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ABRSTRACT

The c-sis gerne encodes the B polypeptide chain of platelet-
derived growth factor (PDGF), and is expressed in a nrnumber of
rnormal and pathological conditions. In order toc study the control
of synthesis of the human c-sis product, we have initiated a study
of two regions of this genetic locus which regulate transcription
and translation. A clone of the 5 portion of the gene was
obtained which included 1361 rucleotides upstream of the RNA
initiation site. Transcriptional promoter activity of this region
was demonstrated in normal and transformed cells using a plasmid
to an indicatcr gene, chloramphenicol acetyl transferase.
Experiments were also performed to identify other possible
regulatory regions of the c-sis gene. These data demonstrated
that a portion of the c—-sis first exon ercoding the 5' untrans-—
lated region of the c—sis mRNA inhibited synthesis of the PDGF B

product in vitro. These results define regions of the c—sis gene

whose activity may be important in the regulation of transcription
and translatiorn under rnormal conditions and in the pathogenesis
several humarn diseases.

INTRODUCTION

Human platelet—-derived growth factor (PDGF) is a 30 kilo—
dalton (kd) heat-stable, cationic glycoprotein initially identi-
fied in platelets (see references 1-6 for reviews). It accounts
for most of the mitogenic activity in human serum for fibroblasts,
and may play an important role in mesenchymal cell growth both
during embrycgenesis and in wound repair (7). Endothelial cells
(8), macrophages (3, and smooth muscle cells (10,11) also
produce PDGF—-like proteins. ARAltered c-sis expression by any of
these cell types may change the amount or composition of the
secreted mitogern and play an important role in pathophysioleogic
processes such as inflammation, thrombosis, and atherosclerosis.

PDGF is composed of structurally related A and B polypeptide

chains each of which may form a homodimer with mitogenic action
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(12-15) . ** The PDGF B polypeptide is ercoded by the c-sis
proto—oncogene, the cellular homologue of the ancogene transduced
by both the simian sarcoma virus and Parcdi-Irgernes feline sarcoma
virus (16-23). This gene has been mapped to the qli-qter region
of human chromosome 22 (24,25). The PDGF A polypeptide has been
mapped to region pter—-q22 of human chromosome 73 it has ro
homology to previously identified transforming gevies (26).

The c—-sis gene is transcriptionally active in several normal
cell ¢types as well as in a number of transformed cell lires.
Although not expressed in most normal cells (4), transcripts have
been identified in developing placenta (27), cultured endothelial
cells (8,30,31), activated monccytes (9), and some smooth muscle
cells (10,11). This restricted tissue specificity suggests that
the c—-sis gene may contain structural elements that are required
for efficient cell-specific trarscription. C-sis mRNAs have alsa
been identified in a number of malignant cell types of glial and
neural origin ((32,33), sarcomas (32,34,35), melanomas (36), and
human T-lymphotropic virus type I (HTLV-I) transformed cells
(37). The role of c-sis transcription in tumorigenesis, however,
remains to be defined. A c-sis cDNA isclated from an HTLV-I
infected lymphoid cell line was capable of transforming murine NIH
3T3 cells which gave rise to tumors in syngeneic mice (38). The
predicted amirio acid sequence of the PDGF B pclypetide encaded by
this cDNA was identical to that derived from normal cells,
suggesting that quantitative rather than qualitative alterations
are important for the transforming phenotype (28-30). Thus, the
level of c-sis mMRNA may be an important determinant of the level
of growth factor expression. Regulation may occur at the levels
of transcription, processing, or degradation of c-sis mRNA.
Furthermore, additional contraol at translaticnal levels is not
excluded by these findings. To explore these possibilities, we
have cloned the 5 portion of the human c-sis gene and have

utilized these sequences to examine their role in the regulation

of transcription and translation.

