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Investigations of human platelet-derived growth fac- 
tor (PDGF), a potent mitogen for mesenchymal 
derived cells in culture [l-3], have provided a 
rational basis for the understanding of at least one 
mechanism involved in malignant transformation. 
PDGF is a heat-stable (loo”), cationic (isolectric 
point 9.8) polypeptide [4] that circulates in blood 
stored in the a-granules of platelets [5]. It is released 
from platelets into the serum during blood clotting, 
constituting the major polypeptide growth factor of 
serum. It is suggested that in uiuo PDGF is delivered 
during platelet degranulation at the site of injury 
where it participates in the process of wound healing 
by stimulating the proliferation and migration of 
connective tissue cells. 

We have shown recently that PDGF and the 
transforming protein of the simian sarcoma virus 
(SSV). an acute transforming retrovirus of primate 
origin, derive from the same or closely related cel- 
lular genes [6]. This conclusion is based on the dem- 
onstration that PDGF and the SSV transforming 
protein [7,8] share extensive amino acid sequence 
homology 16, 9, 101, have common antigenic deter- 
minants and structural conformation [ 111, and exert 
identical biological functions [12, 131. These findings 
suggest that the ability of the simian sarcoma virus 
to induce transformation derives from the incor- 
poration of the PDGF gene within the retroviral 
genome. The resulting transforming one gene (v-sis) 
region within the retrovirus genome codes for a 
PDGF-like mitogen and is capable of inducing 
neoplastic transformation by the continuous pro- 
duction of this potent mitogen causing sustained cell 
proliferation. 

Consistent with the findings described above is the 
detection of v-sis-related messenger RNAs in human 
tumors of mesenchymal origin, such as glio- 
blastomas, fibrosarcomas, and osteosarcomas [14]. 
Production of PDGF-like mitogen by these human 
malignant cells in culture has been reported [ 15-171. 
More recent studies have demonstrated that these 
cells synthesize, process, and release PDGF-like 
polvpeptides which are recognized by specific PDGF- 
ant&era (Graves et al. and Pantazis et al., unpub- 
lished data). 

These findings demonstrate that activation of sis 
transcription can cause the sustained abnormal pro- 
liferation of human cells which are target cells of 
PDGF action. Thus, six activation may be involved 
in the process leading normal cells of mesenchymal 
origin toward malignancy. 

Following is a brief description of the events that 
led to the recognition of PDGF; the current under- 
standing of PDGF structure and function; its role in 
the regulation of normal cell growth; and its link to 
malignant transformation. 

Recognition of platelet-derived growth factor 

The recognition of PDGF em rged from two inde- 
pendent projects. One resulted in the isolation and r 
characterization of the major krowth factor poly- 
peptide from human serum [18]. The other produced 
the information that the serum growth factor activity 
resided in platelets and could be recovered in platelet 
extracts [19-211. As summarized below, the com- 
bination of these two efforts led to the present status 
of PDGF. 

The presence of a potent cell growth factor in 
serum was suspected from the finding that serum is 
indispensable for the growth of normal cells in cul- 
ture [22,23]. In collaboration with D. Scher, we 
reported, in 1974 and 1975 [18,24], the isolation and 
characterization of the major human serum growth 
factor, which turned out to be a distinct and unusual 
polypeptide. It was shown to be heat-stable. even 
after it was boiled at 100” for lC-20 min [ 18.241, and 
it was strongly cationic, with an isoelectric point of 
about 9.7 [18]. Reduction with 2-mercaptoethanol 
abolished its mitogenic activity. Under reducing con- 
ditions, its molecular weight was about 13,000 as 
judged by analytical sodium dodecyl sulfate (SDS)- 
electrophoresis [18]. This polypeptide was present in 
serum in trace amounts with an estimated con- 
centration of about 50 ng/ml serum [25,26]. At the 
time of its isolation and characterization from human 
serum, we were unaware that this growth factor 
derived in serum from platelets during blood clotting. 

