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Hepatoma-derived growth factor (HDGF) and HDGF-
related proteins (HRP) belong to a gene family with a
well-conserved amino acid sequence at the N-terminus
(the hath region). A new member of the HDGF family in
humans and mice was identified and cloned; we call it
HRP-3. The deduced amino acid sequence from HRP-3
cDNA contained 203 amino acids without a signal pep-
tide for secretion. HRP-3 has its 97-amino-acid sequence
at the N-terminus, which is highly conserved with the
hath region of the HDGF family proteins. It also has a
putative bipartite nuclear localizing signal (NLS) se-
quence in a similar location in its self-specific region of
HDGF and HRP-1. Northern blot analysis shows that
HRP-3 is expressed predominantly in the testis and
brain, to an intermediate extent in the heart, and to a
slight extent in the ovaries, kidneys, spleen, and liver in
humans. Transfection of green fluorescent protein
(GFP)-tagged HRP-3 cDNA showed that HRP-3 translo-
cated to the nucleus of 293 cells. GFP-HRP-3 transfec-
tants significantly increased their DNA synthesis more
than cells transfected with vector only. The HRP-3 gene
was mapped to chromosome 15, region 25 by FISH anal-
ysis. These findings suggest that a new member of the
HDGF gene family, HRP-3, may function mainly in the
nucleus of the brain, testis, and heart, probably for cell
proliferation. © 1999 Academic Press
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Hepatoma-derived growth factor (HDGF) was puri-
fied from the conditioned medium of human hepatoma-
derived cell line, HuH-7, which proliferates autono-
mously in serum-free chemically defined medium, and
its complementary DNA was cloned from the HuH-7
cell cDNA library (1). HDGF has growth stimulating
activity for fibroblasts, hepatoma cells and endothelial
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cells (1-3). While screening the mouse testis cDNA
library to identify a mouse homologue of human
HDGF, we cloned not only a mouse homologue, but also
two other genes encoding HDGF-related proteins
(HRP-1 and HRP-2) (4). The messages of HDGF and
HRP-2 were ubiquitously expressed in various normal
tissues, and highly expressed in the testis, brain and
skeletal muscle. On the other hand, HRP-1 shows
testis-specific expression in mice by Northern blot
analysis. Their deduced amino acid sequences revealed
that HDGF forms a new gene family with a highly
conserved 98-amino acid sequence at the N-terminus
(we named it the hath region) (4). However, these three
proteins have no homology in amino acid sequences of
their self-specific regions other than the hath region.
Each protein of these HDGF family proteins, has a
putative nuclear localizing signal (NLS) in the self-
specific region, other than the hath region.

Recently, by computer-aided screening of Expression
sequence tag (EST) database, some genes which con-
tain homologous regions of any gene family were
searched out and identified (5). We tried to search few
another gene containing a homologous sequence to the
hath region of HDGF by searching the DNA database.
By EST cDNA search for the homology to the hath
region, we identified and cloned another new gene con-
taining, not only the hath region in the N-terminus,
but also the NLS sequence in its self-specific region
other than the hath region, that we named the HRP-3
gene. HRP-3 has growth stimulating activity. In the
present study, we report the character, chromosomal
localization and putative function of a new member of
the HDGF gene family.

MATERIALS AND METHODS

Isolation and cloning of human and mouse HDGF-related protein
(HRP)-3 cDNA. We searched the EST database for sequences
with similarities to a consensus amino acid sequence of the highly
conserved HDGF N-terminal region (the hath region) using the
tBLASTN algorithms (5). Then we obtained overlapping human
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(accession number: AA001015, AA053893, AA400940, AA400963,
AA455020 and W38901) and mouse (accession number: AA039116
and 061110) ESTs, designated as HRP-3, which had the hath region,
but was quite different from HDGF, HRP-1 and HRP-2 in the
C-terminal. The nucleotide sequence of human HRP-3 is longer than
that of mouse HRP-3 obtained from ESTs. In order to recheck the
nucleotide sequence, we designed specific primers and sequenced the
PCR products from Jurkat cells, human peripheral blood lympho-
cytes (PBL) and the human testis cDNA library, and the mouse testis
cDNA library. Then, we acquired an identical nucleotide sequence
with only a two-base alteration. Primers derived from human HRP-3
were 5’ primer: 5'-ACCGCTCGTCCGCCGGCTTG-3' and 3’ primer:
5'-GGTAGTTAGGTCCCTTCACTGGTTTT-CT-3'.