*#* The terminology of Westermark and colleagues as well as Ross
and collaborators has been_adopted for the designation of PDGF
polypeptide chains  (2,4,13,26,27). This is opposite to that
described in ref. 3,21,28,25.
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MATERIALS_AND_METHODS

Cell Lines

HOS, HT1080, and SKES cells were obtained from the ATCC.
A172 cells were provided by A. Fisher (National Cancer Institute,
Bethesda, Maryland). Bovine aortic endothelial cells (BAEC) were
cultured from calf thoracic aortas as previously described (39)
and generously provided by M. Gimbrone (Harvard University,
Boston, Massachusetts).

Recombinant DNA_Clones

High molecular weight DNA was extracted from peripheral blood
moncnuclear cells of a normal human donor, and partially digested
with Mbo I (40). The sample was size—fractionated by sucrose
gradient centrifugation and cloned in the Bam HI arms of bacterio-
phage J1, provided by 6. Shaw (U. of Alabama, Birmingham). The
recombinant phage library was screened with a probe derived from a
c—sis CcDNA clone corresponding to nucleotides 47-779 of exon 1
(30). A single positive plaque was identified after screening
400,000 plaques and the phage clone was designated A\SIS-A. A
restriction map was generated using the exon 1 probe described
above, as well as probes corresponding to exons 1-7 derived from
the Sac I1 - Sac I fragment of plasmid pSM1 (29), and exons 3-S5
derived from the Bam HI fragment of plasmid L33-M (21), a bac-
teriophage J1 DNA probe, and a probe from total DNAR from the same
sample used for cloning.

The 5 2.0 kilobases (kb) of the ASIS—-A insert was subcloned
into the Bam HI site of SP65 (Promega Scientific) and designated
pSIS—1. All nucleotides of the pSIS—-1 insert were sequenced at
least once on each strand by the partial chemical cleavage method
(41).

Primer Extension Mapping of _the c-sis Transcriptional Initiation
Sit

A 121 base pair (bp) primer (nucleotides 33-153, Fig. 2) was
made by digesting 30 g of pSIS-1 with Bss HII, labeling with 10 U
T4 polynucleotide kinase and 300 u4Ci 32P- Y —-ATP (7000 Ci/mmole),
and subsequent digestion with Pst I. The primer was isclated by
polyacrylamide gel electrophoresis. 50,000 cpm of primer was
mixed with 5 g of poly A(+) RNA from HOS cells, S or 50 ug of
poly A{(+) RNA from A172 cells, or 12,800 cpm of primer was mixed
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with no RNAR, in 40 mM PIPES, pH 6.4, 400 mM NaCl, 1 mM ethylene
diamine tetraacetic acid (EDTA), 80% (vol/vol) formamide. The
samples were heated at 90 degrees C for 10 minutes and then
incubated at 64 degrees C for 3 hrs. A 185 bp double-stranded Bss
HII fragment (nucleotides 170-354) was included in the primer
preparation as an internal size marker for the gels. Under these
hybridization conditions, nucleotides 170-334 did not hybridize to
c—sis mRNA. Samples were ethanol precipitated and extended with
90 U of avian myeloblastosis reverse transcriptase (BRL) as
previously described (42). Samples were denatured and electro-
phoresed on a 7 M urea, S5S* (wt/vol) polyacrylamide gel. Partial
chemical cleavage products electrophoresed in parallel were used

as size markers.

Measurements of Transcriptional Promcter Activity

Plasmids used for this analysis were constructed as follows.
Plasmid pSVO-CAT (43) was digested with Bam HI, blunt—-ended with
Klenow fragment of E. coli DNA polymerase I, and then digested
with Hind III (Fig. 3). The 1.7 kb fragment with CAT and SV40
polyadenylation sequences was ligated to Bam HI and Pvu II
digested SP65S, yielding SP65-CAT3. The 403 bp Pst I fragment of
pSIS—-1 (nucleotides -366 to 37) was cloned into the Pst I site of
SP6SCAT3 in the same or opposite transcriptional orientation as
the CAT gene in plasmids SIS-CAT1 and SIS-CAT2, respectively.
Plasmids used as positive controls for the analysis included
pSV2-CAT and RSV-CAT which have the CAT gene under the transcrip-
tional control of the simian virus (SV) 40 promoter or Rous
sarcoma virus (RSV) long terminal repeat sequences (LTR), respec-—
tively (43,44).