Balk, in 1971[ 191, described that the serum growth 
factor activity resides in blood platelets and is 
released into serum during blood clotting. This con- 
clusion derived from the observation that platelet- 
poor plasma, unlike clotted blood serum, could not 
support the growth of 3T3 fibroblasts in culture. 
These observations were confirmed and extended in 
1974 by ROSS et nl. [20] and by Kohler and Lipton 
[21]. In addition, these investigators demonstrated 
the recovery of the growth factor activity from plate- 
let extracts, establishing conclusively that platelets 
are the source of the serum growth factor activity. 
Similar data were reported in 1975 by Westermark 
and Wasteson [l]. Stimulated by these important 
reports, we investigated the possibility of whether or 
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not the growth factor polypeptide we had isolated 
from human serum derived from platelets. Using 
a specific radioimmunoassay for the serum growth 
factor and cell culture procedures, we were able 
to confirm that this factor derived from platelets 
[2S. 261. It was present in clotted blood serum and 
in platelet extracts but absent from platelet-poor 
serum. 

In view of these findings. the serum growth factor 
activity was named platelet-derived growth factor 
(PDGF). 

Properties of PDGF 

The finding that the serum growth factor resides 
in platelets allowed its large scale isolation and 
purification from clinically outdated platelets [4.27]. 
Purified PDGF obtained from platelets was shown 
to be a heat-stable, cationic (~19.8 to 10.2) poly- 
peptide. sensitive to reducing agents, properties 
identical to those described previously for the poly- 
peptide growth factor isolated from human serum. 
Subsequently, PDGF has been purified from plate- 
let-rich plasma [28,29]. and the properties of these 
preparations were also similar to those obtained from 
human serum and platelets. The molecular weight 
of unreduced PDGF was estimated at 32,000-35,000. 
Upon reduction, the molecular weight appeared to 
be between 12,000 and 18,000, suggesting that bio- 
logically active. unreduced PDGF consists of two 
polypeptide chains (29-311. The amino-terminal 
amino acid sequence of human PDGF provided addi- 
tional evidence that it consists of two homologous 
polypeptide chains linked together by disulfide bonds 

[Ibl. 
Recent studies have demonstrated the presence 

of multiple molecular weight forms of biologically 
active. unreduced PDGF obtained from platelets 
[30] or from platelet-rich plasma [28,29]. The two 
predominant forms. named PDGF-I and PDGF-II, 
have molecular weights of about 35,000 and 32,000 
respectively. It appears that PDGF-II derives from 
PDGF-I by partial proteolysis which occurs during 
the outdating of platelets or during their handling 
and fractionation. Amino acid sequence data indi- 
cate that the amino-terminal regions of PDGF-I and 
II are similar [lo]. 

Production of pure PDGF is limited by the small 
amounts present in platelets, and by heavy losses 
during the complicated process of fractionation. 
Initial yields of purified PDGF obtained from 
500 units of platelets. representing 250 liters of 
human blood. amounted to between 20 and 100,ug 
[4,27]. Improved procedures allowed better recov- 
eries but, even so. in order to accumulate adequate 
amounts for physiological and structural studies it 
was necessary to fractionate tens of thousands of 
clinically outdated human platelet units. 

Amino-terminal amino acid sequence of PDGF 

The successful elucidation of the amino-terminal 
amino acid sequence of PDGF was accomplished in 
collaboration with M. W. Hunkapiller of Caltech 
(101. The sequence data demonstrated that PDGF 
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consists of two homologous polypeptide chains 
(PDGF-1 and PDGF-2) linked together by disultide 
bonds. Additional sequence was obtained by cyan- 
ogen bromide fragmentation [h]. The accurac! of 
the sequence data was verified by the subscqurnt 
important discovery of the near identity of PDc;F’-7 
sequence with that of the transforming protein of the 
simian sarcoma virus [6]. 

