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ABSTRACT: The structural organization of the gene coding for human hepatocyte growth factor (hHGF) 
has been determined by seven overlapping X phage genomic clones including three clones that were previously 
characterized. The gene for hHGF spans about 70 kbp of DNA and consists of 18 exons separated by 17 
introns. The coding sequence of hHGF consists of multiple putative domains that are homologous to those 
observed in plasminogen. These regions were found as separate exons in the gene, and the exon-intron 
arrangement was similar to that of plasminogen. These results suggest that the genes for hHGF and 
plasminogen have arisen through gene duplication events from an ancestral gene. The major transcription 
initiation site of the h H G F  gene is located 76 bp upstream of the translational start codon as judged by 
S1 nuclease mapping and primer extension analyses. A TATA-like element was found 33 nucleotides 
upstream of the transcription initiation site. Two sequence elements, an interleukin 6 response element 
(CTGGGA) and a potential binding site for NF-IL6 (TGAGGAAAG), are located near the transcription 
initiation site. These sequence elements might be involved in the regulation of HGF gene expression. 

H u m a n  hepatocyte growth factor (hHGF), which was first 
isolated from the plasma of patients with fulminant hepatic 
failure (Gohda et al., 1988), is a potent growth stimulator of 
both human and rat hepatocytes in primary culture (Strain 
et al., 1991). Human HGF may function as a regulator of 
liver regeneration because its levels in plasma or sera are higher 
in patients with liver diseases (Tsubouchi et al., 1989, 1991). 
Recently, hHGF has been shown to have mitogenic activity 
on a variety of cells including melanocytes and endothelial cells 
as well as cells of epithelial origin (Rubin et al., 1991; Kan 
et al., 1991; Igawa et al., 1991). Human HGF is a hetero- 
dimeric glycoprotein consisting of a heavy chain and a light 
chain with molecular weights of about 65 000 and 35 000, 
respectively. These chains are linked together by a disulfide 
bond (Gohda et al., 1988). 

The primary structures of human and rat HGF have been 
established by cDNA cloning and sequencing (Miyazawa et 
al., 1989; Nakamura et al., 1989; Tashiro et al., 1990; Okajima 
et al., 1990). Human HGF is synthesized as a precursor form 
of 728 amino acids. The modified N-terminal amino acid of 
the heavy chain of hHGF is pyroglutamate derived from 
glutamine at the 32nd residue from the initiation methionine 
(Yoshiyama et al., 1991). Thus, the N-terminal31 amino acid 
residues of the precursor, which contain many hydrophobic 
amino acids, probably function as a signal peptide. The heavy 
chain (463 amino acids) and the light chain (234 amino acids) 
are derived from the N- and C-terminal parts of the precursor, 
respectively. The sequence of hHGF is homologous to that 
of human plasminogen (about 38% identical) (Nakamura et 
al., 1989). The heavy chain contains four kringle structures, 
and the light chain is homologous to the catalytic domain of 
serine proteases. Analysis of the genomic DNA encoding the 
kringle region of hHGF (Miyazawa et al., 1991) showed that 
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each of the four kringles is encoded by two exons and the 
exon-intron arrangement is very similar to that of human 
plasminogen (Petersen et al., 1990). 

HGF mRNA is expressed in human placenta (Miyazawa 
et al., 1989), liver ( Nakamura et al., 1989), and leukocytes 
(Seki et al., 1990) as well as in a variety of rat tissues (Tashiro 
et al., 1990; Okajima et al., 1990). The mRNA is induced 
in the rat liver and spleen during liver regeneration following 
hepatic injury caused by administration of hepatotoxins 
(Kinoshita et al., 1989; Okajima et al., 1990). In contrast, 
no obvious mRNA induction has been observed in the rat 
kidney even though the kidney is one of the major sites of the 
mRNA production (Okajima et al., 1990). The mechanisms 
responsible for HGF mRNA induction in these tissues are not 
understood. Previous studies on many genes have shown that 
sequences upstream of the 5’ end play an important role in 
the regulation of gene expression. This report thus concerns 
the identification of the transcription initiation site of the 
hHGF gene and characterization of the 5’ flanking region, 
which may have the regulatory elements. By analyzing the 
entire hHGF gene, we have also elucidated the relationship 
between the exon-intron arrangement and protein structural 
domains and have compared it with that of human plasmi- 
nogen. 

