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ABSTRACT 
We have isolated and characterized genomic clones of the 5' region of the human PDGF 

A-chain gene. The putative "TATAA" box was identified 876 bp upstream of the translation 
initiation site. A significant number of potential regulatory elements were identified in DNA 
sequences upstream of the "TATAA" box and were also found within the intrans sequenced. 
The DNA sequence results differ significantly from those reported for the PDGF B-chain gene, 
suggesting a basis for the expression of the PDGF A-chain gene and the B-chain gene under 
very different conditions. 
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The platelet-derived growth factor (PDGF) is a 
heterodimeric 30 kD glycoprotein released from a 
granules of activated platelets. PDGF is the ma
jor mitogen of mesodermal cells and a potent che
motactic agent for neutrophils, monocytes, 
fibroblasts, ~nd smooth muscle cells 7). The PDGF 
B-chain gene is encoded by the c-sis gene, the 
normal cellular homolog of the v-sis oncogene of 
the simian sarcoma virus (SSV)8,SO), and has 
been mapped to human chromosome 22q119). A 
PDGF A-chain cDNA clone (D-1) was isolated and 
sequenced first from a human malignant glioma 
cell library2). However, cDNA clones isolated from 
a human endothelial cell library differed from 
that clone. The endothelial cDNA clones lacked a 
69 bp insert included in the A-chain clones iso
lated from the glioma cell line, resulting in the 
loss of an 18 amino acid, highly basic region con
taining the predicted COOR-terminus and the 
substitution of the COOR-terminus with 3 entire
ly different amino acid residues28). Genomic se
quencing subsequently confirmed alternative 
splicing as the basis for the differences in the 
clones26). The PDGF A-chain gene shares signifi
cant homology to the v-sis gene but as yet the 
A-chain gene has no significant homology to other 
previously identified transforming genes. It has 
been mapped to human chromosome 72). A-chain 
homodimers with strong mitogenic activity have 
been isolated from a human osteosarcoma cell 

line16) and subsequently the expression of the A
chain has been demonstrated in many different 
cell lines, including normal human endothelial 
cells, placenta, and certain tumor cell lines2). The 
regulation of expression of A- and B-chain genes, 
however, appears to be quite different, as shown 
by differences in the A- and B-chain mRNA levels 
in endothelial cells in response to the endothelial 
cell growth factor26) or by the selective induction 
of the A-chain gene after PDGF or EGF stimula
tion of normal human fibroblasts22). The basis for 
the differences in regulation is not known. In or
der to understand the mechanism of regulation of 
the A-chain gene, we cloned the A-chain genomic 
DNA and initiated its nucleotide sequencing 
study. We report here the location of the putative 
TATAA box for the human PDGF A-chain gene, 
nearly 1.8 kb upstream of the coding sequences, 
and the complete sequence of the first two exons 
and the first intervening sequence of the gene. 

MATERIALS AND METHODS 
Materials 

T4 DNA ligase, T4 polynucleotide kinase, and 
DNA polymerase I (Klenow fragment) were ob
tained from Bethesda Research Laboratories. T4 
DNA polymerase was from New England Bio
Labs. Calf intestinal alkaline phosphatase was 
obtained from Pharmacia. Restriction enzymes 
were obtained from Bethesda Research Laborato-
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ries and New England BioLabs. The EMBL-3 
phage genomic DNA library constructed from 
Mbol partially digested human leukocyte DNA 
from Clontech was used for isolation of genomic 
clones. Sequencing kits with klenow fragment 
and reverse transcriptase were obtained from 
Promega, with sequenase from United States 
Biochemical Corporation, and with 7-deaza dGTP 
from Pharmacia. a 32P d-ATP (specific activity 800 
Ci/mmol) and y32P ATP (specific activity 3000 Ci/ 
mmol) were from New England Nuclear. 

Cloning 
A-chain genomic clones were obtained from the 

EMBL-3 phage genomic DNA library using a syn
thetic oligonucletide (A-2), corresponding to nu
cleotides 389-424 of the D-1 cDNA clone2), and 
labeled with the T4 polynucleotide kinase and 
y32P ATP. Four genomic clones were identified 
and designated as A.21, A.24, A.31, and MO. These 
clones overlapped with each other;clones f..24, A.31, 
and MO contained the same fragment. 