The sequence analysis of pure PDGF was hmited 
by the low amounts available. Standard laboratory 
procedures for sequencing required amounts far in 
excess of supply. The development of a micro- 
sequenator at Caltech [32] made it possible to idcn- 
tify the amino-terminal amino acid sequence ot 
PDGF using 100-300 pmoles of pure. biologically 
active, unreduced PDGF and of its biologicallv inac- 
tive reduced-alkylated products. Interpretation of 
the sequence data proved to be extremely com- 
plicated by overlapping sequences due to partial 
degradation at the amino-terminal regions of the 
two reduced PDGF chains. The expertise of M. 
Hunkapiller was a decisive factor in the successful 
and accurate elucidation of the amino-terminal 
amino acid sequence of PDGF. IIis early con- 
munication of our sequence data also aided the 
sequence work of Waterfield et al. [Y]. 

Physiologic functions of PDGF 

Target cells for PDGF include fib&lasts 12. 31. 
arterial smooth muscle cells (2. 201, and brain glial 
cells [l. 271. The mitogenic effects of PDGF occur 
at low concentration (0.1 mM). similar to the con- 
centrations required for the action of other hormonal 
polypeptides. In addition to its mitogenic activity, 
PDGF has been shown to be a potent chemo- 
attractant for cultured fibroblasts (331. smooth 
muscle cells [34,35], and for human neutrophils and 
monocytes [36]. The effects on fibroblasts and 
smooth muscle cells appear to be specific for PDGF 
since other growth factors did not stimulate their 
migration [33,34]. 

Other functions of PDGF include its ability to 
stimulate synthesis of protein [37j. phospholipid and 
cholesterol ester [3841] and prostaglandin mol- 
ecules [42-45]; stimulation of tyrosine kinase activity 
[46-49,*]; and stimulation of amino acid transport 
[37]. In addition, it modulates receptor binding of 
several biologically important components including 
low density lipoprotein 13%401 and scrotonin 1341. 
Two functions of PDGF. one related to its possible 
role in atherosclerosis and the other to its role in the 
regulation of platelet aggregation. deserve special 
comment. The effects of PDGF on proliferation. 
migration and cholesterol ester synthesis in cultured 
arterial smooth muscle cells inspired a provocative 
hypothesis by R. Ross and associates [50. _‘I] for its 
role in atherogenesis. This hypothesis assumes that 
delivery of PDGF by platelets at the site of vascular 
injury initiate5 events involving vascular cell niigra- 
tion and proliferation leading to restoration of intact 
vascular morphology. Among those events are the 
migration and proliferation into the intima of arterial 
smooth muscle cells. It is suggested that subsequent 
formation of connective matrix bv the proliferated 
smooth muscle and deposition of hpids both within 
the cells and in the connective tissue surrounding 
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them may, under certain conditions, lead to the 
fibrous plaque which characterizes atherosclerosis. 

The possible role of PDGF in the regulation of 
platelet aggregation derives from studies demon- 
strating that this growth factor is a potent stimulator 
of prostacyclin (PG12) synthesis by cultured arterial 
smooth muscle and endothel~al cells [43]. Prosta- 
cyclin is the most potent naturally occurring 
inhibitor of platelet aggregation. Subsequent studies 
have shown that another platelet-derived factor, ser- 
otonin. is also a potent stimulant of PGI2 production 
by arterial smooth mu&e cells but not by endothelial 
cells 1441, Addition of PDGF to cultures of smooth 
muscle cells in the presence of serotonin produced a 
striking increase in PGI2 production, far above the 
additive individual effects of serotonin or PDGF. 
This synergistic interaction was blocked by the addi- 
tion of serotonin-receptor blocking agents suggesting 
that serotonin stimulates smooth muscle prostacyclin 
synthesis through a specific receptor-mediated mech- 
anism modulated by PDGF ]44]. The selective de- 
livery of PDGF and serotonin by platelets at the site 
of vascular injury and the subsequent stimulation of 
PGI? release may provide a mechanism for protecting 
against excess accumulation of platelets and occlu- 
sive thrombosis in certain pathological conditions 
l44]‘ 