EXPERIMENTAL PROCEDURES 
Materials. Reagents were obtained as follows: [(Y-~*P]- 

dCTP from Amersham; [y-32P]ATP from New England 
Nuclear; oligo(dT)-cellulose (type 7) and random primer 
[pd(N),] from Pharmacia; the Klenow fragment of Escher- 
ichia coli DNA polymerase I from Boehringer Mannheim; 
restriction endonucleases from Takara Shuzo Co. and Toyobo 
Co.; calf intestine phosphatase and T4 polynucleotide kinase 
from Toyobo Co.; S1 nuclease from Takara shuzo Co.; and 
reverse transcriptase from Life Science Inc. 

RNA Preparation. PLC/PRF/S human hepatoma cells and 
MRC-5 human embryonic lung fibroblasts were cultured in 
Dulbecco’s-modified Eagle’s medium supplemented with 10% 
fetal calf serum. Total RNA was extracted from the cultured 
cells and a human placenta by the guanidine thiocyanate 
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FIGURE 1 : EcoRI restriction map and location of the exons in the hHGF gene. The seven overlapping X phage clones were aligned according 
to restriction mapping and sequence determination. The 18 exons are shown by boxes. The EcoRI restriction sites are shown by vertical bars. 
X ghHGF-83, -105, and -94 have been previously characterized and published by Miyazawa et al. (1991). 

method (Chirgwin et al., 1979). Poly(A) RNA was isolated 
by subjecting the total RNA to oligo(dT)-cellulose chroma- 
tography (Aviv & Leder, 1972). 

Isolation and Characterization of Genomic Clones. The 
human genomic DNA library obtained from Clontech is a 
collection of recombinant phage carrying human placenta 
DNA fragments generated by partial digestion with Sau3AI 
and joined to EMBL3 arms. The phage were screened by 
hybridization in situ (Benton & Davis, 1977) with appropriate 
restriction fragments derived from the hHGF cDNA clone. 
Hybridization-positive phage clones were isolated by repeated 
plaque purification. The inserts of the clones were analyzed 
by restriction mapping and Southern blotting (Southern, 
1975). Appropriate DNA fragments were subcloned into pUC 
or M 13 vectors and sequenced by the chain termination me- 
thod (Sanger et al., 1977) with use of a kit from United States 
Biochemicals. 

Isolation and Characterization of the cDNA Clone. A 
cDNA library was constructed by the method of Okayama 
and Berg (1983), with 12.6 pg of poly(A) RNA and 4.2 pg 
of the vector-primer DNA. E. coli HBlOl was used for 
transformation, and ampicillin-resistant transformants were 
screened by hybridization with the 834-bp EcoRI fragment 
derived from the hHGF cDNA as a probe. A positive colony 
was replated and rescreened until all colonies hybridized to 
the probe. The insert of the plasmid was characterized by 
restriction mapping and sequencing. 

Southern Blot Hybridization Analysis of Total Cellular 
DNA. Human leukocyte cellular DNA was digested with 
EcoRI, BamHI, or KpnI, electrophoresed on a 0.6% agarose 
gel, and transferred to a nylon membrane (Biodyne). The filter 
was hybridized for 16 h at 60 OC with the 32P-labeled cDNA 
fragments as probes in a solution containing 10 X Denhardt’s 
solution (0.2% bovine serum albumin, 0.2% poly(viny1- 
pyrrolidone), and 0.2% Ficoll), 6 X SSC, 50 mM Tris-HCl 
(pH 7 . 9 ,  1% SDS, and 50 pg/mL sonicated salmon testis 
DNA. The filter was washed with 2 X SSC containing 0.1% 
SDS at 60 OC. The probe was labeled with 32P by the random 
labeling method (Feinberg & Vogelstein, 1983). 