The 3.5 kb BamHl fragment, which hybridized 
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Fig. 1. Restriction map of MO and A.24. A.24, A.31, and MO contained the same fragment. The B2 frag
ment is indicated by the thick arrow. Fragments subcloned are indicated by arrows ( -E--) and those 
sequenced are indicated by small bars (-). There was no Sal 1 and Hind III cut site. 
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Fig. 2. Restriction map and sequencing strategy for B2. The nucleotide sequence was determined by a 
double-strand DNA sequencing method using the T3, T7, mp, mpR, and two synthetic primers. Frag
ments subcloned are indicated by arrows (-E--) and those sequenced are indicated by small bars (-). 
All fragments sequenced overlapped each other. 
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AGGGAGGCGA AATCCATCCA GCCCAGCGCA ~TTTC TCGGCGTGGG AGCCGTCTAG 

u CCACOCTCAG ACCtCGGCCT CCGCGCGC:GT TCCTCCCCCA TCOCGCTCTG ACTGCGC:C:TC: 

121 GGCCGGAGGT GCTCTGTGCG C:C:CCAC:GGAT CC:GACGCGGG AGGCTCAGAA CC:C:GGGGGAC 

111 CCTCACCGGT GGCTC:C:TTTC CCTTCCATCC CCTCGACTTC CCGGCTCAGO CGCGGCCCCT 

241 TCGGCGCGGG AGTGGGGGAC TGGGGGGCGC GGGGTCCCAG GGTGGGGACG AGGCGGCTGC 

301 AGGCCCTTTC CCCGACTGGA GCTCGCTCCC AAGTGGAAAT GTGGGTGaAG GGTCCTCATT 

wvv wvv 
3'1 CAGATGCC:CC AGGCCTCGGA TCCTGGGC:GG GGGCGCGTGG CAGCCGCAGG tGAGTGCCCC 

1. 1. 

4 21 AAACCCGC:CC CCCTCCTTCC CCAAAGACTG ACTCCCCCTC CT'l'TTATGGA GACOAGGAAOG 

laa Hl 
411 CTGGGGCCTG GATCCGAACC GTGGAGAGCG GCCGGAGCGC GGGCGGGGCG GGaACGGCTC 

5 41 TCTGGCCCTT TTTGGCGCAA GCTCTGGGCG CTGCGCTGCC GCGTGGGCCC GAGAGAGGCG 

'01 AGCCGCGACG GCGC'l'TCTGC GGCGGCC'l'CC TCCCTCCCCA CCCGGTGCCG CAGA'l'TGCAO 

Ul CTOGCACTGG AGGG'l'GGGCA AGCTCGAGGG AGGGGCGCGG AGCGCGCGGA GCGCGCGGGG 

721 CT'l'TGA'l'GGA TTTAGCTGCT TGCGCGAGCG CG'l'G'l'G'l'GCT CCCTGCCGCG GCGGCGGCGC 

711 CCGGGCCCTG CCGOGTCCGC ACGAACCCC'I' AGCGC'l'TCCG AGGTGCGGGT CCCAGGCCCG 

141 GAATCCGGGO AGGC:GGGGGG GGGGGGGCGG 
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901 ~?°!"'""' CCCTCTCC!c~ ~~~c~~cc GGCTC:CACAC GCGCGCCCTG CGGAGCCCGC 

tu CCAACTCCGG CGAGCCGGCC TGCGCC'l'ACT CCTCCTCCTC C'l'CTCCCGGC OGCGGCTGCG 

1021 GCGGAGGCGC CGACTCGGC:C TTGCGCCGCC CTCAGGCCCG CGC:GGCCGGC GCAGCGAGGC 

---- ____ .., 
1011 CCCGGGCGGC GGG'l'OGTGOC TGCCAGGCGO CTCGGCCGOC CGCGCGCTOC CCGGCCCCOG 

CCGAGCGGAG GGCGGACGCC GGCGCCGGGA GCCGAGGGCC GCCGCGGAGG GGG'l'GCTGCG 

1201 GC:C:GCGCtGT GCCCGGCCGG GCGGCGGCTG CAAGAGGAGG CCGaAGGCGA GCGC:GGGGCC: 

12'1 
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OGCGGTGGGC OCGCAGGGC:G GCTC:GCAGC:T CGCAGCCGGG GCC:GGGCCAG OC:GTC:CAGGC 

