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VEGF Secretion is Inhibited by Interferon-Alpha in Several 
Melanoma Cell Lines

Ene T. Raig,1,* Natalie B. Jones,2,* Kimberly A. Varker,2 Kristen Benniger,3 Michael R. Go,2  
Jennifer L. Biber,2 Gregory B. Lesinski,3 and William E. Carson, III2

Interferon-alpha (IFN-α) is employed in the treatment of malignant melanoma; however, it mediates regression 
of disease in only 10–15% of patients. Currently, its mechanism of action is uncharacterized. Low-dose IFN-α 
exerts anti-angiogenic effects when used in the treatment of life-threatening hemangiomas of infancy, suggest-
ing anti-angiogenesis as a mechanism of action. IFN-α may exert its anti-tumor effect in the setting of advanced 
malignancy by inhibiting the secretion of vascular endothelial growth factor (VEGF), a pro-angiogenic sub-
stance. We hypothesized that IFN-α would decrease the release of VEGF by melanoma tumors. We studied 
the effect of IFN-α on VEGF production in nine human melanoma cell lines. We also examined VEGF levels 
in 49 patients with advanced malignancies who received low-dose IFN-α and interleukin-12 (IL-12) on an NCI-
sponsored phase I trial. Human melanoma cell lines produced varying amounts of VEGF in vitro (60–1500 pg/mL  
at 48 h). Certain melanoma cell lines such as 18105 MEL secreted low levels of VEGF (152 pg/mL) after 48 h of 
culture, whereas other lines secreted very high levels (FO-1 3,802 pg/mL). Treatment of melanoma cells with 
IFN-α (2000 U/mL) decreased VEGF secretion by 40–60% in VEGF-high cell lines; however, this effect was not 
demonstrated in VEGF-low cell lines. In cancer patients, pretreatment VEGF plasma levels varied from 471 to 
4200 pg/mL. A decrease in VEGF plasma levels after treatment directly correlated with the number of treatment 
cycles administered (Pearson correlation, p = 0.04). In summary, IFN-α inhibits VEGF secretion by melanoma 
cell lines in vitro and may have similar actions in malignancies that respond to IFN-α treatment.

Introduction

Solid tumors must interface and integrate with the 
circulatory system to grow to a significant size in their 

host. Tumor cells can stimulate new vessel formation in a 
paracrine manner via the release of soluble factors with 
pleiotropic effects. These factors stimulate endothelial 
cells to proliferate and migrate, thereby resulting in the 
development of new blood vessels. Multiple groups have 
suggested a role for vascular endothelial growth factor 
(VEGF) in the stimulation of tumor angiogenesis (Choueiri 
and others 2006). Although angiogenesis is a complex 
process, VEGF is among the most potent angiogenic sub-
stances secreted by tumors (Graeven and others 2001). 
VEGF production has been measured in many tumors; 
however, the amount produced by different tumor types 
is highly variable. Of note, tumors that produce high lev-
els of VEGF have been associated with an increased pro-
pensity for metastasis (Claffey and Robinson 1996; Gorski 

and others 2003; Srivastava and others 2003). In addition, 
inhibition of VEGF-induced angiogenesis has proven to 
be an effective strategy for the inhibition of tumor growth 
in vivo (Kabbinavar and others 2003; Johnson and others 
2004; Choueiri and others 2006).

IFN-α is a cytokine that demonstrates unique anti-tumor 
effects and has been used for the treatment of a variety of 
malignancies including malignant melanoma. The exact 
mechanism of action remains to be elucidated; however, 
there exists evidence that interferon-alpha (IFN-α) exerts 
both a direct anti-tumor effect as well as indirect immunos-
timulatory actions (Pyrhonen and others 1992; Tsavaris and 
others 1996; Fidler 2000; Belardelli and others 2002; Lesinksi 
and others 2003). The anti-angiogenic effects of IFN-α are 
less well-characterized. Of note, IFN-α is currently the treat-
ment of choice for life-threatening hemangiomas of infancy 
due to its ability to inhibit the release of β-FGF, an important 
pro-angiogenic factor (Folkman 1995).
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IFN-α has been administered as a single agent at low 
doses to patients with advanced cancer or in combina-
tion with other immunomodulatory cytokines with anti-
angiogenic properties, such as IL-12. However, the effect of 
these regimens on circulating levels of VEGF remains to be 
elucidated. In the present study, we have evaluated the effect 
of IFN-α on the secretion of VEGF by melanoma cells in vitro 
and in a clinical trial of IL-12 and low-dose IFN-α.