Northern blot analysis. The HRP-3 specific probe, which did not
contain the encoding nucleotide of the highly conserved hath region,
was generated by PCR using the following primers; 5'-GGCTAC-
CAGGCAATTCAGCAACA-3' and 5'-TGGTAGTTAGGTCCCTTCACT-
3'. After gel purification by standard techniques, the HRP-3 specific
probe was labeled with [a-*P]dCTP using a Megaprime DNA labeling
kit (Amersham Life Science, Tokyo, Japan) and used for Northern
hybridization. Multiple tissue Northern (MTN) blots (Clontech., Palo
Alto, CA) were hybridized with a radiolabeled HRP-3 specific probe in
QuikHyb hybridization solution (Stratagene LaJolla, CA) according to
the protocol of the manufacturer.

Fluorescence in situ hybridization (FISH) mapping. Lymphocytes
isolated from human blood were cultured in e-minimal essential me-
dium (MEM) supplemented with 10% fetal calf serum (FCS) and phy-
tohemagglutinin (PHA) at 37°C for 68—72 hr. The lymphocyte cultures
were treated with bromodeoxyuridine (0.18 mg/ml, Sigma) to synchro-
nize the cell population. Cells were harvested and slides were made by
using standard procedures including hypotonic treatment, fix and air-
dry. DNA probe (1.2 kb long) was biotinylated with dATP using Gibco
BRL BioNick labeling kit at 15°C for 1 hr (6). The procedure for FISH
detection was performed according to Heng et al. (6, 7). Briefly, slides
were baked at 55°C for 1 hr. After RNase treatment, the slides were
denatured in 70% formamide in 2X SSC, followed by dehydration with
ethanol. The probes were denatured at 75°C for 5 min in a hybridization
solution consisting of 50% formamide and 10% dextran sulfate. The
probes were loaded on the denatured chromosomal slides. After over-
night hybridization, the slides were washed and detected as well as
ampilfied. FISH signals and the DAPI banding pattern were recorded
separately by taking photographs, and the assignment of the FISH
mapping data with chromosomal bands was achieved by superimposing
FISH signals with DAPI banded chromosomes (7).

GFP plasmid construction, gene transfection, and visualization.
The expression vector for the chimera protein of human HRP-3 and
green fluorescein protein (GFP) was constructed using pQBI-25
(Takara Co., Kyoto). pQBI-25 was digested with Nhel, and ligated with
cloned cDNA fragments of human HRP-3. DNA was transfected using
the calcium phosphate co-precipitation method. Briefly, human 293
cells maintained in Dulbecco’'s modified Eagle’s medium with 10% FCS
and antibiotics were transiently transfected with a mixture of 6 ug of
pQBI-25-HRP3 construct per 135 ul of double distilled water (DDW),
15 pl of 25 mM CacCl,, and 150 pl of 2X HBS (280 mM NaCl, 50 mM
HEPES and 1.48 mM Na,HPO, adjusted to pH 7.05). The medium was
changed 18 hr post-transfection. Transfected cells were evaluated at
day 2 or day 3 using a microscope equipped for GFP visualization (488
nm excitation and FITC filter set).

Cell growth assay. GFP-tagged HRP-3-overexpressing 293 cells,
cells transfected with vector pQBI only and parent 293 cells were
seeded at 10* cells/well after geneticin selection for one week in DME
supplemented with 10% FCS. After 24 hr-culture, the culture me-
dium was changed to DME supplemented with 0%, 1% or 5% FCS. 88
hr later, 0.5 uCi of [H*]thymidine (Thd) was added; the cells were
then harvested.
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Nucleotide accession number. The nucleotide sequence data re-
ported in this paper will appear in the DDBJ, EMBL, and GenBank
nucleotide sequence databases with accession numbers AB029156
(human HRP-3) and AB029493 (mouse HRP-3).