AGGT'a,.TC:GG TGTGGCGGCG GCGGCGGCGG CGGCCCCAGA CTCCCTCCGG AGTTCTTCTT 

CGGGGCTC:GA 'GTCCGCAAA TA'GGCAGAA 'GTACCGGCC GGGTC:GCTCC T~GCCAGC: 

14 41 GC:GGGQAGCG AGCGCGGCGG CGGCCAGCAC C:GGGAAC:GCA CCGAGGAAGA AGCC:CAGCCC: 

1501 

1'21 

1'11 

1741 
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un 

C:C:GC:C:C:TCCG CCCCTTCCGT CCCCACCCCC 'l'AC:CGGCOGC CCAGGAGGC:T CC:CC:GCGC'l'G 

GCGCGCAC'l'C CC'l'G'l'TTC'l'C C'l'CC'l'CCTGG C'l'GGCGC'l'GC C'l'GCC'l'C'l'CC GCAC'l'CAC'l'G 

CTCGCGCCGG GCGGC'l'CCGC CAGC'l'CCG'l'G C'l'CCCC:GCGC CACCCTCCTC CGGGCCGCGC 

TCCCT'i,.GGG A'GG'l'ACT~A AT'l''l'CGCCGC CACAGGAGAC CGGCTGGAGC GCCGCCCCGC 

*'1Art 11i..r, Lev. 1 Ala 1Cy• 1 

GGCCTCGCCT CTCCTCCGAG CAGCCAGCGC CTCGGGA~~.c b~~·GAGGACC TTGGCTTGCC 
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TGCTGCTCC:T C:GGC'l'GCGGA 'S'ACCTCGCCC A'l'GTTC'l'GGC CGAL'l''l'GG'I' GCCGCCCCCG 

1•t lnta:on 

C:GCCC:CGTCC CTCGGCGGCT CC'l'CCGGCGC ACACCCCCCG CCGGCTGGGG CGCCACGGGC 

1921 'l'C'l'GCAGAGA GCG'l'TTTGG'I' TCCTGCCAGG GTGGTCGATG 'l''l''l'AGAT'l'T'I' CCCAACTGGG 

Ull T'l'C'l'ATT'l''l'C TGCCATGCC'I' AAGTGTGTGT GGGGAGTTTC CAGCGTGTTG CGTCGGTCGC 

2041 'l'CTGCCTCGG GGGGACCGGG GAGCAGCGAG GTGGACGAGT GGGGAGAAAC 'l'TCGGGGGGC 

2101 GCAGTGTCCT CTCCGGGGAA GGGGAGCTGG GGCCAGGCGG GCGCTGCAGC AGCGGGGTGC 

21'1 GGGAGCGGGG AAGGGGGTGT GTGTGAGCCG GCGGAGCCTG GGGAGGAGAG AAGGGCGGCG 

2221 GA'l'AAATAGG TAGGGGCGGC TGCTGCGGAA CGCCC'l'GGCC GGGCAGGG'l'G GGCAGCGCAA 

2281 GCTGCAGCCC TCGGTTCCCA GTCCCCAAGC CCGGCGGCTC AGGGCCGGCG CAGTCCCGCC 

2341 CGCCCGGGCT GCTTACAGGT GGCTGAGCGA GGCAGCTGGG CTGGGCCAGG CGtCCGACCC 
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2411 TGTGATGAAT GACTTTCCAC AGCCCCCGTC GTGGGAACTT AGTGCHCAG GCTCCCCAGC 

