Detection of c-sis Transcripts and Synthesis of PDGF-Like
Proteins by Human Osteosarcoma Cells

Abstract. Platelet-derived growth factor (PDGF) has been previously shown to be
homologous to the transforming gene of simian sarcoma virus (v-sis), and inappro-
priate expression of the cellular counterpart of the v-sis gene (c-sis) has been
implicated in the generation of mesenchymal tumors. The U-2 OS human osteosar-
coma line was shown to contain multiple c-sis transcripts. Immunoprecipitation
experiments with antiserum to PDGF identified a variety of polypeptides ranging in
size from 18,000 to 165,000 daltons that were immunoprecipitated specifically from
U-2 OS cell extracts. The osteosarcoma also was shown to secrete a 29,000-dalton
protein having the serological and structural characteristics of PDGF.

A variety of transformed cells have
been reported to produce mitogenic fac-
tors (), suggesting that the ability to
produce such factors is important in the
establishment and maintenance of trans-
formation (2). The human osteosarco-
ma-derived cell line U-2 OS elaborates
a mitogen similar to platelet-derived
growth factor (PDGF) (3) and does not
require exogenous PDGF for growth in
vitro (4). PDGF represents the major
mitogen of human serum for cells of
mesenchymal origin (5). It is stored in
the a-granules of platelets (6) and has
been purified from human serum (7),
clinically outdated blood platelets (8),
and platelet-rich plasma (9). Elucidation
of its amino-terminal amino acid se-

quence suggested that it consists of two

homologous polypeptide chains (PDGF-
1 and PDGF-2) linked by disulfide bonds
(10). PDGF shares extensive sequence
homology with p28%, the oncogene
product of the simian sarcoma virus
(SSV), an acute transforming primate
retrovirus (II). In SSV-transformed
cells, p28°* is processed into a disulfide-
linked dimer structurally similar to the
PDGF dimer, which is secreted by the
cells and is specifically immunoprecipi-
tated with antiserum to PDGF (/2). In
addition, a number of cell lines derived
from mesenchymal tumors have been
reported to contain RNA (c-sis), which
hybridizes to a v-sis DNA probe (13).
We used a DNA probe to v-sis and
antiserum to PDGF to investigate the
synthesis of PDGF-like products by U-2
OS cells. To determine whether c-sis

Fig. 1. RNA blot analysis of poly(A)* RNA
from U-2 OS and MG-63 human osteosar-
coma cells with the use of a v-sis DNA probe
(14). Poly(A)* RNA was isolated by extrac-
tion in 5M guanidinium thiocyanate and sub-
sequent oligo(dT) cellulose chromatography.
Poly(A)* RNA (5 ug) was subjected to elec-
trophoresis on a 1.2 percent agarose gel and
transferred to nitrocellulose. The filter was
then hybridized with a nick-translated Pst I
restriction fragment of simian sarcoma provi-
ral DNA, which contains the v-sis region.
(Lane A) U-2 OS; (lane B) MG-63.
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transcripts are synthesized in U-2 OS
cells, we isolated total polyadenylated
[poly(A)*] RNA from the cells and sub-
jected it to RNA blot analysis with a 32P-
labeled v-sis DNA probe (14). Two
bands corresponding to RNA species of
4.0 and 3.7 kilobases (kb) in length were
detected (Fig. 1A). Occasionally a small-
er, more diffuse band (~2.6 kb) was also
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observed. We believe that the 4.0-kb
RNA corresponds to the 4.2-kb c-sis
RNA species identified earlier in a num-
ber of human sarcomas and glioblasto-
mas (/3). Comparison of the intensity of
each c-sis RNA band to a dilution series
of a standard RNA indicated that each
cell contains 10 to 20 copies of the c-sis
transcript (data not shown). The differ-
ent sizes of the c-sis transcripts may be
due to differences in the initiation or
termination sites of RNA synthesis, dif-
ferential RNA splicing, or the expression
of different but related genes, or they
may reflect somatic mutation of one or
both alleles. The size of the transcript
and the lack of integrated proviral DNA
in the U-2 OS genome (data not shown)
make it unlikely that the hybridizing spe-
cies are derived from an SSV v-sis gene.
No c-sis RNA was detected in total
poly(A)* RNA isolated from MG-63 os-
teosarcoma cells (Fig. 1B), which do not
produce PDGF (I5).

