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Isolation of a growth-stimulating agent from human skin fibroblast cultures 
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Summary. Cell-flee supernatants were harvested from cultures of human skin fibroblasts, were applied on to DEAE- 
cellulose columns, and the first fraction eluted with phosphate-buffered saline contained the growth-stimulating agent. 
The eluted fraction was then passed through a series of amicon membranes. After passing through PM-10, the filtrate 
stimulated growth of bovine vascular endothelial, canine myocardial, and human mammary carcinoma cells. 

Cell culture has been used as a productive approach to 
understanding cellular functions, including experiments by 
several investigators to study electrical properties of myo- 
cardial cells 1-5. Endothelial cells constitute the inner lining 
of the blood vascular system. Because of their location at 
the interface between blood and tissue, they are the chief 
elements involved in the permeability of blood vessels 6,7. 
Abnormalities of endothelial cell structure and function are 
prominent in the pathology of a number of diseases of 
blood vessel walls such as thromboangitis 8 and microan- 
giopathy 9. 
Several factors that promote the growth of cells in culture 
have been identified. One of the most potent is the fibro- 
blast growth factor which stimulates the growth of a variety 
of mesoderm-derived cells 1~ Biopsies of normal human 
skin when explanted with 10% normal human serum with 
100 units/ml penicillin and 100 ~g/ml streptomycin prolif- 
erate and produce a monolayer of fibroblasts (figure 1). 
The present studies examined the cell-free spent media 
harvested from these cultures. A growth stimulating activity 
was observed with bovine vascular endothelial cells 
(BVEC), human mammary carcinoma cells (MC) and 
canine myocardial ventricular cells. Filtration of the spent 
cell-free media through various molecular weight sieves, a 
growth stimulating agent with a molecular weight of ap- 
proximately 10,000 dalton was isolated. 
Bovine vascular endothelial cells (BVEC) were initially 
obtained from Dr Fenelau, were carried in our tissue 
culture laboratories as described ~1. Human mammary carci- 
noma cell lines GM, PMA and MW were established in 
these laboratories u-13. Biopsies were obtained from a 72-h 
infarcted devascularized, interpapillary wedge of approx- 
imately 16% of the left ventricle. This was achieved by 
surgical ligation of the obtuse marginal branches of the 
circumflex artery supplying this section ~4. These explants 
were obtained from Dr Roper immediately after biopsy, 
and cultured in a medium consisting of 40% M 19915, 45% 
Earl balanced salt solution and 15% dog serum, with 
100 units/ml penicillin and 100 pg/ml streptomycin 16. 
Under these conditions, the myocardial explants proliferat- 
ed yielding monolayers of myocardial cells (figure 2, A and 
B). 
72 h after infarction, biopsies were taken from the infarcted 
area, border zone and from a normal location. 24 h in 
culture medium, explants from the infarcted area showed 
heavy, those from border zone slight and those from 
normal area lacked in leukocytic-lymphocytic population. 
These cells were removed when the explants were refed. 
72 h later, all cultures containing explants from normal 
areas, and the majority from the border zone contained 
bacterial contamination and discarded. The lack of bac- 
terial contamination led to the use of explants from the 
infarcted area. 
The cells from any of the mentioned sources were first 
washed 3 times with Hanks balanced salt solution (HBSS). 
The cells were plated at the appropriate density and were 
allowed to stand for about 3 h in the MEM used for 
medium before changing to the medium containing the 
growth factor. Counts of viable and nonviable cells deter- 

mined by trypan blue exclusion, were taken on triplicate 
samples after 3 test days: When necessary, corrections were 
made for plating efficiency (determined to be about 67%) 
with BVEC. Test on cell lines other than BVEC were 
carried out in an analogous manner. Serum levels were 
diminished by ~ or ~/4 from the normal amounts that 
produced optimal in-vitro growth of these cell-lines. Pro- 