RESULTS

Nucleotide and Translated Amino Acid Sequence
Analysis

Human HRP-3 nucleotide sequence and translated
amino acid sequence are shown in Fig. 1A. The se-
quence around a putative translational initiation site
was compatible with Kozak’s consensus sequence, and
the stop codon resides at the 101 base pair upstream to
this putaitve initiation site (8, 9). Thus, we designated
this +1ATG as a translational initiation site. The stop
codon was shown at the 609 base pairs downstream
from this initiation site, and the cDNA of HRP-3 was
sequenced and found to contain the 609 bp open read-
ing frame (ORF) encoding a protein with a calculated
M.W. of 22.6 kDa and a pl of pH 8.39. The nucleotide
sequences we acquired from the PCR products from the
Jurkat cell, human perypheral blood lymphocytes
(PBL) and testis cDNA were identical to the sequence
from the EST database, with only a two-base alteration
(G103 and C116) resulting in a two-amino acid change
(G35 and P39, respectively). HRP-3 lacks a signal pep-
tide sequence, as do other HDGF family protein and
consists of 203 amino acids; it is the shortest protein
among the HDGF family proteins previously reported
(4). The nucleotide sequence of mouse cDNA in the
coding region and translated amino acid sequences
were highly conserved to 94.7% and 98.0% of the hu-
man homologue, respectively. Two changed bases in
human HRP-3 from the EST database were conserved
in the mouse homologue, too. In the deduced amino
acid sequence, mouse HRP-3 lacks only one amino acid
and three amino acids are different from human homo-
logue (Fig. 1B). The N-terminal amino acid sequence of
HRP-3 was highly conserved to the hath region of
HDGF (Fig. 2). The N-terminal 97 amino acid sequence
of HRP-3 was 81.4% identical to the hath region of
HDGF. However, the amino acid sequence in the self-
specific region, other than the hath region, in the
C-terminal region from G98 in HRP-3 was quite differ-
ent from three other family proteins, including HDGF,
except for the conservation of the consensus sequence
for NLSs and the putative N-glycosylation site. HRP-3
has a basic motif, KRKNEKAGSKRKK (residues 136—
148, basic residues underlined), homologous to the re-
ported consensus sequences for bipartite NLSs in the
self-specific region other than the hath region (10, 11).
The location of putative NLS in the HRP-3 molecule
was almost similar to the position of the NLSs in
HDGF and HRP-1, and this putative NLS in HRP-3
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-120 accgctegtccgccpggettgaggecegeggggagegeggcgcaattegteggececgeggg  —61
-80 ggggcgocctecccggecatcttcgeggecgaccaaggactaccaggaaggggagegoetggg -1
I atggcgegtcegcggcccegegaptacaaagegggegacctggtcticgecaagatgaag 60
M AR P R P R E Y K 6 D L V F A K M K
61 ggctacccgrcactggccggecccggattgatgaactcccagagggcgetygtgaagectcca 120
G Y H W P A R | D E L P E G A V K P P
121 gcaaacaagtatcctatcttcttttttggcacccatgaaactgcatttctaggtcccaaa 180
AN K Y P ! F F F G H E T A F L 6 P K
181 gacctttttccatataaggagtacaaagacaagtttggaaagtcaaacaaacggaaagga 240
D L F P Y XK E Y K D K F G K § N K R K G
241 tttaacgaaggattgtgggaaatagaaaataacccaggagtaaagtttactggctaccag 300
F N E 6 L ¥ E I E N N P G V K F T Y Q
301 gcaattcagcaacagagetcttcagaaactgagggagaaggtggaaatactgcagatgeca 360
A 1 0 Q0 Q $ §$ E T'E 6 E 6 6 N T A D A
361 agcagtgaggaagaaggtgatagagtagaagaagatggaaaaggcaaaagaaagaatgaa 420
S 58 E E E 6 D R V E E D G K K N E
421 aaagcaggctcaaaacggaaaaagtcatatacttcaaagaaatcctctaaacagtcccgg 480
K A 6 K R K K § Yy T S8 K K § 8§ K @ S R
481 aaatctccaggagatgaagatgacaaagactgcaaagaagaggaaaacaaaagcagctct 540
K § P b E D K D C E E E N K 8§ S §
541 gagggtggagatgcgggcaacgacacaagaaacacaacttcagacttgcagaaaaccagt 600
E G D G N DT RN T T S D L Q K T S
601 gaagggacctaactaccataatgaatgctgcatattaagagaaaccacaagaaggttata 660
E 6 T %
661 tgtttggttgtctaatattcttggatttgatatgaaccaacacatagtccttgttgteat 720
721 tpacagaaccccagtttgtatgtacattattcatattcctetetgttotgtttcgggggg T80
781 aaaagacattttagecttttttaaaagttactgatttaatttcatgttatttggttgecat 840
841 gaagttgcccttaaccactaaggattatcaagatttttgcgecagacttatacatgtctag 900
901 gatccttttatcaaggcagttatgatcatcgttttcctgecttgaccccaccatcatcaa 960
961 acactcagttaaatataaattaacattttttagatgaccactcaacataatgcttaagaa 1020
1021 tggaatttcctctctgtgacagaacccaggaattaattcctasatacataacgttggtat 1080
1081 attgaagacpaaattaaaattggtccttcagttttgaggccatgtgtaaagtttaaccat 1140
1141 attgtaaaatatctattecgtattagaaatagctagttgacagcttatacttctcaaaat 1200
1201 tcatattpttatgtacacasaactaagtttctatgggtgaagttagtgagcctttggggta 1260
1261 <ctccasataaaggcatgattatttttcccaggecatacaatttggag 1307
human MARPRPREYK AGDLVEAKMK GYPHWPARID ELPEGAVKPP ANKYPIFFFG S0
MOUSE *H ok okdkokdkd Fkkkkhkkdhk Hokkkxkkkkk kokkhkdkhkd kdkkkkkkhx 50
human THETAFLGPK DLEPYKEYKD KFGKSNKRKG FNEGLWEIEN NPGVKFTGYQ 100
TNOUSE X%k %k H ok dokd Hok s Kok Kok dok Fokdokhok Ak &k Kk ok dookdokkok & kR kol kR ok k100
human AIQQQOSSSET EGEGGNTADA SSEEEGDRVE EDGKGKRKNE KAGSKRKKSY 150
mouse T********* hhkkhkhkdhkhd Fhhrbhkkhhhdh _*hhkdhdhhkrxr *G******** 149
human TSKKSSKQSR KSPGDEDDKD CKEEENKSSS EGGDAGNDTR NTTSDLQKTS 200
mouse Khkkhkhkhhhdk hkhkhkhhdkdrdkdx khhhhhhhdhd *hxhxhkhkrx ***A****** 199
human EGT 203
mouse *** 202
FIG. 1. Nucleotide and translated amino acid sequences of

