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Abstract  

A growing body of evidence demonstrates the relevant role of the int-2 
(FGF-3) oncogene in human carcinomas. To investigate its angiogenic 
activity, the human epithelial mammary cell line MCF-10A was infected 
with a retrovirai expression vector carrying the int-2 oncogene. Infected 
cells were entrapped in an alginate pellet and placed on the chorioallantoic 
membrane of chick embryos. After 7 days, a dense capillary network was 
found to grow toward the pellet, whereas parental cells did not show any 
angiogenic activity. Conditioned medium from int-2-infected cells was 
injected i.p. twice daily into rats over a period of 10 days. The mesentery 
of treated rats showed numerous small blood vessels originating from 
larger vascular arcades and growing through the stromal layer of the 
mesentery. In control experiments, neither medium for cell culture nor 
conditioned medium from parental cells was found to induce angiogenesis. 
In conclusion, the stimulation of blood vessel growth by int-2.infected cells 
suggests that the production of the Jut-2 protein is associated with the 
acquisition of the angiogenic phenotype. 

Introduct ion 

Angiogenesis  is an important event occurring during embryo de- 

ve lopment  and pathophysiological  processes such as wound  repair, 

chronic inflammation, and tumor growth (1, 2). In the past few years, 
a number  of  normal and tumor cells have been reported to produce 

polypeptide growth factors capable of  inducing the proliferation of  

capillaries in vivo and in vitro (2). A m o n g  the angiogenic substances 

so far purified and characterized, basic fibroblast growth factor ap- 

pears to be one of  the most  potent angiogenesis inducers (3, 4). The 

protein encoded by int-2 (FGF-3), a protooncogene belonging to the 
FGF 3 family (44% homology with respect to basic fibroblast growth 

factor), is involved in embryo development  (5) and viral-induced 

mouse  mammary  tumors (6). The mechanism of  int-2 oncogenic ac- 

tivation results from an enhanced transcription after insertion of the 

mouse  mammary  tumor virus upstream or downstream of  the int-2 

gene (6). Since the encoded protein is not detected in normal breast 

tissue, the induction of  int-2 expression is probably one of the critical 

events in mouse mammary  carcinogenesis (7). Furthermore, this on- 

cogene is frequently overexpressed in breast (8), esophageal (9), and 

ovarian (10) cancers and in Kaposi 's  sarcoma (11) in humans.  To 

determine whether the production of the int-2 protein contributes to 
the development  of  angiogenesis, we have infected with the int-2 gene 

the spontaneously immortalized epithelial cell line MCF-10A, which 
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originated from human breast (12) and does not express detectable 

levels of  the int-2 protein. The results of  this study show that the 

infected cell line and its condit ioned med ium are able to induce 

angiogenesis in the CAM and rat mesentery. 

Materials  and Methods  

Cell Line and Infection. An MCF-10A cell line (passage no. 38) was 
obtained from the American Type Culture Collection (Rockville, MD). Cells 
were seeded in 75-cm 2 tissue culture flasks and cultured according to Soule et 
al. (12). The mouse int-2 cDNA fused to an artificial leader sequence and under 
the transcriptional control of an internal 13-actin promoter was inserted in the 
MCF-10A cell line with the retroviral expression vector pSP-1 (13). Media and 
supplements for the cell culture and sterile plastics were from GIBCO (Grand 
Island, NY) and Costar (Cambridge, MA), respectively. 

Western Blot Analysis. Confluent cultures (-2.5 X 106 cells) of parental 
and pSP-l-infected MCF-10A cells were washed with phosphate-buffered 
saline, scraped, and collected in 500 pol of lysis buffer containing 62.5 mM 
Tris-HCl (pH 6.8), 5% /3-mercaptoethanol, 2% sodium dodecyl sulfate, 
0.001% bromophenol blue, and 16.5% glycerol (13). Samples of 50 ~g of total 
cellular proteins were aliquoted for Western blot analysis. Conditioned medium 
was obtained from confluent monolayers of parental and int-2-infected MCF- 
10A cultures; cells were washed twice in serum-free Dulbecco's modified 
Eagle's medium and incubated in the same medium containing 0.1% serum for 
6 h. Medium was collected, centrifuged at 2500 • g, and concentrated at least 
10-fold in a Centricon 10 ultrafiltration device (molecular weight cutoff, 
10,000; Amicon, Danvers, MA). Samples of 30/xl were mixed with an equal 
volume of 2x lysis buffer; then conditioned media and total cellular extracts 
were boiled for 5 min, subjected to sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (12.5% gel), and transferred to nitrocellulose (Hybond-C; Am- 
ersham, England). Membranes were washed in Tris-buffered saline-Tween 20 
buffer and incubated for 2 h in the same buffer containing 2% nonfat dry milk. 
Then they were exposed to a 1:500 dilution of the rabbit polyclonal antiserum 
RIB-2 (generously given by Dr. Clive Dickson; ICRF, London, United King- 
dom) in Tris-buffered saline-Tween 20 solution at room temperature for 2 h. 
Membranes were washed three times with the same solution for 30 min, 
incubated for 1 h with 1:5000 anti-rabbit IgG conjugated to horseradish per- 
oxidase, and finally revealed by 4-chloro-l-naphthol. Reagents for Western 
blot analysis were from Sigma Chemical Co. (St. Louis, MO). 