Fig. 1. Normal human skin fibroblasts monolayer grown for 72 h 
after 3rd transfer as described in text. • 80. 
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Fig. 2. 3H-Thymidine incorporation into DNA fraction of bovine 
vascular endothelial cells: 5 ml of 107 per ml of the viable cells 
were incubated in Eagle's-MEM supplemented with (A) 10% fetal 
calf serum, (B and C) with 5 and 10 og per ml of bovine serum 
albumin, and (E, E, and F) with 5, 10 and 20 ~g per ml of the 
growth-stimulating agent(s), respectively. At time intervals aliquots 
of 105 cells were removed and pulsed for 60 min with 3H- 
thymidine. The incorporation of the label into DNA was deter- 
mined as described under methods 18. 
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Fig. 3. Canine myocardial ven- 
tricular explants 72 h after adher- 
ence to glass, A Explants in Ea- 
gle's-MEM supplemented with 
fetal calf serum. B In Eagle's- 
MEM supplemented with 
5 ~tg/ml of human skin fibroblast 
growth stimulating agent(s). 

b 

te in  concen t ra t ion  of  the growth s t imula t in$  agents was 
de t e rmined  using the m e t h o d  of  Lowry et at. 17 with bov ine  
serum a l b u m i n  as a s tandard.  
3H- thymidine  incorpora t ion  into D N A  was de t e rmined  at 
30-min intervals  dur ing  incuba t ion  of  105 viable  ce l l s /ml  o f  
Eagle 's  M E M  in presence and  absence  o f  the growth factor, 
as descr ibed by  Delecluse et al. xs. 
All  cell l ines tested for response  to the growth s t imula t ing 
agent,  were p la ted  in the s tandard  growth m e d i u m  f rom 
stock cul tures  into wells o f  Fa lcon  Micro Test  II plates at 
subconf luen t  densi t ies  r ang ing  f rom 10,000 to 40,000 
cells/well .  Fo l lowing  cell a t t a c h m e n t  af ter  6-24 h, m e d i u m  

was changed  with the add i t ion  o f  the growth s t imulat ing 
agent  (5-500 I~g/ml) to the test cultures. The  cultures were 
refed every 72 h wi th  growth fac tor  con ta in ing  med ium.  At  
t ime intervals  the wells were pho tographed ,  and  cell counts  
and  viabil i ty were de te rmined ,  the lat ter  by t rypan blue dye 
exclusion. Cont ro l  cul tures  were  t rea ted  identically except  
for  the omiss ion o f  the growth agent.  
Results and discussion. Cell-free superna tans  harves ted  
from 72-h cultures of  n o r m a l  h u m a n  skin f ibroblasts  were 
f rac t ionated  on  DEAE-cel lu lose ,  and  the 1st f ract ion eluted 
with phospha t e -bu f f e r ed  saline con ta ined  the ma jo r  growth 
s t imula t ing activity. This  lat ter  f ract ion then  successively 

Isolation and partial purification of the human fibroblast growth stimulating factor. Cell-free supematants were harvested from 
confluent cultures of human skin fibroblasts and examined for growth stimulating activity after various stages of purification 

Purification step Bovine vascular endothelial cells Human mammary carcinoma ceils 
N Control (%) P N Control (%) P 

Supernatant 5 142.5___ 7 0.05 8 138.7• 7 0.01 

DEAE-cellulosefraction I 4 187.2_+ 8 0.01 6 217.8• 9 0.01 

Filtrate from am• membrane 
XM-I00 3 225.8___ 9 0.01 6 289.1• 11 0.005 
XM-50 3 . 277.3• 10 0.01 6 347.2• 14 0.005 
PM-30 3 363.3 • 19 0.005 6 398, 3 + 24 0.005 
UM-20 3 378.4_+ 21 0.005 6 463.7 • 28 0.001 
PM- 10 3 405.6 • 25 0.005 6 496.1 • 32 0.001 