Measurements of transceriptional promoter activity were
performed by transfecting 10 ug of plasmid DNA onto 90% confluent
100 mm plates of HOS cells or 25 u«g of of plasmid DNA ontoc 80%
confluent cultures of bovine aortic endothelial cells, using
calcium phosphate precipitation (44). The HOS cells were glycerol
shocked 24 hrs after adding the DNA-calcium phosphate precipi-
tate. Cells were grown in Dulbecco’s modified Eagle’s medium
supplemented with 10% (vol/vol) fetal calf serum (Gibco), 110 mg/L
pyruvate, 100 u/ml penicillin, and 100 xg/ml streptomycin. The
HOS cells were split into 150 mm plates 24 hrs after glycerol
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shock, and were harvested 24 hrs after splitting. The endothelial
cells were simply washed 12 hrs after transfection, and harvested
36 hrs later. 20 ul of cell lysate was incubated a 180 41l
reaction in 140 mM Tris-Cl, pH 7.8, 2.4 mM acetyl CoR, 0.05
MCi 14C-chloramphenicol (33 mCi/mmole, New England Nuclear) for 45
min at 37 degrees C. Samples were extracted with ethyl acetate,
dried , arnd spotted on a Silica gel 60 thin layer chromatography
(TLC) plate. The solvent for chromatography was chloroform:metha-
nol (95:5). TLC plates were treated with Enhance spray (New
England Nuclear) and exposed to XRP-S5 xray film (Kodak) with an
intensifier screen at -70 degrees C for 16 hrs. In the HOS
experiment, individual spots were cut and counted, and the percent
14C—-chloramphenicol acetylated determined. In replicate transfec-—
tions of the same DNR sample, the standard error was less than 6%.

Several deletion clones of S'untranslated c¢c-sis sequences

were constructed for this analysis (Fig. 4). The endothelial
c-sis cDNAR clone, B2-1 comprising the B chain open reading frame
and 980 bp of S'untranslated region (30) was isclated after Eco RI
digestion and ligated to Eco RI digested SP64 (Promega Scientific,
ref. 40). This clone lacks the first 46 bp of the c-sis gene
following the RNAR initiation site, and is designated O 1-46.
Restriction enzyme sites in the multiple cloning region of SP64,
located just before the c—-sis sequences were utilized for creation
of the deletions. &1-46 was digested with either Xho I and Sal I,
Bam HI, Pst I, or Bss HII, and then religated to produce deleted
clones & 1-480, aA1-773, & 1-890, and A148-974, respectively
(deletion end-points shown in Fig. 3 and Fig. 4). The names of
In vitro transcription reactions (25 «l1) contained 2 ug of

Mst II linearized DNA template, 40 mM Tris-Cl, pH 7.5, 6 mM
magnesium chloride, 2 mM spermidine, 10 mM dithiotreitol, 100
#g/ml bovine serum albumin, 25 U RNasin (Promega Scientific), and
0.5 mM CTP, UTP, and ATP. m’GpppB was present in the reaction
mixtures at a concentration of 2.0 mM and the GTP concentration
was O.1 mM. The transcription reaction was begun by the addition
of 10 U of SPE polymerase. Following incubation for 2 hrs at 40