Assay of Angiogenesis in the CAM. The procedure for chick embryo 
cultivation described by Dunn et al. (14) was adopted. Embryos were incu- 
bated at 37~ and 90% humidity for 2 days, at which point treatments to assay 
angiogenesis stimulation were started. Parental and int-2-infected MCF-10A 
cells were entrapped in calcium alginate which was prepared following the 
method of Plunkett and Hailey (15) with minor modifications. Briefly, 3 X 106 
cells were gently mixed with a sterile solution of 1.5% sodium alginate 
(Sigma). The cell suspension was transferred to a sterile plastic well (inside 
diameter, 5 mm) containing 50 txl of 80 mM CaC12 so that the liquid alginate 
would become a gel and entrap the cells. The alginate pellets were promptly 
washed twice with cell culture medium and then peeled away from the plastic 
surface with a sterile spatula. Each pellet was placed on the CAM, and embryos 
were returned to the incubator for an additional 7-10 days. After this period, 
the CAM around the alginate disk was examined with a Leitz stereomacro- 
scope (Leica, Wetzlar, Germany) for neovascular growth. Alginate pellets 
without cells or containing parental MCF-10A cells were used as controls. The 
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calcium alginate gel did not allow the cells to be in direct contact with their 
environment, but it permitted them to release their diffusible angiogenic factors 
(16). 

Assay of Angiogenesis in the Rat Mesentery. The method of Nehls et al. 
(17) was used to induce angiogenesis. Conditioned medium from parental and 
int-2-infected MCF-10A cells was obtained by growing cells in 180-cm 2 flasks 
at approximately 70% confluence and in 30 ml of medium for 5 days. The 
medium was centrifuged at 2000 • g for 10 min, and the supernatant was 
stored frozen at -20~ before its use. One ml of conditioned medium was 
injected i.p. into female Wistar rats (mean body weight, 200 g) twice daily for 
10 days. At day 11, rats were anesthetized with 1 g/kg of urethan (Sigma) and 
laparotomized; several mesenteric windows (the triangular portion of mesen- 
tery circumscribed by the vascular branches of mesenteric vessels and the 
small bowel) were cut and examined with a Leitz stereomacroscope (Leica). 

Results 

Detection of int-2 Protein. The production of the int-2 protein by 
infected cells was confirmed by Western blot analysis. The int-2 
polyclonal antibody demonstrated the presence of the protein in total 
cellular protein samples and conditioned medium from int-2-infected 

MCF-10A cells (Fig. 1), but the protein was not detected in the 
parental cell line (data not shown). 

Induction of Angiogenesis in the CAM. The pellets containing 
MCF-10A cells infected with the int-2 oncogene and placed on the 
CAM stimulated the growth of blood vessels (Fig. 2). The neovascu- 
larization around the implant consisted of a large number of tiny 
capillaries originating from the tertiary branches of CAM blood ves- 
sels and growing toward the pellets, while larger vessels formed 
vascular loops in the same direction (Fig. 2). Neither the alginate 
pellet without cells nor the MCF-10A parental cell line (Fig. 3) were 
able to induce angiogenesis in the CAM. 

Induction of Angiogenesis in the Rat Mesentery. The translucent 
parts of the membranous mesentery of normal rats are macroscopi- 
cally free from blood vessels. After repeated i.p. injections of cell- 
conditioned medium from int-2-infected MCF-10A cells, a dense net- 
work of capillaries, originating from the preexisting branches of the 
mesenteric blood vessels, developed through the stromal layer of the 
mesentery (Fig. 4). Rats injected with conditioned medium from 
MCF-10A parental cells presented only a little capillary network 
confined to the perivascular fat tissue (Fig. 5), while mesentery of rats 
injected with serum-supplemented culture medium presented normal, 
avascular membranous mesentery after the same period of treatment 
(data not shown). 
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Fig. 1. Detection of int-2 protein in total cellular extract (A) and conditioned medium 
(B) from int-2-infected MCF-10A cells. Numbers on the right, position and size in 
kilodaltons of molecular weight standards. 