P, probability computed as described by Dixon and Massey m. N, number of experiments. 5 days after plating, bovine vascular 
endothelial cells or mammary carcinoma cells were incubated for 24 h in medium containing 5 ~tg/ml of the growth stimulating 
factor assessed as protein 16. The results are expressed as cpm 3H-thymidine incorporated during the terminal h per ~tg DNA 
as percentage of control. Typical control values taken as 100% incorporation were 250, and 450 cpm per ~tg DNA for bovine 
vascular endothelial and mammary carcinoma cells, respectively. The results represent the mean • SD. 

Table 2. Viability of cells in Eagle's MEM supplemented with the growth stimulating factor. Cells were plated as described in 
"Materials and methods" with or without the addition of the growth stimulating factor. Viability were measured by trypan blue dye 
exclusion. Viability is expressed as the percentage of viability in presence of the growth stimulating factor compared to that of 
controls 

Cell line Control* Percent of viability at the following concentrations of the growth stimulating factor 

Bovine vascular endothelial 100 

Canine myocardial cells 100 

Mammary carCinoma 
GM 100 
PMA 100 
MW 100 

5 ~tg/ml 100 ~tg/ml 200 ~tg/ml 400 ~tg/ml 

395.1 + 20 570.37- 32 1575.4 • 50 3758.3 • 65 

174.31- 9 227.6 +_ 10 735.6 + 25 2275.9 i 39 

487.5• 32 595.3• 1476.9+47 3285.8+__47 
517,2+ 37 765.3 ~- 42 1985.9_+ 53 4165.9+ 68 
468.9 + 29 515.3 z 35 1673,8 _+ 52 3685.9 + 66 

Typical control values taken as 100% incorporation were 250. 150 and 450 cpm for bovine vascular endothelial, canine myocardial 
and mammary carcinoma cells, respectively. The above results represent the mean • SD of 5 separate experiments. 
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Fig. 4. Human mammary carci- 
noma cells on their 156th trans- 
fer. 72 h after subculture into A 
Eagle's-MEM supplemented with 
fetal calf serum (50%), and B Ea- 
gle's-MEM supplemented with 
5 gg/ml of human skin fibroblast 
growth-stimulating agent(s). 

b 

passed through a series, of  amicon membranes.  The  filtrates 
from XM-100, XM-50, PM-30, UM-20  and PM-10 con- 
tained the growth stimulating activity. The data sum- 
marized in table 1 indicate that successive filtration through 
the amicon membranes  produced progressive increase in 
the growth stimulating activity of  both bovine vascular 
endothelial  and human mammary  carcinoma ceils. When 
examined on polyacrylamide gel electrophoresis, the fil- 
trate from PM-10 yielded 1 major  and 1 faint protein band 
(unpublished observations). The amicon membranes  
retained large amounts  o f  proteins which had no effect on 
cellular growth. It is suggested that the described proce- 
dure, concentrated and increased the specific activity o f  the 
growth stimulating agent(s). 
When bovine vascular endothelial  cells (BVEC) were incu- 
bated in Eagle's M E M  supplemented with 10% heat inacti- 
vated fetal calf  serum, and at time intervals pulsed for 
60 min with 3H-thymidine, curve A in figure 2 showed 
progressive incorporat ion of  the label into D N A  fraction of  
BVEC. If  fetal calf serum was replaced with 5 or 50 ixg/ml 
of  bovine serum albumin (BSA), curves B and C (figure 2) 
showed a progressive increase during the 1st h, then a 
constant incorporat ion of  3H-thymidine into D N A  fraction 
of  BVEC. Replacing fetal calf  serum with 5, 10 or 20 ~tg/ml 
o f  the human fibroblast growth-stimulating agent(s) pro- 
duced progressive increase in the incorporation of  3H- 
thymidine into the D N A  fraction of  BVEC. It is suggested 
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