degrees C, 5 U RNase-free DNase I (Promega Scientific)' was added
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and the reaction continued for 30 min. at 37 degrees C. The
mixture was phenol extracted and ethanol precipitated twice with
1.0 M ammonium acetate, once with 0.15 M potassium acetate, and
washed with 70% ethanol. Aliquots of the RNAs were denatured with
2.0 M formaldehyde and S0% (vol/vol) formamide containing 0.04 M
morpholinopropanesulfonic acid, 20 mM sodium acetate, and 1 mM
EDTA (1 X MOPS) by heating at 65 degrees C for 10 min. prior to
electrophoresis on a 1.0% agarose minigel containing 1.0 M
formaldehyde and 1 X MOPS. Following electrophoresis, RNR
transcripts were visualized by eluting the formaldehyde with
distilled water prior to staining with ethidium bromide.

In vitro translation was performed with 0.5 ug of each capped
transcript in a 60 min. reaction at 25 degrees C in 30 ul of a
micrococcal nuclease-treated wheat germ cell-free translation
system (Bethesda Research Laboratories) containing 100 mM potas—
sium, 2.0 mM magnesium, 30 #Ci 35S-methionine (800 Ci/mmole), and
8 U of RNasin (Promega Scientific) according to the manufacturer’s
recommendat ions. Peptidyl—-tRNAs were removed following the
incubation period by treating the translation products with RNase
A (200 x«g/ml) at 25 degrees C, for 10 min. The incubation
mixtures were precipitated with 10X (wt/vol) trichloracetic acid
(TCA), washed twice with S% (wt/vol) TCAR, solubilized in Laemmli
sample buffer (0.125 M Tris-Cl, pH 6.8, 2% (wt/vol) SDS, 0.7 M
2-mercaptoethancl, 10% (vol/vol) glycercl, and 0.04% (wt/vol)
bromphenol blue), and analyzed on a 10-15% (wt/vol) gradient SDS

polyacrylamide gel, prior to processing by autoradiography.

RESULTS

A recombinant phage clone, ASIS-A, was obtained which
includes the S5' portion of the human c-sis gene and 1361 base
pairs (bp) upstream of the RNA initiation site. This clone also
includes exons 1-4 and overlaps with a previously described normal
human genomic clone, 233 with c-sis exons 2-7 (21). The latter
clone includes all portions of the human genome which are homo-—
logous to v-sis. These two clones completely define the c-sis

gene.

The S5' portion of ASIS—-A was subcloned and designated pSIS-1.
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Fig. 1. Primer extension mapping of the c-sis transcriptional

initiation site. A 121 nucleotide primer (nucleotides 33-153) was
armealed with poly A(+) RNR from the indicated sources or with no
RNA, as described in the Materials and Methods section. Samples
were extended with reverse transcriptase and electrophoresed on a
denaturing polyacrylamide gel. Partial chemical cleavage products
electrophoresed in parallel were used as size markers. Two 185
nucleotide fragments were included in the samples as size mar-—
kers. At the bottom of the figure is shown the nucleotide
positions, relevant restriction enzyme sites in pSIS-1, and the
DNA fragments labeled at the end indicated by an asterisk which
were used as primer and internal size marker.
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This subclone was used to define the c—sis RNR initiation site
(Fig. 1). For this experiment, an end-labeled (-) strand 121 bp
DNA fragment was generated by digestion of pSIS—-1 with Bss HII and
Pst I. This fragment was annealed with poly ARA(+) RNA from the
human osteogenic sarcoma cell line, HOS, or the glicblastoma cell
line, A172. The annealed DNA fragment was extended with reverse
transcriptase and the size of the extended products determined by
denaturing polyacrylamide gel electrophoresis in comparison to
partial chemical cleavage products from a DNA fragment labeled at
the same Bss HII site. Two labeled 185 nucleotide fragments were
included as internal size wmarkers for this analysis. A single
extended product of 133 nucleotides was identified in each
reaction. Evidence that this extended product denotes the RNA
initiation site is: a) the identical size of the extended
products obtained using either HOS or A172 poly A(+) RNA, b) the
increased intensity of the band for the 153 nucleotide fragment
after ammealing with S0 ug of A172 poly A(+) RNA compared to 5.0
sg poly A(+) RNA, and c) the lack of a band for a DNA fragment of
this size when performing the experiment in the absence of RNA.
The CAP site is only 46 bp upstream of the S'terminus of a

previously characterized c—sis cDNA (30).