Methods

Cell lines and reagents

Recombinant human IFN-α-2b (specific activity 
2  ×  108 IU/mg) was obtained from Schering Plough, Inc. 
(Kenilworth, NJ, USA) and resuspended in phosphate-buff-
ered saline (PBS) supplemented with 0.1% human albumin 
(Armor Pharmaceutical Co., Kankakee, IL, USA). IL-12 was 
obtained from Genetics Institute (Cambridge, MA, USA). 
Human melanoma cell lines, namely FO-1, MEL 39, HT 144, 
1074 MEL, 1106 MEL, 1174 MEL, 1259 MEL, 18105 MEL, and 
SK-MEL-33, were a gift of S. Ferrone (Roswell Park Cancer 
Institute, Buffalo, NY, USA). Cell lines were cultured in 
Eagle’s Minimal Essential Medium with 2 mM l-glutamine 
and 10% fetal bovine serum (FBS) supplements.

Assessment of melanoma cell proliferation

Human melanoma cell lines FO-1, MEL 39, and 1259 MEL 
were suspended in medium alone or medium supplemented 
with increasing concentrations of IFN-α (102–104 U/mL)  
and incubated for 72 h in 96-well flat-bottom plates. 
Proliferation was measured by the MTT Cell Proliferation 
Assay (American Type Culture Collection, Manassas, VA, 
USA) according to the manufacturer’s specifications.

Assessment of VEGF secretion by melanoma  
cells in vitro

Melanoma cell lines were suspended in 300 µL of media 
with or without cytokine and incubated in 96-well flat-bot-
tom plates. After 48 h, basal levels of VEGF in cell culture 
supernatants were measured using a commercially available 
ELISA (R&D Systems, Minneapolis, MN, USA) according to 
the manufacturer’s recommendations. Optical density of 
the developed ELISA plate was measured on a Perkin-Elmer 
bioassay reader using standard correction factors.

Flow cytometry for STAT1 activation and cell 
proliferation assays

Cell lines were cultured in appropriate media supple-
mented with PBS or escalating doses of IFN-α for 15 min and 
assayed for intracellular levels of Tyr(701)-phosphorylated 
STAT1 (pSTAT1), a downstream signaling intermediate by 
flow cytometry. Previous studies by our group have shown 
that lower concentrations of IFN-α (100–1000 U/mL) result 
in approximately half the induction of pSTAT1 in melanoma 
cell lines as compared to higher doses (e.g., 10,000 U/mL 
IFN-α) (Lesinski and others 2007). Cells were harvested from 
culture media, washed in flow buffer (PBS supplemented 

with 5% FBS), and fixed with Reagent A, Fix & Perm (Caltag 
Laboratories, Burlingame, CA, USA), and cold methanol. 
Cells were then washed and incubated in permeabilization 
medium (Reagent B) at room temperature for 30 min with  
7.5 ng of rabbit anti-human pSTAT1 antibody (BD 
Transduction Laboratories, San Diego, CA, USA) or an iso-
type control antibody. The cells were washed again and incu-
bated for 30 min with Alexaflour 488-goat anti-rabbit IgG at 
room temperature (Molecular Probes, Eugene, OR, USA). 
Finally, cells were washed, fixed in 1% formalin, and stored 
at 4°C until analysis. Analyses were done as described previ-
ously using a Becton Dickinson FACSCalibur flow cytometer 
(Becton Dickinson, Franklin Lakes, NJ, USA) equipped with 
a 488-nm air-cooled argon laser and a 633-nm helium–neon 
laser (Lesinski and others 2004).

Patients from NCI Phase I clinical trial

Between August 1998 and January 2000, 49 patients with 
advanced malignancies were enrolled in a NCI Phase I clin-
ical trial of IL-12 and IFN-α (T98-0020) at The Ohio State 
University Comprehensive Cancer Center (Eisenbeis and 
others 2005). The primary objective of this trial was to deter-
mine the maximum tolerated dose of IFN-α after a single 
dose of IL-12. A secondary objective was to evaluate the 
serum levels of VEGF at baseline and during treatment.