2521 GACCCCCGAC TCTCCTTAAA AATCGGGGAG GGGGAGTGGG GGAGGCCAGA GGTGAGGGTG 

2511 G'l'CTCCGCAG GGCACGGAGA GC'l'GCGCGAG G'l'GGAAG'l'TT AACCCTCGCT TTCCCTGGAG 

2Ul GCTTCHCTC CCGGCCGCCG GCTGGATTTG GGCG'l'CT'l'AG TCGGCGCTAG GGCCCGGCTG 

2121 GCGTGAAATT TAAGCCCTGC CTGGA'n'AAA GITGT'IAOOQC TGCCGITGACT CTCGICCGIACC 

2111 CGTGACGCAT T'l'TAACTTGA TCTTTCTAGA TG'l'TGATC'IC ACT&TTAAAT CAGAAAC'l'l'T 

un CGGCCCCCTC GCT&CCCCCT AG&CCTTC'l'G TAACTGAC&C CCCGGIGTGGA GGGIGCCGGAG 

3001 TGCllGGGGCT T'l'TGTCTGA& ~ GGGIGIGGIGGCT TTG&T'l'TTGC AAAGGGCGGA 

3011 ACA'l'GGATGC GGIGTGGAGAA 'l'TTGGGIGTCT CTTCCAGCCC ca.cccccGG& C'l'TCTGGTTC 

3121 CTGGGCCGGG GCGIAGGICGITC CGCGGIGGGC'l GGGIGCGGIGGI& C:Tc:CIGICCOQC GICTCGCGIGIOCI 

3111 TC'ICCTGGIGC CCGGGGCGGIC GGCGC'ICCH GCGGCCQGICIG CICOCQHCCG llCGGIGGITC08 

2·•-
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l 541 TCTC'ICCC&G CGGCGGCCG& GGGCTGCTc:G C'fCGICCCCGIGI GIAT'fGl'f'l"f'IC GICC'fft-

HOl a.u.M:GCCGIC GTGITGITCACA CAAAG'fTCAQ CCGCGCCTCC GCCUOTOTe ceeec:cc:cec -·1 3H1 GCC:fGICCC'lC GGIGCCGGGGG A8CQGCUGIA Tc:CGGCCC&G a.cc:C'ffMIOCIC eftMl'IMICC 

3711 TCCGACGGGC GGIGCGGGCGG AGGICGGCCC:C GGGTCAGGGIC CCGGCCCCC'f CM'fa.&'l'CCC 

JIU TGCGIAGICTQG fGICCGCGHC TTGCGCHGC TGGIGICCTC'IG 'l'QGICTGCU 

Fig. 3. Nucleotide sequence of the PDGF A-chain genomic DNA. The putative "TATAA'' sequences are 
boxed-in. Closed squares indicate the start of codons and open squares the end of codons. Tandem 
repeat sequences are indicated with arrows (----;.) and inverted repeat sequences with dotted arrows (---7). 
Splicing junctions are indicated by ( 1 ). The consensus sequences for the potential SPl binding site 
(GGGCGG) are indicated by (") and the "CCGCCC" sequeces similar to the one found in the SV40 
promoter is indicated by ( u ). The consensus sequences for the potential APl and AP2 binding site are 
indicated by ( v ). Closed circles mark the poly dGdN stretch. 
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to the A-2 probe, was subcloned into pUC 19 
plasmid and designated as B2 (Fig. 1). A precise 
restriction enzyme map of the B2 fragment was 
established (Fig. 2). Small fragments from B2 
were then obtained by digestion with specific re
striction enzymes, and were subcloned into Blue
Script plasmid (Stratagene) for sequencing. 

DNA Sequence Analysis 
The nucleotide sequence was determined by the 

dideoxy nucleotide method using double-strand 
DNA6). 7-deaza dGTP and dITP were used for 
fragments in highly G-C-rich regions with G-C 
compression. In order to sequence areas with 
high degrees of secondary structure, the sequenc
ing reactions were done with reverse transcrip
tase at 60°C or with sequenase. Orientation of 
the individual DNA fragments was established on 
the basis of overlapping sequences. 

RESULTS 
We determined the nucleotide sequence of the 5' 

region of the human PDGF A-chain gene (Fig. 3). 
The MO fragment contained the first and second 
exons. The putative splice site between the first 
and second exons was identified at positions 
450-451 and between the second and third exons 
at positions 54 7-548, using the numbering sys
tem adopted for the D-1 clone2). The splice sites 
agreed with the cDNA sequence of the D-1 clone2) 

and with consensus sequences of splicing27). 