The structure of the insert in pSIS-1 was determined by
nucleotide sequencing and is presented in Fig. 2. The RNR ini-
tiation site is preceded by a TATA box at position -10 to -7.
No sequence consistent with the CCAAT consensus sequence (45) was

identified upstream of the c-sis RNR initiation site, similar to

that found in many other eukaryotic promoters. Located at -220

to 211 is a decanucleotide sequence which is identical to the Spil

Fig. 2. Sequences surrounding the c-sis transcriptional initiation
site. The sequence of the pSIS-1 insert (nucleotides - 1373 to
779) and downstream sequences of exon 1 as derived from the B2-1
cDNR clone (nucleotides 779 to 1026, ref. 30) are shown. Nucleo—
tide positions are shownn to the right of each line, and position
+1 corresponds to the c-sis CAP site. Above each 1line of se-
quences are indicated a dot for every ternth nucleotide and
restriction enzyme sites relevant to the analyses shown in Fig. 1,
3, and 4. The deletion end-points of the clones used in Fig. 4
are alsco showrni above the sequence lires. The three ATG codons
upstream of the authentic ATG initiating the B chain open reading
frame are urnderlined.
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binding consensus sequerice (G/T) (G/R)GBCG(G/T) (G/R) (G/A) (C/T)
(46); a similar sequence is laocated on the minus strand of
the B chain praomoter located at positionn —128 to -119. In this
same regicrn of the plus strand is the sequence CCGCCC. This
sequence is repeated six times in the 21 bp repeats in the SV40
early promoter. tLocated at position —435 is a purine-rich region
containing the sequerice GGRAAGTGA. This sequerce is identical to
the consensus sequernce in the adenovirus Ela enhancer (47) and is
also found in the S' flanking sequences of the aderncovirus major
late protein gene, polyoma virus early gene, avian sarcoma virus,
Friend spleern focus—forming virus, and mouse mammary tumor virus
LTRs, and human &, andlﬂ —interferon genes (47,48). The longest
direct repeat sequences preceding the RNA initiation site are
fournd at positicons —1317 to —1304 and -1298 to -1285. No lang
regions of purine-pyrimidine asymmetry which may farm a Z-DNA
structure are found.

The structure of sequences preceding the RNA initiation site
in the c-sis gene in cells expressing c-sis trarnscripts (HTLV-I
infected lymphoid, HOS and HT1080 sarcama, and A172 glioblastoma
cell lines) was compared to that of cells in which the gere is
transcriptionally inactive (SKES sarcoma cell lire and rion—acti-
vated peripheral bloaod mornonuclear cells). This was dore by
Scauthern blot hybridization using a probe complementary to nuclec—
tides 1019 - 1068. Rearrarngements or amplificatiorn of the c-sis
gerie were not detected irn these samples which were examined after
digestion with Hind 111, BEst EII, or several other restriction
enzymes (data rnot showr).

The region upstream of the RNARA start site was alsca tested for
transcriptional pramater activity. The 403 bp Pst I fragment
(nuclecatides —-366 tc +37) was clored intc the Fst I site of the
plasmid SF6S-CATS3, S to the bacterial chleoramphenical acetyl-
transferase (CAT) gere in the correct and irncorrect trarnscrip-
tional orientatiors in plasmids SIS-CAT1 and SIS-CAT2, respec-—
tively (Fig. 3a).