The studies described above demonstrated that 
PDGF stimulates many diverse functions in cultures 
of normal, untransformed cells. In contrast, the 
growth of viral-transformed cells was shown to be 
independent of PDGF. Extensive studies carried out 
by Scher rt al. [52] demonstrated that PDGF did not 
affect the growth of these transformed cells and that 
these cells could grow equaliy well in serum or in 
platelet-poor plasma. Similar observations were 
made for the growth requirement of the human 
osteosarcoma cells (U-2 OS) in culture [15, 161. It is 
now understood that these transformed cells release 
a variety of polypeptide growth factors in their cul- 
ture media, including PDGF-like polypeptid~s, and 
apparently this autocrine secretion of cell-produced 
growth factors substitutes for PDGF. 

Regulatiorl of cell growth by PDGF 

The major in viuo function of PDGF is to induce 
mitosis in quiescent cells such as diploid fibroblasts, 
arterial smooth muscle cells, and brain glial cells. 
This would corroborate the proposed in viuo func- 
tion of PDGF as a wound healing factor. Studies on 
the action of PDGF in cultured mouse 3T3 cells 
demonstrated that both PDGF and platelet-poor 
plasma were required for DNA replication and cell 
division (2,3,53-551. PDGF alone or platelet-poor 
plasma alone did not significantly stimulate the 
growth of the 3T3 cells in culture. The synergistic 
effects of PDGF and of other hormones present in 
plasma were required for optimal cell growth. Some 
of these hormones in plasma were shown to belong 
to the family of polypeptides with insulin-like activity 
[55]. These studies provided a new understanding of 
cell growth control. The significant finding was that 
the transition between the CQ’Gi phase of the cell 
cycle and S phase could be subdivided into two 
stages. One. called competency, is controlled by 
PDGF and allows cells to enter the GI,/GI phase of 

the cell cycle 153-551. The other, called progression, 
is controlled by factors in platelet-poor plasma which 
enable the progression of the PDGF-induced com- 
petent cells into the S phase [53-551. 

PDGF-induced competency could be achieved by 
a brief exposure of the culture cells to PDGF. This 
was demonstrated by the fact that cells exposed to 
PDGF remained competent for up to 13 hr after 
PDGF was removed [S3]. Addition of plasma to cell 
cultures pre-exposed to PDGF allowed the pro- 
gression into S phase. Similarly, cells exposed to 
PDGF under conditions of amino acid restriction 
became competent and passed through progression 
into S phase when both plasma and amino acids were 
added to cell cultures [.%I. This latter experiment 
also indicated that the classic “restriction“ point 
caused by nutrient deprivation occurs during the 
progression phase of the Go/GI to S transition [57]. 

These studies demonstrated that a transient ex- 
posure of the cultured cells to PDGF could render 
the cells competent to enter the cell cycle. This 
implies that the intracellular signals generated by the 
transient exposure to PDGF are relatively stable and 
persist after PDGF is removed. It appears that PDGF 
induces stable secondary “modulators” in its target 
cells which render them capable of responding to 
progression factors. Since RNA and protein syn- 
theses inhibitors blocked the competency response, 
it is possible to speculate that such “modulators” 
could be specific, PDGF-induced RNAs and/or 
proteins. 

The search for the identification of intracel!ular 
signals in response to PDGF-induced competency 
produced evidence for the presence of PDGF-modu- 
lated proteins and RNAs in cultured mouse 3T3 
cells. Pledger et al. [58] described the appearance of 
intracellular proteins and their presence correlated 
with the dose-response relationship for PDGF- 
stimulated DNA synthesis in these cells. These 
PDGF-induced proteins may serve as secondary 
moduIators of the competency response. However, 
their functional role during competency, if any, is 
unknown. Cochran et al. [59] suggested that PDGF- 
induced RNAs are responsible for mediating the 
competency response. These studies demonstrated 
that PDGF was capable of inducing a significant 
increase in mRNA complementary to clones hybrid- 
izing with cDNA from PDGF-treated cells, but not 
with cDNA from quiescent cells. The primary trans- 
lation products of two hybrid-selected mRNAs were 
two polypeptides with molecular weights of 10.000 
and 18,000. These molecular weights did not cor- 
respond to those of the PDGF-induced proteins 
described above [58]. 

