but VEGF189 is also commonly found. VEGF145 is the major form detected in several tumor cell lines (8-10). The larger forms VEGF206 and VEGF189 are almost completely sequestered in ECM via binding to heparin-containing proteoglycans, but may be released in a soluble form by heparinase. The shorter forms, VEGF165 and VEGF145, are secreted forms. However a significant fraction of them remains bound to cell surface or ECM because of binding heparin. The shortest isoform VEGF121 is the only form that does not bind to heparin and is freely soluble (8-10).

All VEGF isoforms can induce vascular hyperpermeability. However, only VEGF121, VEGF145 and VEGF165 can induce proliferation of ECs in vivo; VEGF165 has the highest potency among them (8, 9). VEGF isoforms act directly and selectively on vascular ECs via binding to and activation of two receptor tyrosine kinases (RTKs), namely VEGFR-1 (Flt-1) and VEGFR-2 (KDR/Flk-1) (8-10).

Placenta growth factor (PlGF), the second VEGF family member, is a secreted dimeric glycoprotein with a 46% amino acid homology with the VEGF sequence. PlGF exists in two isoforms: a short PlGF1 of 129 amino acids (PlGF129) and a longer one PlGF2 of 152 amino acids (PlGF152), generated by alternative splicing. The two PlGF forms have predilection to certain organs in their expression profile. PlGF2 is expressed mostly in placental tissue and cell lines, whereas the PlGF1 is expressed in human colon and mammary carcinomas (8).

In addition to PlGF homodimers, which are weak mitogens in vitro, a naturally occurring heterodimers of PlGF1 and VEGF165 have been identified. They have less mitogenic activity than VEGF165 homodimers suggesting a modulating role for PlGF on the VEGF-induced angiogenesis. While PlGF homodimers bind only to VEGFR-1 (Flt-1), the naturally occurring heterodimers PlGF1/VEGF165 bind to soluble VEGFR-2 (8).

Human VEGF-B is most closely related to VEGF. VEGF-B can exist as either VEGF-B167 or VEGF-B186, which are products of alternative gene splicing encoding this protein. These two forms of VEGF-B can form homodimers. They can also form heterodimers with VEGF165. It has been suggested that this is the way they control the bioavailability of VEGF (8, 12). VEGF-B186 has hydrophobic O-glycosylated C-terminus and is secreted from cells, whereas VEGF-B167 has basic heparin-binding C-terminus and remains sequestered to the cell surface or to ECM (8, 12). VEGF-B is a selective ligand for VEGFR-1. Binding of VEGF-B to VEGFR-1 results in increased expression and activity of u-PA and PAI-1. This suggests a role for VEGF-B in the regulation of ECM degradation, cell adhesion and migration (8).

VEGF-C is a secreted N-glycosylated homodimeric molecule. It is synthesized as a large protein precursor that undergoes a two-step proteolytic processing (12). Studies have shown two mRNAs of 2.4 and 2.0 kb, produced by alternative splicing, in its production (12). Like VEGF, VEGF-C binds to VEGFR-2 (KDR/Flk-1) and induces migration and mitogenesis of cultured ECs (8, 12). In addition, VEGF-C binds VEGFR-3 (Flt-4) that is highly expressed in the endothelium of lymphatic vessels (13, 14). Thus, VEGF-C could play a dual role in the proliferation of both blood and lymphatic vascular ECs, which express VEGFR-2 and VEGFR-3, respectively. However, VEGF-C has mainly been associated with the development and growth of the lymphatic system (12).

VEGF-D was first identified as a c-fos-inducible growth factor (FIGF). It is most closely related to VEGF-C especially in their C-terminal extensions. They contain specific tandem repeat motifs not found in any other VEGF family members. Thus, VEGF-C and VEGF-D comprise a novel subgroup of VEGF family (8, 15). VEGF-D is a ligand and an activator of both VEGFR-2 (KDR/Flk-1) and VEGFR-3 (Flt-4); it is mitogenic for microvascular ECs (8, 15).

VEGF-E (NZ-7 VEGF, Orf Virus VEGFs) has been identified in the genome of a parapoxvirus, Orf virus. Although VEGF-E has only 25% amino acid homology with VEGF, it shows a potent EC growth stimulatory activity and vascular permeability activity. It is a ligand only for VEGFR-2 (KDR/Flk-1), inducing autophosphorylation of this RTK (8, 14). VEGF-E is considered to be a new member of VEGF family possibly involved in the process of pathological angiogenesis in virus-infected lesions (8).