Northern Blot Hybridization Analysis. Poly(A) RNA was 
denatured with 2.2 M formaldehyde/50% (v/v) formamide, 
electrophoresed on a 1% agarose gel containing 2.2 M form- 
aldehyde (Lehrach et al., 1977), and transferred to a nylon 
membrane (Biodyne). The filter was hybridized for 16 h at 
42 OC with the 32P-labeled probe in a solution containing 50% 
formamide, 5 X Denhardt’s solution (0.1% bovine serum al- 
bumin, 0.1% poly(vinylpyrrolidone), and 0.1% Ficoll), 5 X 
SSC, 50 mM sodium phosphate (pH 6.5), 0.1% SDS, and 100 
pg/mL sonicated salmon testis DNA (Alwine et al., 1977). 
The filter was washed with 1 X SSC containing 0.1% SDS 
at 50 O C .  

SI Nuclease Mapping and Primer Extension Analyses. The 
DNA probe used for the S1 nuclease mapping analysis was 
prepared as follows. A 124-bp BglII-BamHI fragment was 
excised from the genomic clone and inserted into pUC18 vector 

at the BamHI site. The plasmid was digested with BamHI, 
dephosphorylated with calf intestine phosphatase, and then 
labeled with 32P at the 5’ end. The labeled fragment was 
digested with EcoRI, and the 145-bp fragment containing the 
124-bp genomic and the 21-bp vector sequences was isolated 
by electrophoresis on a 7 M urea/6% polyacrylamide gel. The 
145-bp fragnment (1 X 10’ cpm) was hybridized to 20 pg of 
poly(A) RNA in a solution containing 80% (v/v) formamide, 
0.4 M NaC1, 1 mM EDTA, and 40 mM Pipes (pH 6.4) at 
42 OC for 12 h, and the DNA-RNA hybrid was digested with 
S1 nuclease (8 unitslpg of RNA) at 13 OC for 90 min (Berk 
& Sharp, 1977; Weaver & Weissman, 1979). For the prim- 
er-extension experiment, an oligonucleotide was chemically 
synthesized with the use of an Applied Biosystems 380B DNA 
synthesizer and labeled with 32P at the 5’ end. The labeled 
oligonucleotide (1 X lo5 cpm) was hybridized to 20 p g  of 
poly(A) RNA in the solution described for S1 nuclease analysis 
at 32 OC for 12 h. The DNA-RNA hybrid was then reverse 
transcribed (Sambrook et al., 1989). The S1 digestion 
products and the primer-extended cDNAs were electro- 
phoresed in parallel with the sequence ladder on 7 M urea/6% 
polyacrylamide gel. 

RESULTS 
Isolation of Genomic Clones for hHGF Gene. We have 

previously described the isolation and characterization of the 
genomic clones (A ghHGF-83, -105, and -94) coding for the 
four kringle structure regions of hHGF (Miyazawa et al., 
1991). In a previous screening of the AluI/HaeIII genomic 
library of Lawn et al. (1978), we isolated another clone (A 
ghHGF-72) that covered the N-terminal region of hHGF but 
we could not isolate the other portions of the gene. We thus 
screened another genomic library by appropriate restriction 
fragments derived from the hHGF cDNA and isolated three 
more clones (A ghHGF-208, -212, and -202). As shown in 
Figure 1, a total of seven clones containing the entire hHGF 
gene were arranged into a continuous genomic DNA of about 
70 kbp. 

Southern blot analysis of human leukocyte cellular DNA 
exhibited hybridization-positive fragments as expected from 
the restriction map, and no other hybridization-positive bands 
were detected (data not shown). These results indicate that 
the cloned DNA segments containing the hHGF gene retain 
the sequence organization found in the cellular DNA. They 
further suggest that there are no other closely related genes 
or pseudogenes in the human genome. Appropriate restriction 
fragments were subcloned into the pUC vector, and DNA 
fragments containing exons and their surrounding regions were 
sequenced. 