Consenting patients meeting the eligibility criteria 
received IL-12 intravenously (iv) on day 1 followed by subcu-
taneous (sc) injections of IFN-α-2b (INTRON A®) on days 2, 3, 
4, 5, and 6. The entire cycle was repeated every 14 days for a 
total of 6 months, or until patients exhibited disease progres-
sion. IL-12 was given at a dose of 100, 250, 300, or 500 ng/kg.  
For each dose of IL-12, the IFN-α-2b component was dose 
escalated within cohorts of three patients (1, 3, 5, 7, or 10 mil-
lion units [MU]/day). Each patient received the same dose 
of IL-12 and IFN-α-2b throughout treatment (Eisenbeis and 
others 2005). Peripheral venous blood samples for VEGF anal-
ysis were obtained before and following cytokine adminis-
tration. Clinical parameters for each patient were recorded, 
including demographics, cancer type, progression-free sur-
vival, overall survival, and the number of cycles received. 
VEGF levels from the plasma of seven healthy donors were 
measured as controls. Data from the clinical trial was eval-
uated using the statistics program SPSS. The Pearson cor-
relation was employed with two-tailed significance. The 
variables that were evaluated included age, cancer type, 
IFN-α dosage, IL-12 dosage, IL-12 route of administration, 
number of treatment cycles, upward/downward trend in 
plasma VEGF levels, and reduction of plasma VEGF levels 
over the course of the treatment.

Results

Production of VEGF by melanoma cell lines in vitro

There was significant variability in the baseline secre-
tion of VEGF by melanoma cell lines at the 48 h time point 
(Fig. 1A). As expected, secretion was time-dependent, with 
greater levels being observed at the 48–96 h time point as 
compared to earlier time points (Fig. 1B). Secretion was 
also dependent on the concentration of cells in culture. As 
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the concentration of cells in culture increased from 1 × 103 
cells to 6.25 × 104 cells per well, the secretion of VEGF also 
increased. For each cell line examined, the greatest secretion 
of VEGF occurred at a cell concentration of 8 × 104 cells per 
well (Fig. 1C).

Inhibition of VEGF secretion by IFN-α

IFN-α activates the Janus-kinase-STAT signaling path-
way in cells expressing the IFN-α receptor. To confirm that 
all melanoma cell lines were sensitive to IFN-α, we mea-
sured the activation of STAT1 (phosphorylation at Tyr 701) 
by flow cytometry. Phosphorylated STAT1 was activated in 
all tested cell lines following exposure to IFN-α (Fig. 2A). 
Treatment of melanoma cell lines with 1000 U/mL IFN-α 
resulted in varying decreases in VEGF secretion after 72 h 
(Fig. 2B). Published studies by Islam and others indicate 
that the dosage of IFN-α we employed (103 U/mL) for these 

experiments is physiologically relevant as the mean Cmax val-
ues of IFN-α in the blood of patients after a single high-dose 
IFN-α-2b infusion (20 MU/m2) were 1575 IU/mL and after 
four consecutive 5-day cycles of high-dose IFN-α-2b, the 
mean Cmax value was 2630 IU/mL (Islam and others 2002). 
Representative cell lines were treated with escalating doses 
of IFN-α (0–4000 U/mL), which resulted in cell line-specific 
changes in VEGF secretion (Fig. 2C). The secretion of VEGF 
by FO-1 and MEL 39 melanoma cells (cell lines that secreted 
high baseline levels of VEGF) decreased sharply in response 
to IFN-α. However, VEGF secretion by 18105 MEL cells, a 
cell line with lower baseline VEGF secretion, did not signif-
icantly change when treated with IFN-α. As can be seen in 
Figure 2D, these doses of IFN-α had minimal anti-prolifera-
tive effects on this panel of melanoma cell lines when plated 
at this high density. Therefore, the decrease in VEGF secre-
tion in response to IFN-α cannot be attributed to a decrease 
in proliferation.