1.2 VEGF receptor family

VEGF family members exert their effects via binding to the three VEGF receptor family members namely, VEGFR-1/Flt-1 (fms-like tyrosine kinase-1), VEGFR-2/KDR/Flk-1 (kinase-domain insert containing receptor/fetal liver kinase-1), and VEGFR-3/Flt-4 (fms-like tyrosine kinase-4) (8) (Figure 1).

All three receptors consist of seven immunoglobulin-homology (Ig-like) domains, a transmembrane sequence and an intracellular portion containing tyrosine kinase domain split by a kinase insert. The extracellular domain of the mature form of VEGFR-3 differs from those of other VEGFRs. It is proteolytically cleaved into two chains linked by disulfide bonds (8, 9, 14, 16) (Figure 1).

In adults the VEGFR-1 and VEGFR-2 receptors are expressed predominantly in vascular endothelial cells, whereas VEGFR-3 is expressed mainly in the lymphatic endothelium (8, 9, 14). The factors, which are ligands for VEGFR-1, include VEGF, PlGF, and VEGF-B. VEGFR-2 binds VEGF, VEGF-C, VEGF-D and the new VEGF-E, whereas the VEGFR-3 can recognize and bind only VEGF-C and VEGF-D. Binding of the receptors to their appropriate ligands results in dimerization and autophosphorylation of the intracellular receptor dimers triggering certain signaling pathways (8, 9, 14, 16).  Recently it has been reported that a receptor mediating neuronal cell guidance, neuropilin-1 (NP-1), is also a receptor for VEGF165 and PlGF-2, but has no direct signaling activity after VEGF and PlGF binding (8, 14). 

Although both receptors VEGFR-1 and VEGFR-2 bind VEGF, each leads to different biological responses. Since the activation of VEGFR-2 results in ligand-induced chemotaxis and mitogenicity and is necessary for formation of blood islands, blood vessels and for hematopoiesis, VEGFR-2 is suggested to be the major regulator of vasculogenesis and angiogenesis (8, 9). On the other hand, the activation of VEGFR-1 does not induce EC proliferation. However, it plays an essential role in endothelial organization during vascular development.  Though VEGFR-3 is restricted in adult tissues mainly to lymphatic endothelial cell, it has been shown that it is also required for the maturation of the vascular plexus into large and small vessels during development. Thus, all VEGFRs are considered to play indispensable role in vasculogenesis and angiogenesis (8, 9, 14, 16).

1.3 Prognostic significance of tumor vascularity and VEGF expression.

There abounds growing evidence linking increased tumor angiogenesis with greater tumor aggressiveness, such as higher frequency of metastases and/or decreased survival rate (17-19). This biological marker has been extensively studied also in malignant melanoma including metastatic melanoma (20-25). Intratumoral microvessels can be visualized using immunohistochemical methods to stain endothelial cells. Two categories of EC markers have been defined using currently available antibodies. The first category comprises the pan-endothelial cell markers such as VIII-related antigen/von Willebrand factor (FVIII-RA/vWF), CD31 (PECAM-1), CD34, and CD36. The second category includes markers of activated/proliferating endothelium CD105, 4A11, H4/18, E9, TEC-11 (anti-"endoglin"), raised against proliferating or activated ECs (17, 19). Ulex europaeus I agglutinin is also extensively used for highlighting of vessels.

Alternative immunohistochemical methods to assess angiogenic activity of a tumor are the analysis of intratumoral expression of angiogenic peptides, such as VEGFs, bFGF, or the presence of the angiogenic inhibitors, such as TGF- and TSP-1, or expression of some proteolytic enzymes and/or their inhibitors in the tumor stroma, such as u-PA and PAI-1, MMP-2 and TIMP-1 etc.(17). Since VEGF is considered to be the most prominent angiogenic factor, its expression in different tumors, correlation with tumor microvascularity, and prognostic significance, have been extensively explored. Increased expression of VEGF is found to be associated with poor outcome in patients suffering from cancers with different origins, such as lung cancers, gastric carcinoma, breast cancer, etc.(26-28). There are, however, studies that have failed to demonstrate significant association between VEGF expression and survival, such as in esophageal carcinomas (29). 