Isolation of cDNA for the 3‘Noncoding Region of hHGF 
mRNA. Placenta hHGF is mainly encoded by a 6.3-kb 
mRNA (Miyazawa et al., 1991). The cDNA clone for hHGF 
that we previously isolated lacked almost all of the 3’ non- 
coding region of the mRNA (Miyazawa et al., 1989). Thus, 
we isolated the cDNA covering the 3’ nond ing  region to map 
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FIGURE 2: Nucleotide sequences at the splice junctions. The exon-intron boundaries are positioned according to the GT-AG rule for splice 
junctions. Kla-K4a: N-terminal half of the kringle. KlbK4b: C-terminal half of the kringle. Junction type refers to the placement of 
intron sequence in the codon triplet. A type 0 occurs between codons, a type I occurs between the first and second base, and a type I1 occurs 
between the second and third base of the codon (Sharp, 1981). The amino acid residues are numbered in Miyazawa et al. (1989). The sequences 
at  the splice junctions of exons 4-1 1 have been previously published by Miyazawa et al. (1991). 

the mRNA sequence in the genomic sequence. A human 
placenta cDNA library was constructed by the method of 
Okayama and Berg and screened with the 834-bp EcoRI 
fragment corresponding to the 3' end of the previously isolated 
hHGF cDNA. A positive clone (phHGF-26) was isolated 
from about 2 X lo5 colonies. The isolated clone carried the 
4.3-kbp insert. The overlapping sequence of the clone and the 
previously isolated clone was about 1.2 kbp long. The entire 
cDNA sequence that corresponds to the 6.3-kb mRNA was 
thus obtained by combining these clones. 

Structural Organization of the hHGF Gene. Comparison 
of the genomic DNA sequence with the cDNA sequence in- 
dicated that the gene consisted of 18 exons (exon 1-18) in- 
terrupted by 17 introns (A-Q). The sequence of the exon- 
intron boundaries and the sizes of the exons and introns are 
summarized in Figure 2. The sequence of all the intron-exon 
splice junctions agreed with the GT-AG rule (Mount, 1982). 
All introns interrupt the protein-coding regions of the gene. 
The first exon contained the 5' noncoding region and coded 
for a putative signal peptide. Intron A was located between 
the nucleotide sequence coding for the signal peptide and the 
N-terminal region of the heavy chain. The N-terminal region 

of the heavy chain that precedes the kringle structures was 
encoded by exons 2 and 3, which were interrupted by intron 
B. As previously described, each of the four kringles was coded 
by two separate exons (exon 4-1 1) (Miyazawa et al., 1991). 
The site for the proteolytic processing to form the heavy and 
light chains was located in exon 13. The serine protease like 
sequence of the light chain consisted of five exons (exon 
14-18). Exon 18 was the largest and encoded 58 amino acid 
residues of the light chain and the 3' noncoding region of the 
mRNA. 

Human HGF mRNA Production in MRC-5 Human Em- 
bryonic Fibroblasts. A cell culture system is simple and useful 
to study the regulation of gene expression. We thus examined 
hHGF mRNA production in several human cell lines by 
Nothern blot analysis. As shown in Figure 3, a significant 
amount of hHGF mRNA was produced in MRC-5 cells (lane 
2) but not in PLC/PRF/S human hepatoma cells (lane 3) or 
in U937 human histiocytic lymphoma cells (data not shown). 
Four mRNAs of 6.3, 3.1, 2.3, and 1.5 kb observed in human 
placenta (lane 1) were also detected in MRC-5 cells. We have 
previously shown that the 1.5-kb mRNA was generated in 
human placenta by alternative RNA processing events from 
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FIGURE 3: Northern blot analyses of poly(A) RNA from MRC-5 and 
PLC/PRF/5 cells. Five micrograms of poly(A) RNA from MRC-5 
(lane 2) and PLC/PRF/5 (lane 3) cells was analyzed. The positive 
control was 5 pg of human placenta poly(A) RNA (lane 1). The 
hybridization probe was the 870-bp BumHI-ScuI fragment from the 
hHGF cDNA. Numbers on the left side indicate derived estimated 
sizes (in kilobases) of the mRNA. The size markers used were human 
ribosomal RNA. 

the hHGF gene (Miyazawa et al., 1991). The 1.5-kb mRNA 
production in MRC-5 cells indicates that this alternative RNA 
processing occurred also in the cell culture system. 