FIG. 1.  Vascular endothelial growth factor (VEGF) secretion by melanoma cell lines. (A) Melanoma cells (HT 144, 18105 
MEL, 1106 MEL, 1259 MEL, MEL 39, SK-MEL 33, FO-1, and 1174 MEL; 6.25 × 104 cells/well) were incubated in culture for 48 
h and VEGF secretion was measured by ELISA. (B) The same melanoma cell lines were plated at a concentration of 5 × 105 
cells/well and incubated for 6–96 h, and VEGF secretion was measured by ELISA. Standard error was calculated from trip-
licate wells and was <5% in all conditions. (C) Melanoma cells were plated at varying concentrations (1.0 × 103 to 6.25 × 104 
cells/well) and incubated for 48 h. VEGF levels in the cell culture supernatants were quantitated by ELISA as in A and B. 
Standard error was calculated from triplicate wells and was <5%.
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FIG. 2.  Activation of STAT1, vascular endothelial growth factor (VEGF) secretion, and cellular proliferation in melanoma cell 
lines after treatment with IFN-α. (A) Melanoma cell lines were stimulated with phosphate-buffered saline (PBS) or 104 U/mL  
IFN-α for 15 min and levels of p-STAT1 were measured via flow cytometry. Standard error was calculated from triplicate 
samples. The percentage of cells with a positive response is indicated above each bar. (B) Melanoma cell lines were incubated 
in culture for 72 h with PBS or 1000 U/mL IFN-α. VEGF secretion was measured by ELISA. Standard error was calculated 
from triplicate wells and was <5%. (C) FO-1, MEL 39, and melanoma cells were treated with increasing doses of IFN-α, and 
VEGF secretion at 72 h was assessed by ELISA. (D) FO-1, MEL 39, and melanoma cells were treated with increasing doses of 
IFN-α and the level of proliferation was assessed by the MTT assay.
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FIG. 3.  VEGF secretion in response to in vitro treatment 
with IFN-α, IL-12, or the combination. MEL 39 and 18105 
MEL cells (5 × 105 cells/condition) were treated with PBS, 
IFN-α (2000 U/mL), IL-12 (10 ng/mL), or IFN-α and IL-12 for 
48 h, and VEGF secretion was assessed by ELISA.
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FIG. 4.  Pretreatment VEGF levels of patients receiving ther-
apy with IFN-α and IL-12. (A) Pretreatment levels of VEGF 
for patients with advanced malignancy (n = 49) as compared 
to normal donors (n = 7) and (B) for subsets of patients with 
different types of malignancies are shown. The very high 
level of VEGF in the patient with pancreatic cancer has been 
excluded from our statistical analysis to avoid skewing the 
average of the “Other Cancer” group.

VEGF secretion in response to treatment with IFN-α, 
IL-12, or the combination

Since we used IFN-α and IL-12 in our clinical trial, we 
were interested in the effects of these cytokines on mela-
noma cell line secretion of VEGF. MEL 39, and 18105 MEL 
cells were treated with PBS, IFN-α (2000 U/mL), IL-12 (10 
ng/ mL), or the combination, and VEGF levels were mea-
sured in the cell culture supernatants (Fig. 3). 18105 MEL 
cells (low-VEGF cell line) did not display a significant 
decrease in VEGF secretion upon exposure to these cytok-
ines. Interestingly, MEL 39 demonstrated significantly 
decreased VEGF secretion following treatment with either 
IFN-α or IL-12 alone.

VEGF levels in patients undergoing cytokine 
treatment for advanced malignancy

In order to assess the effect of cytokine treatment on VEGF, 
plasma VEGF levels were measured in patients at baseline and 
during treatment with IL-12 and IFN-α. The mean pretreat-
ment VEGF level for the 49 cancer patients was 1377 pg/mL  
(SD ± 2308 pg/mL) (Fig. 4A). VEGF levels ranged from 138 pg/
mL in a 23-year-old patient with angiosarcoma to 13,547 pg/mL  
in a 54-year-old patient with pancreatic cancer. Eight patients 

had advanced melanoma and their average pretreatment 
VEGF level was 1323 pg/mL (SD ± 1107 pg/mL). Seven 
patients had metastatic renal cell carcinoma and demon-
strated an average pretreatment VEGF level of 864 pg/mL  
(SD ± 642 pg/mL). Nine patients with colorectal cancer 
had an average pretreatment VEGF level of 797 pg/mL  
(SD ± 572 pg/mL) (Fig. 4B). In comparison, seven cancer-
free healthy controls had a mean baseline VEGF level of 
683 pg/mL (S.D.  ± 488 pg/mL, range 279–1250 pg/mL) 
(Fig. 4A and B).
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decreased secretion of VEGF, indicating that these path-
ways are active in promoting VEGF secretion in melanoma. 
Studies by Wu and others (2005) indicated that IFN-α treat-
ment of a hepatocellular carcinoma cell line downregulated 
multiple genes involved in MAP kinase and PI3 kinase sig-
naling. In addition, they showed that the inhibition of these 
pathways can decrease tumor cell VEGF secretion. As sev-
eral different pathways have been shown to stimulate VEGF 
expression, it is possible that multiple pathways are active 
in the setting of melanoma. We hypothesize that those cell 
lines secreting large amounts of VEGF may do so through 
multiple pathways, one or more of which may be sensitive to 
the activity of IFN-α. The cell lines that secrete lower levels 
of VEGF, however, may do so through pathways upon which 
IFN-α has no action.