human HRP-3 cDNA. (A) The nucleotide sequence of HRP-3 cDNA
is shown along with the amino acid sequence of human HRP-3
beginning with the first ATG codon. The amino acid sequence is
shown in single-letter codes. (B) The homology of the translated
amino acid sequences of HRP-3 in human and mouse genes. As-
terisks denote identical amino acid residues. Deletions are indi-
cated by dashes.
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FIG. 2. The homology of the translated amino acid sequences
between human HRP-3 and HDGF. Human HRP-3 and HDGF show
significant homology in the hath region. Amino acid residues that are
identical in HRP-3 and HDGF are highlighted by the black back-
ground, and conserved amino acid residues are indicated by the
shaded background. Gaps introduced to generate this alignment are
represented by dashes. Sequences are shown in single-letter code.
Amino acid residues for each protein are numbered from the initia-
tion methionine. Conserved amino acids are grouped as follows: (P, G),
(S, T),(Q,N), (E, D), (K R), (M,C), (V,L, I, A),and (F, Y, W, H).

should function as a potential nuclear translocation
signal (1, 4). Thus, HRP-3 is a new member of the
HDGF gene family.

HRP-3 Can Translocate to the Nucleus

In order to clarify the intracellular localization of
HRP-3, Human embryonic kidney cell line, 293 cells
were transfected of an expression plasmid encoding a
chimera protein of human HRP-3 and GFP (pQBI-
HRP3). As shown in Fig. 3, the green fluorescence
images were detected in the nucleus, not in the cyto-
plasm nor on the membrane in the 293 cells that were
transfected. Thus, HRP-3 can translocate into the nu-
cleus and may function in the nucleus.

HRP-3 Gene Expression in Human Tissues

We examined the tissue distribution of the HRP-3
gene in humans. As shown in Fig. 4A, the messages of
HRP-3 show one band about 2.5 kb in humans. HRP-3
is predominantly expressed in the brain and testis, to
an intermediate extent in the heart, and to a minimal
extent in the ovary, kidney, spleen and liver in hu-
mans. HRP-3 was ubiquitously expressed in the cen-
tral nervous system, and predominantly expressed in
the cerebral cortex and occipital, frontal and temporal
lobes, and to a slight extent in the thalamus (Fig. 4B).
However, which types of cells among the central ner-
vous system predominantly express HRP-3 remains to
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GFP

HRP3-GFP

FIG. 3. Nuclear localization of HRP-3. Human 293 cells were
transiently transfected with the expression vector encoding GFP-
tagged HRP-3 cDNA. In the condition excited by 488-nm waves, 293
cells were imaged microscopically. Green fluorescence was deter-
mined in the nucleus.

be investigated using in situ hybridization methods or
immunohistocytochemistry. And also in mice, HRP-3 is
predominantly expressed in the brain and testis, and
moderately in the heart and kidney (data not shown).
These results show that HRP-3 is highly expressed in
the brain and heart as well as in the testis as compared
to HDGF, HRP-1 and HRP-2. It may play an important
role, mainly in these organs, as compared to other
family proteins.