Transcription Initiation Site of the hHGF Gene. The site 
of transcription initiation was determined by S 1 nuclease 
mapping and primer-extension analyses. Probes for both ex- 
periments were labeled at the same site to facilitate direct 
comparison of the products obtained by the two techniques. 
For S1 nuclease mapping analysis, a probe containing the 
124-bp Bgll I-BamHI genomic DNA fragment was labeled 
at the 5’ end with 32P, and the antimessage strand was isolated 
by polyacrylamide gel electrophoresis after denaturation. The 
isolated DNA was hybridized to poly(A) RNA, and the 
RNA-DNA hybrids were then analyzed by S1 nuclease 
mapping. The primer used in the primer-extension experiment 
was a 27mer oligonucleotide whose sequence is indicated in 
Figure 5A. The oligonucleotide was labeled at the 5’ end with 
32P. The labeled primer was hybridized to poly(A) RNA and 
reverse transcribed. The products of both reactions were run 
on a DNA sequence gel in parallel with DNA sequence ladders 
generated from the same site. Figure 4 shows an autoradio- 
graph of the S1 nuclease mapping and primer-extension 
analyses. To relate the start site of the mRNA to the DNA 
sequence, the nucleotide sequence of the exon sequence and 
its 5’-flanking region was determined, and the result of the 
sequence determination is presented in Figure 5A. 

The SI nuclease analysis of human placenta RNA generated 
two major protected DNA fragments of 54 and 55 nucleotides 
and a minor fragment of 128 nucleotides (lane 2). The primer 
extension analysis of human placenta RNA produced a DNA 
fragment that corresponded to the 55-nucleotide S1 nuclease 
protected fragment (lane 5 ) .  The S1 nuclease and primer- 
extension analyses of RNA derived from MRC-5 cells gen- 
erated essentially the same DNA fragments observed with 
human placenta RNA although some additional fragments 
were detected (lanes 3 and 6). No products were detected with 
either technique in control reactions containing RNA derived 
from PLC/PRF/5 cells (lanes 4 and 7). Because a cap 
structure at the 5‘ end of the mRNA as well as A-T base pairs 
of the 5’ end of the DNA-RNA hybrid may affect the pro- 
tection of the DNA probe by S 1 nuclease digestion (Weaver 
& Weissman, 1979), the transcription initiation site was as- 
signed by the primer-extension analyses. Accordingly, the 
major transcription initiation site of the hHGF gene was 
mapped at 76 nucleotides upstream of the translational ini- 
tiation codon in both human placenta and MRC-5 cells. 
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FIGURE 4: Identification of the transcription initiation site of the hHGF 
gene by SI nuclease mapping and primer extension analyses. In the 
autoradiograph (A), the following DNAs were electrophoresed: the 
probe for SI nuclease mapping (lane I ) ,  the SI digestion products 
using poly(A) RNA from human placenta (lane 2), MRC-5 cells (lane 
3), PLC/PRF/5 cells (lane 4), and primer-extended cDNAs using 
poly(A) RNA from human placenta (lane 5) ,  MRC-5 cells (lane 6 ) ,  
and PLC/PRF/5 cells (lane 7), and the sequence ladders (the four 
right and four left lanes) as a chain length marker. In (B), the diagram 
of the DNA probe for SI nuclease mapping is indicated. The dotted 
and white boxes are derived from the sequences of the genomic DNA 
and the vector DNA, respectively. Under the diagram, the SI nuclease 
protected fragments are indicated. 