The 4.0- and 3.7-kb RN A species have
a potential coding capacity of 130 to 150
kilodaltons (kD), which is approximately
four times the molecular size of mature
PDGF (10). Thus, it is possible that the
mature form of the PDGF-like factor is
derived from a very large precursor. To
investigate these possibilities, we labeled
U-2 OS cells with [*S]cysteine, immu-
noprecipitated cytoplasmic extracts with
antiserum to purified PDGF (16), and
analyzed the precipitate by sodium dode-
cyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) and autoradiogra-
phy (7). Proteins with molecular sizes
of 56, 34, 32, and 18 to 20 kD were
detected with antiserum to PDGF but
not with control serum on a 16 percent
polyacrylamide gel run under nonreduc-
ing conditions (Fig. 2A, lanes 1 and 2).
This experiment was repeated with 8
percent polyacrylamide gels to detect the
large forms (Fig. 2A, lanes 3 to 5). Pro-
teins with molecular sizes of 220, 210,
and 54 to 60 kD were precipitated by
antiserum to PDGF but not in the pres-
ence of excess PDGF (1 ug) or with
control serum.

Under reducing conditions, the
amounts of 210- to 220-kD species were
much lower. Instead, a prominent 165-
kD protein was precipitated in addition
to minor species of 130, 115, and 90 kD.
Precipitated material migrating in the 56-
to 62-kD range was also detected and
probably corresponded to the 54- to 60-
kD protein identified under nonreducing
conditions. Precipitation of all these spe-
cies was inhibited by the addition of
excess PDGF. The apparent shift in the
mobility of the reduced 165-kD protein
to proteins of 210- to 220-kD under non-
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reducing conditions suggests that it is
covalently associated with one or more
other proteins in its native state.

Experiments were undertaken to ana-
lyze the forms of PDGF-like polypep-
tides secreted by U-2 OS cells. Cysteine-
free minimum essential medium (MEM)
was conditioned by U-2 OS cells in the
presence of [>>S]cysteine (/8), concen-
trated, immunoprecipitated as described
(17), and analyzed on a 16 percent gel
(Fig. 2B). Under nonreducing condi-
tions, a protein with a molecular size of
approximately 200 kD and one of 29 kD
were precipitated by antiserum to PDGF
but not by control serum or in the pres-
ence of excess PDGF (Fig. 2B, lanes 1 to
3). Reduced precipitates had molecular
sizes of 110, 16, and 15 kD (lanes 4 to 6).
The 200- and 29-kD proteins present
under nonreducing conditions disap-
peared upon reduction, suggesting that
they were derived from the 110-,
16-, and 15-kD proteins, respectively. A
29-kd protein that can be reduced to a 16-
and 15-kD polypeptide is consistent with
the structure of PDGF.

To establish the specificity of the
immunoprecipitation assay, we repeated
the immunoprecipitation experiments
with isotopically labeled MG-63 cells and
GM-10 human diploid fibroblasts (Fig.
2C). No difference was detected when
the precipitation was carried out with
antiserum to PDGF or control serum.

That antiserum to PDGF cross-reacts
with biologically active factors secreted
by U-2 OS cells was confirmed by par-
tially purifying U-2 OS medium as de-
scribed (/9) and assaying it for stimula-
tion of [*H]thymidine incorporation in
3T3 cells (Table 1). The amount of
[*H]lthymidine incorporated into 3T3
cells in partially purified conditioned me-

dium was five times greater than that in .

control. Antiserum to PDGF blocked 81
percent of the mitogenic activity of this
conditioned medium.

The results indicate that the mitogenic
factor secreted by U-2 OS is PDGF.
First, U-2 OS cells were shown to pro-
duce RNA transcripts that are homolo-
gous to the c-sis proto-oncogene. The c-
sis gene has recently been shown to
encode the PDGF-2 chain (20). Also,
DNA sequence analysis of complemen-
tary DNA (cDNA) clones constructed
from U-2 OS poly(A)* RNA confirms
that the osteosarcoma contains tran-
scripts derived from the c-sis gene (21).
Second, immunoprecipitation of condi-
tioned medium from U-2 OS cells re-
vealed that they secrete a 29-kD protein
that shares antigenic determinants with
PDGF. This 29-kD protein is a disulfide-
linked dimer of 15- and 16-kD proteins,
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Table 1. Effect of antiserum to PDGF on partially purified osteosarcoma-derived growth factor.

[*H]Thymidine e
Sample incorporation Inhibition
(count/min) (percent)
CM-Sephadex preparation 127,561
+ antiserum to PDGF (1:1000) 84,155 34
+ antiserum to PDGF (1:333) 24,028 81
Control 19,462

a structural feature characteristic of
PDGF. Third, the same antiserum used
in the experiments described above
blocked the mitogenic activity of medi-
um conditioned with U-2 OS.
Precipitation of U-2 OS cell extracts
revealed several cross-reacting proteins
ranging from 18 to 20 kD up to 165 kD.
The smallest proteins (18 to 20 kD) have
an apparent size that agrees well with the
size of the reduced PDGF chains. The
165-kD protein was slightly larger than
the total coding capacity of the largest c-
sis transcript detected (approximately
150 kD), but this could be accounted for
by the presence of carbohydrate groups
on the 165-kD species. The simplest in-
terpretation of our results is that the 18-
to 20-kD polypeptides are mature forms

of PDGF chains, the 165-kD polypeptide
is a PDGF precursor, and the remaining
species represent processing intermedi-
ates. We have, however, no direct proof
that this interpretation is correct, and
alternative explanations are possible.
For example, one or more of the poly-
peptides we have identified may not
have PDGF antigenic determinants but
might be tightly associated with peptides
that do react with antiserum to PDGF
and, consequently, are precipitated to-
gether with them. Recently, it has been
shown that cell extracts treated with
antiserum to p2lras coprecipitate the
transferrin receptor with p21ras protein
(22). Alternatively, the different sizes of