Transfection of SIS-CATI intca HOS cells resulted inn CAT
activity in the cell extracts which gave rise ta 14.5% canversion

of 14C-chlcramphernical to 1ts acetylated metabcolites (Fig. 3b).
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Fig. 3. Transcriptional praomcter activity of the c-sis gene. al
The methad of canstructiorn of plasmids SIS-CAT1 and SIS-CAT2 with
the c-sis sequerces in the same or oppocsite transcripticnal
orientation relative ta the CAT gerie, respectively, is shownr.
Details are provided in the Materials arnd Methods section. The
positions of the restriction enzyme sites in the drawing are
approximate. Abbreviations include Bam HI (B), Hind III (H), Pst
I P, and Pvu 1II (V). b) Measurements of transcriptional
activity of c-sis plasmids in HOS cells. The plasmid DNA used
in each case is indicated, and the experimental details are
provided in the Materials and Methods section. The position of
unacetylated chloramphenicaol is at the bottom, and 1- and 3-acetyl
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below the corresponding picture of the autoradicgraph. c)
Measurements of transcriptional promoter activity in endothelial
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Materials and Methods section. The name «f the clore designates
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right side of the figure indicate the expected size in rucleotides
of the full-length transciripts produced by SPE& polymerase during
in vitro transcripticon from the polymerase recognition site.
The pasitions of relevant restriction ermzyme sites in clone al-46
are shown at the top of the figure, as well as the position of the
PDGF B open reading frame initiated from the fourth ATG codon in
the sequence. The positions of the first three ATG codons are
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indicated by solid triangles. b) Size analysis of SP&6/c-sis
transcripts. In vitro transcription was performed as described in
the Materials and Methods section. An aliquot of each trar—

script was electrophoresed on a denaturing agarose gel and stairned
with ethidium bromide. The first larne shows 2885 and 185 rRNA
species, and the remaining 1lanes show the products using the
indicated templates. c) In vitre translation of SP/c-sis tran—
scripts. Each transcript was translated in a wheat germ extract
as described in the Materials and Methods section. The labeled
products were reduced and analyzed on a polyacrylamide gel,
prior to processing by autoradiography. The first lane shows the
reaction products irn the absence of excgencus mRNA. The last lane

shows the products using globin mRNA. The other lanes show the
protein products using capped transcripts from each of the
indicated templates. The position of migration of carbonic

anhydrase (29 kd) is indicated.

This was infericr to the transcripticnal activity of pSV2-CRT
which utilizes a simian virus 40 promoter, and RSV-CAT which
utilizes the Rous sarcoma virus long terminal repeat sequernce
(LTR) as a transcriptional promcter. However, the activity was
significantly greater thar that seen with SPE6S-CAT3 which lacks a
eukaryotic transcriptional promoter,; or SIS-CAT2 in which the
gene. SIS-CAT1 has alsc been found to have transcriptional
promoter activity in normal cultured endothelial cells (Fig. 3c),
but not in human dermal fibroblasts (our unpublished observa-
tions).

Sequences_located__3' _of_ _the c-sis _RNA_initiation_ _site: The S'

The position of the RNA initiation site delirieates the size
of exon 1 as 1088 bp. The fourth ATG ccdon is the likely initia-
tion codon for PDGF polypeptide chain B, and precedes the long
apen reading frame predicted by the c-—sis sequences (30). There
are three upstream ATG codons in exon 1 at nuclectide positions
Sas, 757, and 874 (Fig. 2). These RTG sequences initiate open
reading frames of 5, 10, and 12 codorns, respectively. The
sequernces surrounding all four of the ATG codons wmatch the
consensus signal for translational initiation pocrly (43).

The S’ untranslated region contains 4 copies of a 7 bp
imperfect tandem repeat sequernce (riuclectides 241-268), and a
polypurive tract of 23 residues (rnuclectides 175-138). The 57

uritranslated regionn has a high averall 6 + C cantent (70%). In
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the area immediately upstream of the FDGF coding region, the G + C
caritent ircreases ta 895%. The high G + C cantent suggests that
the FPDGF R chain 5’ untranslated regiorn may have considerable
secandary structure in vivo.