Fig. 2. Stereomacrophotograph of an alginate gel pellet containing int-2-infected MCF- 
10A cells and placed on the CAM. Entrapped cells produced a marked angiogenic reaction 
(circumferential arrowheads) and tortuosity of larger blood vessels. Bar, 1 ram. 

Fig, 3. Stereomacrophotograph of an alginate gel pellet (circumferential arrowheads) 
containing the parental MCF-10A cells and placed on the CAM. The normal vascular 
architecture was not altered, and angiogenesis around the pellet did not develop. Bar, 1 
mm. 

Discussion 

The ability of some members of the FGF family to induce angio- 
genesis has been well documented (2, 3); however, no data were 
available in the literature on the possible induction of neovascular- 
ization by the product of the int-2 (FGF-3) gene. Int-2 oncogene 
seems to be frequently amplified in esophageal (9), ovarian (10), and 
breast (8) carcinomas and has recently been detected in Kaposi's 
sarcoma lesions (11); moreover, previous works have associated the 
overexpression of int-2 with a more aggressive tumor growth (8, 10). 
However, it is not fully understood which biological properties are 
conferred by the int-2 overexpression and, particularly, if the produc- 
tion of the int-2 protein switches the cells to the angiogenic pheno- 
type. In order to investigate in this direction, we inserted the int-2 gene 
in the MCF-10A cells, a spontaneously immortalized epithelial cell 
line obtained from human breast. The angiogenic properties of this 
oncogene were investigated by means of two models: (a) int-2-in- 

fected cells were entrapped in calcium alginate gel pellet and placed 
on the CAM; and (b) conditioned medium from infected cells was 
injected into the peritoneal cavity of rats. 

During normal chick embryogenesis, CAM vascularization is pro- 
vided by continuous neoformation of secondary and tertiary branches 
of blood vessels which homogeneously cover the whole CAM surface 
(18). In the present study, CAM blood vessels formed a rich vascular 
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Fig. 4. Stereomacroscopic appearance of a mesenteric window of a rat treated twice 
daily for 10 days with 1 ml of conditioned medium from int-2-infected MCF-10A cells. 
A dense capillary network (arrowheads) originating from large vascular arcades devel- 
oped through the stromal layer of the mesentery. Bar, 1 mm. 
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Fig. 5. Stereomacroscopic appearance of a mesenteric window of a rat treated twice 
daily for 10 days with 1 ml of conditioned medium from MCF-10A cells. The few 
capillaries confined to the perivascular fat tissue are shown (arrowheads). Bar, 1 mm. 

architecture directed toward the int-2-infected cells entrapped in cal- 
cium alginate gel. In addition to this, the i.p. administration of con- 
ditioned medium from int-2-infected MCF-10A cells induced the de- 
velopment of neoangiogenesis in the rat mesentery. In this cell line, 
the ability to induce neoformation of blood vessels was not associated 
with the acquisition of a transformed phenotype because the cells were 
almost unable to form colonies in soft agar (19). 

The involvement of int-2 in the stimulation of blood vessel growth 
is supported by the present results, which were obtained in vitro and 
in vivo. These findings are in agreement with data suggesting that the 
overexpression of int-2 is an indicator of tumor aggressiveness (10). 
By means of in situ hybridization experiments, Liscia et al. (20) 
detected the int-2 mRNA in breast cancer cells invading blood vessels; 
they suggested that the need for neovascularization during tumor 
growth provides a selective pressure which helps the selection of 
tumor cells containing int-2 genomic amplification. It has recently 
been shown that this oncogene is predominantly expressed in peri- 
vascular cells of Kaposi's sarcoma (11). Moreover, previous works 
have demonstrated that int-2 and FGF-4 are coamplified in esopha- 

geal carcinoma and suggested that this genetic abnormality is related 
to an increase in tumor metastatic capacity (9). 

In conclusion, the present data support the hypothesis that the 
product of the int-2 gene is able to stimulate the interaction between 
cancer cells and the vascular component of tumor stroma; as a con- 
sequence, this protein may be implicated in the stimulation of angio- 
genesis and cell proliferation during tumor development. 
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