The 5‘ end of the hHGF cDNA (A hHGF-21) obtained 
from a human placenta cDNA library corresponded to 98 
nucleotides upstream of the translational initiation codon 
(Miyazawa et al., 1989). It is located upstream of the major 
transcription initiation site. SI nuclease analysis of human 
placenta RNA generated the minor protected fragment of 128 
nucleotides that corresponded to the BgrH site. The result 
indicated that the synthesis of the minor fraction of hHGF 
mRNA was initiated at the site upstream of the BglII site. 
The cDNA clone obtained was probably transcribed from the 
minor mRNA. The estimation of the SI protected fragments 
by scanning densitometry of the autoradiogram indicated that 



9 174 Biochemistry. Vol. 30, No. 38, 1991 Miyazawa et al. 

A 
-1036 

- 990 
- 900 
- 810 
- 720 

- 630 
- 540 

- 4 5 0  

- 360 

- 270 

- 180 

- 9 0  

1 

B 

GAATTCAAACAGCTTGAGGGATTTCCGGTGAAAGTCAGTCCTAACC 

AGTGTATACGTACATACACACCAACATGTGTGAATGTGTTGTGTGCACGTGTGTGCCTGTACAAGTCCACATGGCATATTTACCTGTCAG 

GGACAGGCTATGGACAATGACTGTTTCTTGGACTTTCTCTTAAAAAGTCAGATCAGACAAGTTTATTTTGTATACTTTGGGTAAATGTGT 

GGTATTTCGTGAGTTTGGCAGTTTGTGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGCTGCCTGCTCTGAGCCCATGGGGCAGGGGCAA 

TTTTTTCATCTGACAATCTGCGTGCTTTTGTTTTGCTTGCTTATTTTGGCCCCACAATACCACACCCTTTTCTTAACTAACCTCTTTCTA 

CCTGGGCTGGACGTGCCTGGGCTCTCCTCCCTGGCCCCGCTCCCACCTCTCCCAGGTCTCTAAACCCCTAGAGAACCTGTGTCAGTGTTT 

TGAATCCCTCAGTTGCTCTAGCAGGAAAACTAGACAGATTAGGAGCTGGGGCACATTTGGCTGAAAGACAGCTCTTCGCTTTCTTCTTAT 

GCTGCTTCCCCTTCCTCTTTTCCCAAATAGATATATAAACACATGTATTTTCCTGTTTAAATTGAGCGAATTGGTCCCCTGCCTGTGCCT 

P1 
TGATTTAGCCATTGGGCTCAGCCTTGCTCCTCCCTTCCTTACTCGGATAGGAGCCACTGGGATCTGGA~~TCCAGCTTCCAAATTGAAG~ 

~CAGGCCAGGTGACCTTTTCTTTGTAAGTTTCTTTCCTAAGCGTGGGGTTGGGGGGAGGCG~~GGAATGGGGGGGGTTGCAGGGAT 
(ILERE) 

P2 

CTGTTTGGTGCTGTTGAAGGGGGGGCGAGTGAGGAAAGGAGGGGGCTGGAAGAGAGTAAAGGGCTGTTGTTAAACAGTT~C~ 
INF-ILE) 

- P3 
GAGGGAGTTCAGACCTAGATCTTTCCAGTTAATCACACAACAAACTTAGCTCATCGCAATAAAAAGCAGCTCAGAGCCGACTGGCTCTTT 

Bgl I I ( “ T A T A “  like-box) 

TAGGCACTGACTCCGAACAGGATTCTTTCACCCAGGCATCTCCTCCAGAGGGATCCGCCAGCCCGTCCAGCAGCACCATGTGGGTG . . . .  
Bam HI MetTrpVal . . . .  