Recently, Kelly eral. [60] reported some intriguing 
results indicating that several growth factors, includ- 
ing PDGF, can induce c-myc mRNA. The con- 
centration of c-myc mRNA was induced about 40- 
fold by PDGF in cultures of 3T3 fibroblasts [60]. 
This effect was observed within 3 hr of the addition 
of PDGF to the quiescent 3T3 cultures. The pos- 
sibility was suggested that c-myc is involved in the 
progression of cells through the cell cycle. The 
transmitter of the PDGF signal for the induction of 
c-myc mRNA was suggested to represent a labile 
protein. Identification of the signals preceding c-myc 
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mRNA induction by PDGF and of the post-induction 
events leading to DNA replication will greatly con- 
tribute to the understanding of the role of c-myc in 
the regulation of cellular growth. 

Early euents associated with PDGF action 

The following two events are associated with the 
initial action of PDGF: (a) binding to specific cell 
membrane receptors in target cells in culture, and 
(b) ability to stimulate tyrosine-specific kinases 
capable of phosphorylating cell membrane and 
cellular proteins at tyrosine residues. 

Receptor binding has been recognized as the 
earliest event in the action of biologically active 
ligands. The presence of PDGF receptors has been 
demonstrated in target cells, such as cultured fibro- 
blasts, glial cells, and arterial smooth muscle cells 
[61-651. The binding of PDGF was shown to be 
temperature dependent. At 37” the bound PDGF is 
internalized and degraded with a half-life of 1-3 hr. 
The PDGF-receptor complexes appear to cluster at 
coated pits on the cell surface [66] and are inter- 
nalized via the endosome pathway. 

Unlike normal cells. transformed cells. such as 
human osteosarcoma cells, producing PDGF-like 
polypeptides did not exhibit a significant number 
of PDGF receptors [15, 161. SSV-transformed NRK 
fibroblast contained a significantly lower number of 
PDGF receptors compared to normal untransformed 
NRK cells [13]. A possible explanation for the sig- 
nificantly lower number of PDGF receptors in these 
transformed cells is based on the assumption of satu- 
ration binding and/or of a state of “down regulation” 
of the receptor caused from the sustained secretion 
of PDGF-like polypeptides by the transformed cells. 
On the other hand. it is possible that the low number 
of receptors in the transformed cells indicates an 
“atrophy,” in receptor production, if the PDGF-like 
polypeptldes elaborated by the transformed cells 
express their function intracellularly, by-passing the 
need for extracellular membrane receptor binding. 
However. evidence for intracellular action of PDGF 
is missing. 

Phosphorylation of cell membrane proteins involv- 
ing tyrosine specific kinases has been implicated in 
the control of cell proliferation by both polypeptide 
growth factors and the transformation-specific pro- 
teins which are the products of several retrovirus 
oncogenes [67]. PDGF has been shown to stimulate 
kinases capable of phosphorylating cell membrane 
and cellular proteins at tyrosine residues [49-51.*]. 
The target protein in membranes of human fibro- 
blasts appears to have a molecular weight of about 
185.000. There is only indirect evidence that the 
PDGF-dependent kinase activity resides in the 
PDGF-receptor molecule. This has been demon- 
strated previously for the EGF [68] and insulin 
receptors [69] which were shown to be auto- 
phosphorylated. 