- the proteins reactive with antiserum to

PDGF may reflect the multiple RNA
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Fig. 2. Inmunoprecipitation of PDGF-like peptides from U-2 OS human osteosarcoma cells.
Numbers to the right of bands denote kilodaltons. U-2 OS cells were labeled and immunopreci-
pitated as described (16). (A) Cell extracts analyzed on 16 percent gels under nonreducing
conditions after treatment with normal rabbit serum (lane 1) or antiserum to PDGF (lane 2); on
an 8 percent gel under nonreducing conditions after treatment with normal rabbit serum (lane 3),
antiserum to PDGF (lane 4), or antiserum to PDGF plus excess PDGF (lane 5); and on 8 percent
gels under reducing conditions after treatment with normal rabbit serum (lane 6), antiserum to
PDGF (lane 7), or antiserum to PDGF plus excess PDGF (lane 8). (B) Labeled medium was
prepared as described (18) and analyzed on 16 percent gels under nonreducing conditions after
exposure to normal serum (lane 1), antiserum to PDGF (lane 2), or antiserum to PDGF plus
excess PDGF (lane 3). Samples analyzed under reducing conditions were treated with normal
serum (lane 4), antiserum to PDGF (lane 5), or antiserum to PDGF plus excess PDGF (lane 6).
(C) Labeled MG-63 cell extracts treated with normal serum (lane 1) or antiserum to PDGF (lane
2) and analyzed on a 16 percent gel under nonreducing conditions. GM-10 cells, similarly
prepared, were treated with normal serum (lane 3) or antiserum to PDGF (lane 4) and analyzed
on an 8 percent gel under reducing conditions.
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species found in these cells. The com-
plete characterization of c-sis cDNA
clones, as well as experiments designed
to elucidate the precursor-product rela-
tions of the various proteins, should help
to determine the relevance of these pro-
teins to the synthesis, assembly, and
function of PDGF in U-2 OS cells.
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Functional Insertion of an Alu Type 2 (B2 SINE)
Repetitive Sequence in Murine Class I Genes

Abstract. The regulation of expression of the family of MHC (major histocompati-
bility complex) class I genes is complex. Sequence analysis has revealed that class I
genes from the H-2D subregion of the MHC (which includes the D and L genes) differ
from the class I gene from the H-2K subregion (the K gene) by the insertion of a type
2 Alu-like repetitive element (the murine B2 sequence) within the 3' noncoding region
of the D and L genes. The consequence of this insertion in the D and L genes is the
introduction of a novel polyadenylation signal, which is preferentially used over the
more distal signal, the analog of that found in the K gene. The insertion of the type 2
Alu-like sequence results in a change in the preferred site for endonucleolytic
cleavage which is necessary for generating a correct 3' terminus for polyadenylation.
The data demonstrate that the type 2 Alu-like sequence has a function; the data also
suggest a possible regulatory role of this sequence in the expression of class I genes.

About 25 to 35 class I genes have been
mapped to the major histocompatibility
complex (MHC) of different mouse
strains (/). Those class I genes located
on the centromeric side of the MHC
encode polymorphic cell-surface trans-
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plantation antigens (designated K, D,
and L) which play a critical role in induc-
ing graft rejection and in permitting cyto-
toxic T cells to distinguish self from
nonself (2). Other class I genes located in
the Qa2,3 and Tla regions on the telo-
meric side of the MHC encode structur-
ally related antigens that differ in their
tissue distribution and possibly in their
function (3).

Fig. 1. Diagram of the organization at the 3’
ends of class I ¢cDNA and genomic clones.
The ¢cDNA structures (designated p) for K¢
and L¢ were derived from pH2%4 and pH2%-
39, respectively. The genomic structures
(designated \) for K9 and L¢ were from \2.14
(23) and A\L4-DS. The noncoding region 1 is
designated NC1, the noncoding region 2 as
NC2, the poly(A) (polyadenylated) tract as
A,, and the 3’ flanking sequences as FL3'.
Analogous but nonhomologous regions are
indicated by stipples and stripes. The aster-
isks denote the TGA translational termination
codons, the arrows indicate the direct re-
peats, and the triangles identify the polyade-
nylation signals. Sequences are numbered
with reference to the nucleotide immediately
following the TGA termination codon.
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