Promoter Region 
A "TATAA" sequence4) was identified 487 bp up

stream of the 5' terminus of the D-1 clone2). The 
region surrounding the putative "TATAA" box is 
highly G-C-rich. In the 60 bp upstream fragment, 
the G-C content was 97%, and in the 60 bp 
downstream fragment it was 83%, suggesting 
that these regions may have considerable second
ary structure. On both sides of the putative "TA
TAA" box, there are several inverted repeats 
which may make hairpin loops (Fig. 3). The G
C-rich area also suggests that this region is pro
tected from methylation3). 

5' Upstream region of the "TATAA" 
Six potential SP-1 binding sites containing the 

consensus sequence "GGGCGG"5) were identified 
within the 550 bp upstream of the "TATAA" se
quence. Interestingly, three of the putative bind
ing sites were repeated tandemly. Two "CCGCCC" 
sequences were found, identical to those within 
the SV 40 early promoter10) and in close proximity 
to the "TATAA'' box of the c-myc gene31) and the 
EGF receptor gene17). A 10 bp tandem repeat, 
"CCCCCTCCTT", was found about 450 bp up
stream of the "TATAA" sequence. No "CAAT" 
box4) was found within the 900 bp DNA region 
upstream of the "TATAA" sequence, but a "GAAT" 
sequence was found 65 bp upstream of the "TA
TAA" sequence. 

Summary of Sequence 
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Fig. 4. Summary of PDGF A-chain sequence and comparison with that of PDGF B-chain gene. The start 
site of cDNA clone (D-1) was indicated by "cDNA". 
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From the "TATAA" Sequence to the First 
Intron 

The translation initiation site was found 876 bp 
downstream of the "TATAA" sequence, implying 
that a long transcribed but untraslated region is 
present in the A-chain gene, similar to that in 
the PGDF B-chain gene24·25·29). This region was 
highly G-C-rich; a 10 bp inverted repeat was 
found 210 bp downstream of the "TATAA" se
quence. This region may be important in regulat
ing translation of the A-chain gene, a regulation 
potentially similar to that observed in the PDGF 
B-chain gene25). There were five "ATG" start co
dons found, but each of the first four were fol
lowed by stop codons. Furthermore, the 
sequences surrounding the first four "ATG" sites 
did not conform to the consensus sequences for 
translation initiation 19) and coded only for short 
polypeptide chains. The overall gene structure is 
very similar to that of the B-chain gene, but 
there were no clusters of the tandem repeat se
quences of 7 bp (GCAGCT/CC, Fig. 4) which may 
control mRNA translation, as were found pre
viously in the B-chain gene. The predicted first 
21 amino acids of the first exon had the proper
ties characteristic of a signal peptide sequence20). 

From the First Intron to the Second Exon 
In the first intron, an "ATCCCC" sequence was 

repeated four times; this tandem repeat sequence 
may function similarly to the enhancer activity of 
the short repeat sequences found in the interfer
on-~ gene11). About 260 bp downstream of this 
short repeat sequence was a poly dGdN stretch, 
a sequence known to form Z-DNA and also 
associated with enhancer activity in other 
genes13·14). A second "TATAA" sequence was 
found about 250 bp upstream of the second exon. 

Significantly, consensus sequences of binding 
sites for transcription factors induced by TPA also 
were found 1·21). In the second intron, a potential 
APl binding site "TGAGTCAG" was found and a 
potential AP2 binding site, "CCCCAGGC", was 
found about 535 bp upstream of the putative "TA
TAA" box. A closely related sequence, "CCCAGC", 
was identified in the second intron. 

Comparisons with B-chain gene DNA sequences 
were made from -400 bp to the "TATAA" sequence 
(Fig. 4), there was about 45% homology. From the 
"TATAA" sequence to the start codon, the homolo
gy was about 50%. There was no Alu-se
quences18) or the consensus sequences of 
inducible elements of fos gene12,15,23). 

DISCUSSION 
We have isolated and characterized genomic 

clones of the 5' region of the huma PDGF A-chain 
gene. 

These results have established a number of po
tentially important sites on the PDGF A-chain 

gene which may be involved in regulation of the 
expression. The promoter region analyzed re
vealed significant differences between the PDGF 
A-chain gene and the PDGF B-chain gene. These 
may mediate the observed differences in the reg
ulation of the two genes. 

(Received April 24, 1992) 
(Accepted January 31, 1993) 
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