Overall, serum VEGF levels in control subjects were sig-
nificantly lower than those of cancer patients. Analysis of 
patients grouped by malignancy revealed that renal cell car-
cinoma patients demonstrated the largest decrease in plasma 
VEGF level after treatment with IFN-α and IL-12. However, 
the clinical significance of this decrease in VEGF levels fol-
lowing combination treatment cannot be determined since 
patients with advanced disease may have cancers that were 
already highly vascularized. Interestingly, those patients 
who tolerated >6 cycles of IFN-α and IL-12 showed the 
greatest decline in VEGF levels. IL-12 has been shown to 
decrease angiogenesis in several murine tumor models, 
including melanoma (Sgadari and others 1996; Airoldi and 
others 2007). The decrease in new blood vessel formation 
has been partly attributed to decreases in tumor cell and 
stromal cell secretion of VEGF. This decrease in VEGF pro-
duction is at least partly dependent on IL-12-induced secre-
tion of IFN-γ but cannot be reproduced by administration of 
IFN-γ alone (Sgadari and others 1996). The anti-angiogenic 
effects of IFN-α may be dependent on its ability to inhibit 
the release of VEGF from tumor cells. With respect to the 
clinical activity of the IFN-α and IL-12 combination, we have 
previously published data suggesting that IL-12 induces the 
endogenous production of IFN-γ which upregulates the level 
of Jak-STAT signaling intermediates in both tumor cells and 
immune effector cells, thus sensitizing them to lower doses 
of IFN-α (Eisenbeis and others 2005). IL-12 may be enhanc-
ing the anti-tumor actions of IFN-α through direct anti-
angiogenic effects and also through its ability to enhance 
the effects of IFN-α.

Studies in patients with renal cell carcinoma have dem-
onstrated that combined treatment with IFN-α and SU5416, 
a selective inhibitor of the tyrosine kinase activity of the 
VEGF receptor Flk-1/KDR, results in decreased serum lev-
els of VEGF that correlate with clinical response to therapy 
(Lara and others 2003). In a separate study, treatment of renal 
cell carcinoma patients with IFN-α and thalidomide pro-
duced similar decreases in VEGF levels that were associated 
with response to therapy (Hernberg and others 2003). The 
above reports, combined with our clinical findings, suggest 
a particular sensitivity of renal cell carcinomas to anti-VEGF 
therapy. In some patients, mutation of the von Hipple-
Lindau tumor suppressor protein (pVHL) is associated with 
the development of renal cell carcinoma, due to the loss of 
pVHL’s inhibitory effects on hypoxia-inducible factors (HIF) 

The mean baseline VEGF level was higher among patients 
receiving greater amounts of therapy (≥6 cycles), as com-
pared to patients who were treated for <6 cycles (Fig. 5A), 
the mean VEGF level being 1278 ± 903 versus 594 ± 575, 
respectively. Renal cell carcinoma patients demonstrated the 
largest decrease in plasma VEGF levels, averaging 864 ± 642 
before therapy and 484 ± 323 upon conclusion of therapy. 
Patients with more rapidly progressive disease generally 
had a significant rise in VEGF levels over the short course 
of treatment, whereas those with stable disease exhibited an 
overall decrease in plasma VEGF (Fig. 5B). In fact, the num-
ber of treatment cycles correlated negatively with the percent 
change in VEGF over the course of treatment. The longer the 
patient remained on the study, the greater the decrease in 
VEGF levels over the course of the treatment (Pearson corre-
lation −0.354, p = 0.04).