In considering the early events of PDGF action in 
normal cells. one must keep in mind that both PDGF- 
receptor binding and PDGF-induced phosphoryl- 
ation occur within a few minutes of exposure of 
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PDGF to cell cultures. However. DNA synthesis. 
stimulated by the action of PDGF. commences 12- 
15 hr later. Thus, there is a significant time interval 
between the initial events and the expression of 
PDGF action. Elucidation of the intracellular signals 
induced by PDGF and the sequence of events leading 
to DNA replication will constitute a major con- 
tribution in our understanding of the mechanisms 
involved in PDGF-induced mitogenesis. 

PDGF and the transforming protein of the >imiurl 
Farcorm virus derive from the ~arne gene(s) 

Elucidation of the amino-terminal amino acid 
sequence of human PDGF [lo] precipitated the 
discovery of its identity with the transforming gene 
product of the simian sarcoma virus 16. 91. This retro- 
virus was initially isolated from a fibrosarcoma of a 
woolly monkey. and it is the only sarcoma virus of 
primate origin [70]. Characterization of its genome 
has localized its transforming gene to its cell-derived 
one Yequence. v-s& [71.72]. The v-.ris has been 
sequenced by Devare et al. [7]. and its 28.000 mol- 
ecular weight transforming protein product (~28”‘) 
has been identified by immunoprecipitation with 
antisera prepared against synthetic polypeptides cor- 
responding to its amino terminal and carboxyl ter- 
minal regions [8]. Computer analysis revealed a near 
identity between the sequence of the PDGF-2 chain 
and the SSV one gene product. ~28’~’ 161. 

The SSV olzc gene codes for a protein consisting 
of 226 amino acid residues. The region corresponding 
to PDGF starts at the serine residue in position 67. 
which follows a double basic (Lys-Arg) sequence at 
positions 65-66 (61. This appears to be the processing 
point yielding a polypeptide of 160 residues with a 
molecular size of 18.056 daltons. essentially the same 
size estimated for the PDGF-2 chain on the basis of 
sodium dodecyl sulfate-polyacrylamide gel elcc- 
trophoresis [IO]. However. the SSV ow gene codes 
only for one chain (PDGF-2) of the PDGF poly- 
peptide. It was important. therefore. to establish 
whether the one gene product was functioning as 
a single polypeptide chain or in a conformational 
manner similar to the dimeric formation of bio- 
logically active PDGF. This important question has 
been resolved recently by the demonstration that. in 
SSV-transformed cells. ~28”” undergoes a series of 
discrete processing steps including dimer formation 
and proteolytic cleavage to yield molecules struc- 
turally and immunologically resembling the disulfide 
linked dimeric forms of PDGF (1 I]. More recent 
studies have shown that this processed product is 
secreted by SSV-transformed fibroblasts into their 
culture media in a biologically active form which is 
recognized by PDGF antisera [ 131. Its properties and 
biologic activities are identical to those of PDGF. It 
is heat-stable (100” for 10 min). and it is inactivated 
by reducing agents. Under nonreducing conditions 
its molecular weight was estimated at about 34,000 
and after reduction at about 17.000. These properties 
are similar to those of biologically active PDGF and 
consistent with a disulfide linked dimeric form. 

These studies established conclusively that the bio- 
logically active SSV one gene product is a homo- 
dimer. consisting of two PDGF-2 chains linked 
together by disultide bonds. Its immunologic reac- 
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tivity and biologic properties are identical to those 
of PDGF. 

PDGF and malignant transformation 

The findings described above provided the missing 
link for the understanding of the mechanism of cell 
transformation induced by the one gene of the simian 
sarcoma virus. This one gene, v-sis, was shown to 
encode a PDGF-like polypeptide which is a potent 
mitogen for fibroblasts, arterial smooth muscle cells, 
and glial cells. Activation of sis transcription may 
cause the sustained abnormal proliferation of cells 
responsive to the mitogenic effects of the PDGF-like 
molecule. 