HRP-3 Gene Mapped to Human Chromosome 15
by FISH Analysis

Next we investigated the chromosomal localization
of HRP-3 in human by FISH analysis. Under the con-
ditions used, FISH detection efficiency was approxi-
mately 71% for the HRP-3 cDNA probe (1.2 kb long);
among 100 mitotic figures that were checked, 71 of
them showed signals on one pair of chromosomes.
Since the DAPI banding was used to identify the spe-
cific chromosome, the assignment between signals
from the probe and the long arm chromosome 15 was
obtained. Figure 5 shows the FISH signals on chromo-
some 15. The detailed position was further determined
in the diagram based on the summary of 10 photos
(Fig. 5B). Thus, HRP-3 is mapped to human chromo-
some 15, region g25.

Growth Stimulating Activity

Human embryonic kidney cell line 293 cells were
transfected of an expression vector containing GFP-
tagged human HRP-3 cDNA (pQBI-HRP3). After about
1-week of geneticin selection, GFP-HRP-3 transfected
cells were obtained. After confirming their green fluo-
rescence in the nucleus by microscopy, their thymidine
uptake was measured. As shown in Fig. 6, the DNA
synthesis of the 293 cells overexpressing GFP-HRP-3
significantly increased compared to that of the 293
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cells transfected of the pQBI vector only or parent cells.
These findings suggested that HRP-3 may function as
an intracrine factor in the nucleus for cell proliferation.
Whether HRP-3 acts on the cells outside and stimu-
lates the DNA synthesis of the 293 cells has not yet
been investigated. The mechanism of HRP-3 stimulat-
ing cell growth in the nucleus still remains to be clar-
ified in the future.
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FIG. 4. The tissue distribution of HRP-3 mRNA expression in
humans. (A) Northern blot analysis of HRP-3 mRNA in various
human organs. Human multiple tissue Northern blots were used.
Each lane contains 2 ug of highly pure poly(A)” RNA from various
human tissues. Numbers on the left indicate RNA size markers (in
kilobases). (B) Northern blot analysis in human brain.
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FIG. 5. Chromosomal localization by FISH analysis. (A) Photography of FISH mapping of probe HRP-3. The left panel shows the FISH
signals on a chromosome, and the right panel shows the same mitotic figure stained with DAPI to identify chromosome 15. (B) Diagram of
FISH mapping results for probe HRP-3. Each dot represents the double FISH signals detected on chromosome 15.

DISCUSSION

HRP-3 is the third member of HDGF-related pro-
teins and its nucleotide and amino acid sequences are
highly conserved in humans and mice. Although hu-
man homologue of other HDGF family protein (HRP-1
and HRP-2) have not yet been cloned, the nucleotide
and amino acid sequences of HDGF are highly con-
served between humans and mice, too. Thus, we con-
sider that the HDGF family proteins may be highly
conserved in mammalian species. HRP-3 also has an
N-terminal amino acid sequence consisting of 97 amino
acids highly homologous to the hath region conserved
in the HDGF family proteins. Among the four members
of the HDGF family proteins, the homology of the hath
region is 80~92% in the amino acid sequences. We
estimate that the hath region of these proteins might
function as the critical region and a domain for protein-
protein interactions or protein-DNA interactions in the
nucleus. However, the mechanism of how the highly
conserved region, which consists of about 100 amino
acids in the N-terminus of the HDGF family proteins,
should function for the activities of these proteins has
not yet been made clear. The function of the hath
region will be clarified in the future.