Patient K, a 57-year-old colorectal cancer patient, received 
100 ng/kg IL-12 and 5 MU IFN-α for three cycles before 
stopping therapy due to progressive disease. Patient BB, 
a 43-year-old melanoma patient, received 250 ng/kg IL-12 
and 3 MU IFN-α for two cycles before developing progres-
sive disease. The plasma VEGF levels of patient K and BB 
both exhibited a gradual increase over the course of therapy 
(Fig. 5C). In contrast, patient VV, a 64-year-old renal cell car-
cinoma patient receiving 100 ng/kg IL-12 and 1 MU IFN-α, 
and patient D, a 59-year-old pharyngeal carcinoma patient 
receiving 500 ng/kg IL-12 and 5 MU IFN-α, demonstrated a 
significant decrease in plasma VEGF levels over the course 
of treatment (Fig. 5D). Patient VV and patient K ultimately 
received 18 and 6 cycles of therapy, respectively, before 
developing progressive disease.

Discussion

VEGF has been shown to play a critical role in the pro-
cess of tumor growth and metastasis in several cancers, 
including melanoma and colorectal carcinoma (Graeven 
and others 2001; Srivastava and others 2003; Choueiri and 
others 2006). We hypothesized that IFN-α treatment would 
decrease the release of VEGF by melanoma cells in vitro 
and also in cancer patients treated with this cytokine. We 
first showed that baseline VEGF secretion is highly variable 
among melanoma cell lines. Treatment of human melanoma 
cell lines with IFN-α in vitro led to decreased VEGF secre-
tion. Cell lines that secreted higher baseline levels of VEGF 
were more sensitive to IFN-α inhibition. Other in vitro stud-
ies have investigated the effects of IFN-α on VEGF secretion. 
Von Marschall and others (2003) showed a similar anti-
VEGF effect of IFN-α on neuroendocrine tumor cell lines. 
They concluded that IFN-α confers its anti-tumor activity 
both in vitro and in vivo, at least in part, via Sp1- and/or Sp3-
mediated inhibition of VEGF promoter activity. A variety 
of factors have been implicated in stimulating VEGF secre-
tion, including hypoxia, the loss of p53 or PTEN, gains of 
function in Ras or Src, and autocrine stimulation of several 
tyrosine kinase pathways (Trisciuoglio and others 2005). 
These factors ultimately stimulate VEGF secretion through 
PI3 kinase and/or Erk/MAP kinase activation. Bedogni and 
others (2004) demonstrated that application of a PI3 kinase 
inhibitor or a MEK1/2 inhibitor to murine melanoma cells 
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FIG. 5.  Response of vascular endothelial growth factor (VEGF) levels to treatment correlates with duration of therapy. (A) 
Initial VEGF levels for patients receiving ≤6 cycles of therapy and patients receiving >6 cycles of therapy are shown. (B) VEGF 
levels prior to the start of therapy and at the conclusion of therapy are shown for patients receiving ≤6 cycles of therapy and 
patients receiving >6 cycles of therapy. Standard error was calculated from triplicate wells and was <5%. (C) Representative 
VEGF levels in patients with rapidly progressive disease (patient BB, top; patient K, bottom) are shown. Patient BB received 
250 ng/kg IL-12 and 3 MU IFN-α and patient K received 100 ng/kg IL-12 and 5 MU IFN-α. (D) Representative VEGF levels 
in patients with favorable response to therapy (patient D, top; patient VV, bottom) are shown. Patient D received 500 ng/kg 
IL-12 and 5 MU IFN-α and patient VV received 100 ng/kg IL-12 and 1 MU IFN-α.
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responsible for tumor angiogenesis. Overexpression of 
HIF, HIF-1α, and HIF-2α leads to the upregulation of genes 
involved in proliferation and angiogenesis (Sun and others 
2003). Carroll and Ashcroft (2006) demonstrated in renal cell 
carcinomas that constitutively express HIF-1α or HIF-2α due 
to loss of VHL function that high basal levels of VEGF was 
predominantly dependent on HIF-2α. These data suggest 
that a variety of factors contribute to the levels of basal VEGF 
secretion in the tumor microenvironment. Theoretically, the 
basal level of VEGF or other pro-angiogenic factors could 
modulate the ability of the host to respond to biologic thera-
pies such as IFN-α and IL-12.

In conclusion, we have demonstrated that VEGF secre-
tion by different melanoma cell lines and among different 
cancer patients is highly variable and can be inhibited by 
IFN-α and IL-12 immunotherapy. Patients who respond 
to IFN-α immunotherapy with a decrease in serum 
VEGF demonstrated longer disease progression-free sur-
vival than non-responders. These findings could lead 
to improvement in patient selection for anti-angiogenic 
therapies.
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