To determine the effect of the c-sis S’ untrarnslated region

on translaticn efficiency in vitra, the endcocthelial c—-sis cDNA
clone B2-1 (30) was transferred ta the vector SP64. This plasmid
contains the bactericphage SF6 promoter sequerice directly upstream
of a multiple restriction enzyme site clarning regicrn, and has been
utilized toc gerierate functioral wmRNAs far in vitroa translation.

C-sis RNA transcripts were synthesized with SFE polymerase fraom
plasmids linearized with the restriction erizyme Mst II (Fig. 4a).
We chose Mst 11 because a) it uniquely cleaves all of the deleticon
conistructions at the same location 330 bp downstream fram the R
chairn open reading frame termination codon, and b) it generates 35’
protruding ends which give the least amcount of spuricus transcrip-
tion. The CAP analogue 7-methylguarosine triphospoguanosine,
m7GpppG,; was included in the transcription mixtures. The expected
sizes of the full length transcripts gernerated from the constructs
are indicated in Fig. 4a. Size analysis of the in vitro synthe-
sized transcripts on denaturing agarose gels show that for each
construction acnly one species was produced and that the tran—
scripts synthesized were full length (Fig. 4b).

The relative trarmslational efficiencies of capped transcripts
synthesized 1in vitro were determined by tranmslation in a wheat
germ cell-free system, and analysis of the reduced praducts was by
sadium dodecyl palyacrylamide gel eiectrophoresis (Fig. 4c).
Translatiorn of the PDGF R chairn opern reading frame shculd give
rise tao a 8 kd polypeptide (28). The first lane shaows the
translation products in the absence of added mRNAR, and the next
five larnes show the trarnslation praducts of the transcripts from
the deleticri constructiaons, A 1-46, A 1-480, A L1773, A 1-830,
and A 148974, Transcripts from constructions A1-46 and A1-480
were essertially not translated. The transcript from &1-773
generates abocut ter—fald less 28 kd polypeptide than that from
constructs containing larger deletions, A 1-890 and H148-374,
Thus, the c-sis S’untranslated region inhibits translation of the

PDGF B chain open reading frame in vitro, and inhibition is

decreased by deletion in the 5’ untranslated region.
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Discussion

The c-sis gene encodes the B polypeptide chain of PDGF.
There is considerable evidence suggesting a role for this protein
in mnormal developmert of mesencymal tissues, wourd repair,
chemotaxis, vasoconstriction, atheraosclerosis, and tumorigenesis
(reviewed in ref. 4). Most data suggests that transcriptional
caritrol of the c—-sis gerne is the major point of regulation of the
expression of PDGF chain B, though one can not fully exclude a
possible rale for post-transcriptional events. Thus, to elucidate
the molecular details involved in these physiological processes, a
study of transcripticnal and translational regulatory regions of

The work described here together with previous studies of
c-sis gernomic and cDNA sequences (16,:21,28,30,50) provides a
comprehernsive understarnding of the structure of this gene. The
c-sis gere spans 23 kb and includes seven exons. Exorn 1 includes

a long S’ untranslated region of 1026 bp, larger than that of most

other eukaryotic genes (S1). This region has a number of other
unusual structural features. First, there are four copies
of a tandemly repeated sequence of 7 bp. Second, the 5' un-—

translated region is 6 + C rich and may assume considerable
secaondary structure. Third, the 1long open reading frame which
ericodes PDGF polypeptide B is initiated by the fourth ATG codon in
the sequence (30). Though utilization of an ATG codon for
translational initiation other than the first has been shown for
several viral mRNAs (52-55) and cellular mRNAs (56-59), this