Itis interesting that HRP-3 has a bipartite NLS in a
self-specific region other than the hath region, and can
translocate into the nucleus. HDGF, HRP-1 or HRP-3
has a putative NLS in a similar position, about 60-70
amino acids upstream from the C-terminus of each
molecule. HRP-2 has several charge clusters in its self-
specific amino acid sequence other than the hath re-
gion, which are characteristics of eukaryotic regulatory
proteins, including transcription and replication fac-
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tors functioning in the nucleus (4). Immunohistochem-
ical studies showed that HRP-1 was present in the
nucleus of germ cells in mouse testis (12). Thus, the

(cpm)
. 293 parent
1500007 7
_ /) 293/GFP
0 293/GFP-HRP3
2 -
]
g
8 ]
2 100000
T
L
n
o
)
50000

o

0%

5%
FCS concentration

FIG. 6. Growth of HRP-3-overexpressing cells. The DNA synthe-
sis of HRP-3-overexpressing 293 cells was significantly elevated.
Plasmid pQBI containing GFP-tagged HRP-3 cDNA (pQBI-HRP3)
was transfected into 293 cells. After 1-week selection with geneticin,
viable cells were seeded and [H*]Thd incorporation into DNA was
measured as described under Materials and Methods. Error bars
correspond to SEM using quadricate cultures.
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HDGF family proteins, including HRP-3, may function
mainly in the nucleus.

Among the HDGF family proteins, HDGF and
HRP-2 are ubiquitously expressed, but HRP-1 is spe-
cifically expressed in the testis by Northern blot anal-
ysis in mice suggesting that HRP-1 may play an im-
portant role in meiosis in mouse spermatogenesis (1, 4,
10, 12). In humans, HDGF is highly expressed in the
testis and skeletal muscle, moderately in the liver and
kidney, and mildly in the heart, brain and lung (1). In
comparison to HDGF, HRP-3 is predominantly ex-
pressed in the testis, brain and heart, however, it is
expressed very little in other human organs. The ex-
pression of HRP-3 in muscle was very weak. The tissue
distribution of HRP-3 is quite different from that of
HDGF in humans except for high expression in the
testis. These results suggest that in humans, HRP-3
may play an important role in cell proliferation or
differentiation in the brain and heart than HDGF.
HDGF has been reported to be expressed in mesenchy-
mal cells (3). What kinds of cell types predominantly
express HRP-3 remains to be investigated in the brain
and heart.

HDGF stimulates the cell proliferation of fibroblasts,
endothelial cells and hepatoma cells. HRP-3-overex-
pressing cells also show significant stimulation of their
DNA synthesis. Several growth factors, such as FGF-
1,2,9 and Schwanomma-derived growth factor, were
reported to stimulate the DNA synthesis after nuclear
translocation. Although it is not clear how HRP-3
works for the cellular growth, the nuclear translocation
ability suggests that HRP-3 mainly functions in the
nucleus, possibly in an intracrine and/or autocrine
fashion. On the other hand, it was recently reported
that p52/p75 containing the hath region, was a tran-
scriptional factor or a transcriptional cofactor, which
mediated functional interactions between upstream
sequence-specific activators and the general transcrip-
tion apparatus (13). HRP-3 might function as a tran-
scriptional factor or a transcriptional cofactor for the cel-
lular growth. Further studies must be done to make clear
of the functional mechanism of HRP-3 in the nucleus.

The HRP-3 gene was mapped to chromosome 15,
region 25 in humans. The human HDGF gene was
reported to be mapped to the X chromosome (14).
Therefore, HRP-3 is quite different from HDGF in hu-
mans, although the chromosomal localization of other
HRP genes, HRP-1 and HRP-2, have not been demon-
strated yet. The genes that have been reported to be
mapped to human chromosome 15, g25 are the human
Bloom’s syndrome protein (BLM) gene, human aggre-
can gene, human DNA-PKcs interacting protein (KIP)
gene, the tyrosine kinase receptor (TRK) C, human
homologue to the apoptosis associated-murine mam-
mary protein (MFG-E8) and c-fes oncogenes (15-20).
On the other hand, a gene for osteosclerosis was re-
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ported to be localized in the area of chromosomel5, 25
by linkage analysis (21). Craniosynostosis was associ-
ated with partial duplication of chromosomel5, gq25-
gter (22). By comparative genomic hybridization of ad-
enocarcinomas developed from gastric mucosa and
hepatocellular carcinomas, recurrent high level ampli-
fication or recurrent loses could be determined in this
region of chromosomel5, g25 (23, 24). Thus, HRP-3
might be related to these diseases or carcinogenesis in
stomach and liver.

In summary, we cloned and characterized a new
member of HDGF family, HRP-3. We have demon-
strated that HRP-3 translocates to the nucleus and
induces cellular growth. Further investigations includ-
ing the targetted disruption or transgenic models will
reveal the precise mechanism and function of the
HDGF family proteins.
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