There is a growing number of reports about the expression of VEGF in melanoma. However, these have come mainly from investigations on melanoma cell lines, xenografts and primary melanoma (22, 30-36). Furthermore, a paper exploring the expression of VEGF in naevocellular naevi, primary melanoma and melanoma metastases, described an enhanced expression of this growth factor in metastatic tumors (37). Recently an enhanced expression of the VEGF has also been reported in metastatic tumor (75% of melanoma metastases) compared with primary melanoma (58% of primary melanomas) (38). However, no analysis on the potential prognostic significance of VEGF expression has been reported in metastatic melanomas.

Since microvascularization and blood flow within a tumor determine not only the growth and metastasis of neoplasms but also tissue access of anticancer drugs, the tumor vascularization and expression of VEGF have also been explored for their potential role as factors that might affect the response to administrated chemo- or radiotherapy. A number of studies on nasopharyngeal carcinomas, rectal carcinomas and bladder tumor have demonstrated that richly vascularized tumors responded better to the radiotherapy than tumors with a poor vascularization (39, 40). Recently, similar relation has been found between vascular density and response to combined chemotherapy of squamous cell head and neck cancer (41) and to doxorubicin of non-small cell lung cancer (42). However, information about the role of VEGF and therapeutic response are quite few. For example, there was a report on the reduced VEGF expression that was accompanied by a poor microvessel density in non-small cell lung carcinoma; this was clearly linked with resistance to doxorubicin (42).

Since there is only limited information about the expression of VEGF in metastatic melanoma and its significance on the response to chemotherapy, we aimed to study the expression level of this angiogenic factor and to elucidate its possible predictive role for therapeutic response in patients with metastatic melanoma treated with DOBC-IFN- combined chemoimmunotherapy.

2. Material and methods

We studied 74 biopsy materials obtained from 68 patients with metastatic melanoma. These patients were being treated in the Department of Oncology and Radiotherapy, Helsinki University, with combined DOBC-IFN- chemoimmunotherapy (Table 1.).

Table 1. Clinical data of the patients with metastatic melanoma treated with DOBC-IFN-(-chemoimmunotherapy.

	Patients’ characteristics
	N (%)

	Gender:

male

female
	40 (59)

28 (41)

	Age at the beginning of therapy:

mean ± SD

median (range) (years)
	53 ± 12

53 (30 - 75)

	Stage:

III

IV
	20 (29)

48 (71)

	Disease-free survival (DFS):

median (range) (months)
	14.7 (0 – 206.8)

	DOBC- IFN survival:

median (range) (months)
	9.6 (0.9 – 103.7)

	Response to therapy:

CR (complete response)

(Responders)

PR (partial response)

(Responders)

SD (stable disease)

(Non-responders)

PD (progressive disease)

(Non-responders)
	9  (13)

26 (38)

12 (18)

21 (31)

	Duration of response:

median (range) (months)
	5 (0 – 114)


We used immunohistochemistry to determine VEGF expression. The primary antibody was a polyclonal rabbit anti-human VEGF A-20 (Santa Cruz Biotechnology) employed in a StreptABComplex/HRP Duet Mouse/Rabbit Kit (DAKO A/S) detection system and 3-amino-9-ethylcarbazole (AEC, Sigma) as chromogen that emits a red colored immune product. VEGF immunostaining was evaluated in the central areas of the metastases. Assessing the percentage of positive cells was done in a semiquantitative scale (1=<25%; 2=26-50%; and 3->50% positive cells). Metastases with more than 50% positive cells were considered high VEGF expression. The data were analyzed using (2 test for contingency tables, the Kaplan-Meier for survival curves and the Mantel-Cox (Log-rank) for analyzing difference between the curves. Factors with p<0.05 were considered statistically significant.

3. Results 

Cytoplasm of the tumor cells expressed VEGF in the main. All samples stained positive but in the following proportion: 8 samples showed less than 25% positive cells, 17 with 26% to 50% positive cells, and more than 50% in 49 cells (Figure 2). The endothelial cells of the tumor vessels also expressed VEGF.