. . . . . .  TTTAGGAAACTGAAAATGAAATACTGTGGATGCTATGACTGTTTGTCTTGTATGTAAATAGGAAAATAATAAGCTGCCTATTGA 
GTGGTATAGCTGTATGCTTACCCAAAAAAGGGAACACTGTGGTTATGACTTGTATTATAAACTTTCTGTAGTTAATAAAGTTGTTATTTT 

TATAACCATGATTATATTATTATTATTAATAAAATATTTTAT AAATGCTTATTTTCTCTGTTATGATTATTTACATGTACATATTTAT 

ATCTGTCTTAGGGCCTAAATGCAGAAAATAGCAATGTT x 
FIGURE 5: Nucleotide sequence around the 5’- and 3’4erminal regions of the hHGF gene. (A) The 5’-terminal region. The nucleotide residues 
are numbered, beginning with the major transcription initiation site, and the nucleotides on the 5’side of residue 1 are indicated by negative 
numbers. The restriction sites for the SI mapping probe (BglII-BamHI fragment) are indicated. The sequence for which the complementary 
sequence was chemically synthesized for the primer extension analysis is shown by a thick bar. The consensus sequence for IL6 response element 
(IL6-RE) (Hattori et al., 1990) and NF-IL6 binding element (NF-IL6) (Akira et al., 1990), and the TATA-like box are underlined. Three 
palindromes (PI-P3) are indicated by arrows. (B) The 3’-terminal region. The polyadenylation site of hHGF mRNA is indicated by an arrow. 
The potential polyadenylation signal sequence is underlined. 

the minor fraction of hHGF mRNA was 510% of the total 
in both human placenta and MRC-5 cells. 

Nucleotide Sequences of the 5‘- and 3‘-Flanking Regions 
of the hHGF Gene. In the 5’-flanking region of the hHGF 
gene (Figure 5A), no consensus TATA, CAAT, or GC boxes, 
which are sequence elements common to a variety of regulated 
eukaryotic gene promoters, were found proximal to the tran- 
scription initiation site. However, an AATAAAA sequence 
was found 33 nucleotides upstream from the major tran- 
scription initiation site. The sequence differs from the typical 
TATA box but may function as a TATA-like element. A 
sequence element of CTGGGA, previously identified as a 
sequence conserved among several acute-phase genes (Fey et 
al., 1989), was found at positions -304 to -299 from the major 
transcription initiation site. This hexanucleotide has been 
defined as the interleukin 6 (IL6) response element of the rat 
a2-macroglobulin gene (Hattori et al., 1990). Another se- 
quence element, TGAGGAAAG, which matched the NF-IM 
(a nuclear factor for IL6 expression) binding consensus se- 
quence T(T/G)NNGNAA(T/G) (Akira et al., 1990), was 
located at positions -1 51 to -143. Other characteristic features 
of the sequences were three palindromes (Pl-P3) with six or 
seven continuously matched nucleotides that were located near 
the major transcription initiation site. 

In the 3’ end of the hHGF gene (Figure 5B), a potential 
polyadenylation signal (AATAAA) (Proudfoot & Browniee, 
1976) was found 11 nucleotides upstream from the poly- 

adenylation site. Consensus sequences of CAYTG (Berget, 
1984) and YGTGTTYY (McLauchlan et al., 1985), which 
are required for efficient formation of the 3’ terminus of 
mRNA, were not present within 85 nucleotides downstream 
from the polyadenylation site. 

DISCUSSION 
This report describes the structural organization and the 

transcription initiation site of the hHGF gene. The gene is 
approximately 70 kbp in length and consists of 17 introns and 
18 exons. Two different cDNAs for hHGF have been inde- 
pendently isolated from human placenta (Miyazawa et al., 
1989) and human liver cDNA libraries (Nakamura et al., 
1989). The deduced amino acid sequences showed 14 single 
amino acid substitutions scattered throughout the molecule. 
Because no more than one hHGF gene was identified in the 
genomic DNA, these differences may be the results of genetic 
polymorphisms in the hHGF gene. However, the protein- 
coding sequence of the exons of the genomic clones completely 
matched that of the human placenta cDNA. Further analyses 
of genomic DNAs from many individuals will be required to 
demonstrate genetic polymorphisms in the hHGF gene. 