S&-related messenger RNAs have been demon- 
strated in human tumors of mesenhymal origin, such 
as glioblastoma, osteosarcoma and fibrosarcoma 
[ 141. In some human T-cell leukemia virus (HTLV)- 
infected cell lines, s&related mRNAs were also 
detected [ 141. The presence of mitogenic PDGF-like 
polypeptides has been demonstrated in the con- 
ditioned media and in the cell lysates of cultured 
human malignant cells of mesenhymal origin. Heldin 
et al. [15] initially described the presence of PDGF- 
like polypeptides in cultures of human osteosarcoma 
cells. These observations were confirmed and 
extended by Graves et al. 1161. More recently, 
PDGF-like mitogen have been identified in the 
media of cultured human glioblastoma cells [ 171 and 
in the lysates and in cultured media of human glio- 
blastoma and fibrosarcoma cells (Pantazis et al., 
unpublished data). Immunoprecipitation with PDGF 
antisera of metabolically labeled lysates and cultured 
media derived from human osteosarcoma, glio- 
blastoma and fibrosarcoma cell lines have demon- 
strated the biosynthesis, processing and release of 
PDGF-like polypeptides by the malignant cells 
(Owen et al. and Pantazis et al., unpublished data). 
Similar observations were made in certain human 
HTLV-infected cells (Salahuddin et al. and Pantazis 
et al., unpublished data). Recently, a cDNA library 
has been prepared from mRNA isolated from human 
osteosarcoma cells (U-205). One of the members of 
the cosmid library which hybridizes with a v-sis probe 
has been sequenced and found to code for a peptide 
which is over 90% homologous with the predicted 
carboxyl-terminal region of the v-sis product 
(Tempst et al., unpublished data). 

The findings described above are consistent with 
the suggestion that sis-activation might be involved 
in the process leading normal cells of certain types 
towards malignancy. 

General comments 

Studies on PDGF described here represent the 
collective effort of several teams of investigators 
over the past 10 years. These studies produced an 
abundance of information concerning the nature and 
structure of PDGF; its role in cell growth; and its 
diverse functions affecting cell migration, metabolic 
processes and receptor modulation. This work also 
led to an important discovery linking this potent 
mitogen to the transforming protein of the simian 
sarcoma virus, providing a basis for the under- 
standing of the processes involved in transformation 
induced by the SSV one gene. There are many ques- 

tions yet to be answered. For example, PDGF has 
been localized in the a-granules of platelets. It is 
hypothesized that it is synthesized in mega- 
karyocytes, but evidence for this is lacking. The 
action of PDGF is associated with its transient 
exposure to cultured fibroblast making these cells 
competent to enter the cell cycle. The intracellular 
events between PDGF-induced competency and 
DNA replication are still unknown. Progress is being 
made in relating selective intracellular protein syn- 
thesis and RNA to this process. PDGF-induced c- 
myc mRNAs in cells made competent by PDGF has 
attracted attention because for the first time there is a 
connection between PDGF and oncogene activation. 
PDGF appears to initiate its action through binding 
to its specific membrane receptor. This mechanism is 
valid in normal, untransformed cells. In transformed 
cells that produce and process PDGF-like mitogen, 
the action of PDGF may involve a direct intracellular 
signal without a need for prior secretion and mem- 
brane receptor binding. This information is impor- 
tant in developing a strategy for the control of the 
transforming one gene. The biologically active pro- 
cessed product of the SSV transforming gene has 
been identified as the disulfide linked homodimer of 
the PDGF-2 chain. It is possible that other onc- 
gene(s) code for the homodimer of the PDGF-1 
chain which has been shown to share about 50% 
homology with the PDGF-2 chain. The mechanisms 
involved in sis-activation and the role of the other 
oncogenes and/or “carcinogens” in these processes 
remain to be explored. 

These are examples of some of the basic issues 
that require further investigation. The first 10 years 
of PDGF research were productive. In the next 
10 years, with young investigators joining the old 

teams, progress on PDGF will be spectacular. 
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