aspect of c—-sis mRNA structure remains unusual. Sequences

a closer match for the consensus signal for translational initia-
tion than are those flanking the first and third ATG codons. Se-
quences surrounding the second ATG codon are least favorable for
initiation in light of the pyrimidine at position -3 which is
predicted to have a dominant inhibitory effect. Each of the first
three ATG codons is followed by only short open reading frames.
It is alsc possible that the secondary structure of this region of
the transcript may play a role in selection of an initiator AUG
codori recognized by ribosomes (60-62). In any event, this unusual
mRNA structure may provide for post—transcriptional regulation of

the c-sis gene similar to that demonstrated in other cases
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(63-65). Thus, there appears ta be a camplex regulatory rnetwaork
contralling c-sis gerie expression. This may be impartant in
rormal physiclogic regulation as well as for the preverntiorn of
inappropriate expression of a prato-ancogene product which may
have pathcalogical cornsequerces.

The data presented here maps the RNA initiaticn site to a
urnique site. The same site was i1dentaified irn each of two c-sis
expressing cell lines, HOS and A17Z. This is wunlike the findings
of several other eukarycotic gernes ivn which multiple RNR 1nitiation
sites have beern found (66-68).

The CAP site is preceded by a TATA bax at pasiticne -10 - -7,
which is a somewhat shorter separaticn tharn is found iv most
eukaryotic genes where the TATA bax is gererally 20-30 bp fram the
RNA initiation site (45). The start site mapped here disagrees
with twc previcus reported positions forr the B chain transcrip-
tional start site at pasitions 1S5 and &1, respectively (693,
70). Premature termination of reverse trarnscripticon or  RNA
folding could account for some of the smaller primer extension and
S1 nuclease resistant products, since in all reports the start
site is unique. Two GGGCGG boxes are found in aopposite orienta-
tions at positions -128 - —-119 and —-220 - -211 relative to the RNA
start site. Though similar GGGCGG boxes are fcound in many other
eukaryotic genes (71-77), these sequences are gererally clcser to
the CAP site. We must await further analysis of transcriptional
activity of the c-sis gene in order to determirne whether these
sequences mediate bindirng of an SFPi-like proteir.

Only short direct repeat sequences are fcurnd S' to the c-sis
RNAR initiation site. The lorigest repeat sequerces identified are
14 bp in length located at pasiticons —-1317 to —-1304 and —1238 to
-1285. Irn addition, there 1is a sequerce at -435 similar to an
eriharncer found in the adernovirus Ela gere, and several other
gernes. The rcle, if any, of these sequerces in trarnscripticonal
activity fram the c-sis gere will be determirned by mutational
analysis.

Sequences within the 366 bp regicn upstream of the RNA
initiatiorn site demorstrate transcripticnal prcancter activity.

This provides further prcaf for the assigrment of the RNAR initia-

tion site. Irn addition it proavides reagents for an analysis of
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the functional rale of the individual sequence elements described
above in transcriptional activity of the c¢-sis gere. Though
activity was demonstrated for the SIS-CAT plasmid in HOS and
endothelial cells, rna attempt was made tca quantitate relative
transcriptional activity in different tissue types. Tissue
specificity of c-sis transcription, and definition of sequernces
responding ta trans regulatory factors are currently under
investigaticn.

Lastly, we have faund that sequerices irn the S'untrarislated
mRNA sequerices are capable of inhibiting the expression of the
c—sis protein  product in  vitrc. Deleticrn of a portion of these
sequerices results in a considerably higher level of translation.
The relative role of secondary structure and upstream ATG codaons
in this process remains tc be elucidated. Similar data supporting
(our unpublished data). These findings provide a framework for a
comprehensive analysis of the regulaticon of expression of the
c—sis gerie product. Such studies will 1likely be important in
understanding the pathogenesis of atherosclerosis and certain

aspects of necplastic development.

NOTE

Twa publications have appeared while this work was in
progress which describe more limited sequence data upstream of the
c—sis RNA initiation site in agreement with those reported here

69, 78).
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