[image: image2]
Figure 2. Strong immunohistochemical staining (arrows, darker cytoplasm) for VEGF in cytoplasm of more than 50% of tumor cells in a sample of metastatic melanoma

Since we aimed to analyze the effect of VEGF expression level on the response to therapy and on survival after initiation of therapy, further analyses were only on patients (n=60) from whom obviously first biopsy materials, as reference materials, were obtained before the beginning of chemoimmunotherapy. Among these 60 patients 32 were responders (9-CR; 23-PR) and 28 non-responders (11-SD; 17-PD).  A statistically significant association was observed between the therapeutic response and the level of VEGF expression (low expression was less than 50% positive cells; and high expression was above 50% positive cells). The patients with high VEGF expression (n=40) responded more frequently to the therapy (25 out of 40; 62.5%), whereas those patients with low level of VEGF in their biopsies (n=20) were more often with stable or progressive disease (13 out 0f 20; 65%) (p=0.044, (2 test) (Figure 3A). The duration of the response was also longer in the patients with higher level of expression of VEGF (median duration of 5 months) compared to those with lower level of VEGF (median duration of 2 months). The difference between the curves approached the statistical significance (p=0.068, Log-rank test) (Figure 3B). The disease-free survival of the patients was not associated with the level of VEGF in the first biopsy (p=0.831, Log-rank test), whereas the prognosis after the initiation of chemoimmunotherapy was slightly better for those patients with higher VEGF expression than with lower level of expression (10.2 vs. 8 months, p=0.109, Log-rank test) (Figure 4).
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Figure 3. (A) TOP: Association of the level of VEGF expression with therapeutic response of patients with metastatic melanoma treated with DOBC-IFN-α chemoimmunotherapy (p=0.044, (2 test). (B) BOTTOM: Duration of the response to administered DOBC-IFN-α therapy is longer in patients with higher VEGF (5 months) than in those with lower VEGF level (2 months, p=0.068, Log-rank test).

4. Discussion

Malignant melanoma is considered as a chemotherapy-refractory tumor with an objective response rate to a single chemotherapeutic regimen ranging between 10 and 20% (43-46). Polychemotherapy and chemoimmunotherapy have resulted in a higher response rate of 20% to 40% and 50-60%, respectively, including some long-term responses (43-47). Therefore, the research on the identification of biological predictors of response to systemic therapy would assist in selection of patients likely to benefit from such type of therapy.

In view of this we investigated the expression of vascular endothelial growth factor (VEGF) in biopsy materials from patients with metastatic melanoma and used this expression as prognostic index during systemic chemoimmunotherapy.  Our subjects for this analysis were only patients that could provide pre-treatment biopsy materials.

The results of our current work clearly showed that the high expression level of VEGF in pre-treatment biopsies of patients with metastatic melanoma was a good predictor of objective therapeutic response, longer response duration and longer survival of the patients after the initiation of combined chemoimmunotherapy. These findings are in agreement with some other studies that had focused on the prognostic role for therapeutic response to chemotherapy of VEGF expression level in cancers such as squamous cell head and neck carcinoma and non-small cell lung carcinoma (41, 42). 

Hypoxia has been shown to induce resistance to a number of antineoplastic agents. This was attributed to amplification of resistance-related genes (e.g. P-glycoprotein, dihydrofolate reductase and metalloprotein IIA) (42, 48). Since hypoxia is a result of the inadequate vasculature to the tumor mass, the blood vessel density may be considered as an indirect measure of the oxygenation of tumors. In our previous study we showed that patients with metastatic melanoma manifesting an objective response to the therapy had slightly higher blood vessel density compared to those who did not respond (49). On the other hand a strong correlation between the tumor vessel density and VEGF expression was also seen. Thus, the observed correlation of the high level of VEGF with the response to administered chemoimmunotherapy in this study could be explained with the suggestion that metastases with high VEGF expression are better oxygenated and hence would respond better.
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Figure 4. Survival course after metastatic melanoma patients began DOBC-IFN-α chemoimmunotherapy. Pre-treatment biopsies with high VEGF indicated slightly better prognosis (median survival of 10.2 vs. 8 months, p=0.109, Log-rank test) compared to those with low VEGF.

VEGF, also called vascular permeability factor (VPF), is known to increase the permeability of the blood vessels (10). This function of the factor leads to enhanced flow of nutrients and other compounds of the blood, including chemotherapeutic agents, through the blood vessel walls into the extracellular compartment. So, VEGF may improve the interaction of the tumor cells with the anticancer drugs and thus result in better response to treatment. 

In conclusion, our findings suggest that the evaluation of VEGF expression level in pre-treatment biopsies of patients with metastatic melanoma could be useful in the efforts to predict the treatment response and prognosis of the patients receiving combined DOBC-IFN-chemoimmunotherapy in order to help in the selection of an appropriate therapy for the patients.
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