The major transcription initiation site of the hHGF gene 
is located 76 nucleotides upstream of the translational initiation 
codon in both placenta and MRC-5 cells. Since the HGF gene 
is induced during liver regeneration after hepatic injury 
(Kinoshita et al., 1989; Okajima et al., 1990), regulatory 
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FIGURE 6: Location of the introns in the genes for hHGF and human plasminogen. The positions of introns are indicated by solid arrows. 
The cleavage sites between the putative signal peptide and the heavy chain are shown by open straight arrows. The cleavage sites between 
the heavy and light chains are shown by open curved arrows. K1-K5 refer to kringles 1-5. Data for human plasminogen are taken from Petersen 
et al. (1990). 

elements may exist in the promoter region of the gene. In this 
connection, two interesting sequence elements were found near 
the transcription initiation site. One was the hexanucleotide 
CTGGGA, which was found in the promoter regions of several 
acute-phase genes including rat a2-macroglobulin (Tsuchiya 
et al., 1987), rat a,-acid glycoprotein (Prowse & Baumann, 
1988), and rat fibrinogen genes (Fowlkes et a]., 1984). These 
genes are induced by IL6. Recently, Hattori et al. have defined 
the sequence as an interleukin 6 response element (IL6-RE) 
and have observed an IL6-induced characteristic protein-DNA 
complex between the element and nuclear proteins (Hattori 
et al., 1990). Thus, IL6-RE is likely important in mediating 
IL6 activation of those acute-phase genes. The other sequence 
element was the nonanucleotide TGAGGAAAG, which 
matched the NF-IL6 binding consensus sequence. NF-IL6 
was first identified as a nuclear factor that bound to an IL1 
response element in the IL6 gene (Isshiki et al., 1990). Akira 
et al. (1990) showed that NF-IL6 bound to the consensus 
sequence in the promoter regions of several acute-phase genes 
and cytokine genes including tumor necrosis factor (TNF), 
IL8, and granulocyte-colony stimulating factor (G-CSF) genes. 
The NF-IL6 binding sequence may be involved in the regu- 
lation of these genes. Although the HGF gene is not a pro- 
totype acute-phase gene, it is induced by liver injury. The 
induction is likely mediated by cytokine-like molecules, which 
are released from the injured liver. The IL6 related consensus 
sequences might be the regulatory elements involved in the 
induction by such molecules of the HGF gene. Functional 
studies will be necessary to determine whether those sequences 
actually serve regulatory roles. 

Human HGF and human plasminogen bear structural 
homologies but share only small regions of amino acid sequence 
identity (about 38% identity). However, all cysteine residues 
but one (Cys-561) in hHGF are located at positions essentially 
equivalent to those of human plasminogen. Therefore, both 
protein molecules probably exhibit similar three-dimensional 
structure. We previously analyzed the genomic DNA encoding 
kringle regions of hHGF (Miyazawa et al., 1991). From those 
results, we suggested that the hHGF gene is closely related 
to the human plasminogen gene. In this study we further 

elucidated the exon-intron arrangements of the hHGF gene 
encoding the regions other than kringles. Figure 6 shows the 
domain structure and placements of intron sequences with 
respect to the amino acid sequences of hHGF and human 
plasminogen. The results showed that the exon-intron ar- 
rangements for N-terminal portion and the light chain region 
of hHGF are similar to those for human plasminogen. The 
N-terminal regions of the heavy chains of both hHGF and 
plasminogen are encoded by two exons. Those are interrupted 
by an intron at the amino acid residue next to the equivalent 
cysteine residue, and the codon is interrupted between the 
second and third bases. The light chains of hHGF and 
plasminogen consist of five exons that are interrupted by in- 
trons inserted into the same positions in triplet codons. The 
light chain of plasminogen contains the catalytic triad residues 
histidine, aspartic acid, and serine. The histidine and serine 
residues are replaced by glutamine and tyrosine, respectively, 
in the light chain of HGF. Thus, HGF seems to have no serine 
protease activity. The exon-intron arrangements of the light 
chain regions are highly conserved between hHGF and human 
plasminogen even though the functions of the domains are 
different. The similar exon-intron arrangements suggest that 
the genes of hHGF and human plasminogen have probably 
arisen through gene duplication events from an ancestral gene. 
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