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Abstract

This project is aimed at dissecting the role of
hepsin by transgenic technology. We have
created hepsin knockout mice (published).
Hepsin null mice were phenotypically normal,
fertile and showed no apparent difference
from wild-type mice in blood coagulation
and blood chemistry. This indicates that
hepsin is not essential for embryogenesis. It
is also not critical for the maintenance of
basal level blood coagulation. To further
characterize hepsin’s interaction with factor
VlIa, a plasma clotting factor essential for the
initiation of blood coagulation, we have
created hepsin transgenic mice with
wild-type and active-site mutated hepsin gene
under the control of the Tie2 promoter and
enhancer. We generated transgenic mice
with overexpressed hepsin in vascular
endothelial system, which is in direct contact
with plasma coagulation factors, aiming at
revealing the relationship between hepsin and
these proteins.Hence we generated two



transgenic constructs, each containing
Tie2-promoter-driven wild-type and
catalytic-site-mutated hepsin cDNA
respectively, and had them microinjected into
the pronuclei of E0.5 mouse embryos.
Subsequently, E12.5 embryos were harvested
and subjected to /3 -gal staining in which the
cardiovascular tissue of these embryos
showed positive results. We observed a
~50% mortality rate within 24 hours after
birth for newborn hepsin transgenic mice
compared to ~20% of control and hepsin
mutant transgenic mice. There was only
~20% of the newborn mice carrying the
transgene, indicating that some might have
died in the womb. The survival rate of the
E13 embryos injected with wild-type hepsin
construct significantly dropped to 18% if
compared to 47.5% of control. And
compared with earlier stage (E11), positive
samples of [3-gal staining percentage also
demonstrated a reducing of 60%. Presumably,
these transgenic mice had died in the womb
at 13 days p.c..In conclusion, hepsin
overexpression in vascular endothelial cells
might cause embryonic lethality, comparable
to the short-term survival of only a few of
those transgenic mice. And related
histological and pathological mechanism are
under studing.

Keywords: Gene knockout, Transgene,
Hepsin, Tie2
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Summary

Hepsin, a liver-enriched novel serine protease, has been implicated
in participating with normal cell growth, embryogenesis, and blood
coagulation pathway. To study its function in vivo, we have disrupted
the mouse hepsin gene by homologous recombination. Targeted
disruption of the hepsin gene and ablation of hepsin message were
demonstrated by Southem blotting, Northern blotting and RT-PCR ana-
lysis. Homozygous hepsin -/~ mice were viable, fertile, and exhibited
no gross abnormalities, as judged by the size, weight and blood coagu-
lation (PT) assays. However, the serum concentration of the bone form
of alkaline phosphatase, aspartate aminotransferase, and alanine ami-
notransferase of the hepsin -/- mice was mildly elevated, in spite of
no obvious pathological change of hepatocytes. To examine whether
hepsin is involved in controlling cell growth in adult tissues, 70%
hepatectomy was applied to the hepsin -/- mice. Liver regeneration
proceeded normally in the hepsin -/- mice as judged by the liver mass
restoration rate. These results suggest that loss of hepsin function
causes no effect in cell growth and embryogenesis in vivo, which is in
contradiction to the studies using in vitro cell culturing system. More-
over, gross mass regeneration of liver after damage proceeds normally
in the absence of functional hepsin.

Introduction

Hepsin is a type II transmembrane protein with a hydrophobic re-
gion of 27 amino acids located at the N-terminus (18 amino acids down
from the first methionine) serving as a transmembrane signal, whereas
a carboxyl terminus featuring the serine protease function exposed
extracellularly (1, 2). The primary amino acid sequence of hepsin is
highly homologous to trypsin and trypsin-like blood clotting factors,
and it is likely to be synthesized as an inactive zymogen, which is
converted to an active enzyme by cleavage at the site of residues
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Argl62-1le163 (1, 2). The mechanism regulating hepsin’s activity by
proteolysis is not quite known, although autocleavage has recently
been proposed (3). Enzymatically activated hepsin is a two-chain mole-
cule consisting of the non-catalytic amino-terminus (residues 1-162)
held by disulfide bonds to the catalytic carboxyl-terminus (residues
163-417). Expression of hepsin is not tissue-restricted. Its transcript is
detected abundantly in liver, while low level of expression is also
detectable in kidney, pancreas, testis, lung, thyroid, and pituitary gland
in mammals such as human, baboon, and mouse (4, 5). It is barely
detectable in human endothelial cells, smooth muscle cells and skin
fibroblasts. Several cell lines including hepatoma cell lines and some
primary tumors such as ovarian cancer and renal cell carcinoma also
have elevated expression of hepsin (5, 6).

Several lines of evidence indicate that hepsin may function in con-
trolling normal cell growth as well as in activating coagulative factor
VII to its active form-VIla (4, 7). Growth arrest was observed in
HepG2, a hepatoma cell line expressing hepsin, when the cells were
treated with anti-hepsin antibodies or hepsin-specific antisense oli-
gonucleotides (4). The expression of hepsin was first detected in pre-
implantation mouse embryos as early as the two-cell stage (3), and
later in actively growing tissue of mice embryos beyond day E10.5 (8),
suggesting its involvement in developmental processes. In addition, the
cytoplasmic tail of hepsin might participate in intracellular signal trans-
duction pathway since an alternatively- spliced RNA transcript is
found, which codes for an extra 20 amino acids with a twisted struc-
ture (3, 9, 10). The role of hepsin in initiating blood coagulation is sup-
ported by transfection experiments, which showed that by expression of
hepsin in baby hamster kidney (BHK) cells, the cells specifically
converted exogenously added factor VII to active factor VIIa, and ulti-
mately leading to the generation of thrombin (11). Thrombin is in-
volved in a lot of physiological and malignant processes, with or
without the coupling of its receptor(s) (12-18).

The role of hepsin in development and coagulation was recently
examined with hepsin-deficient mice (19). The results indicate that
hepsin is not essential for embryonic development and normal hemo-
stasis. Here we report the generation of hepsin-deficient mice by using
a targeting vector to cause genomic deletion of hepsin’s exon 9 and 10.
Exon 9 and 10 of hepsin encode amino acid residues 186 to 270, includ-
ing the histidine and aspartic acid residues of the catalytic triad (resi-
dues 202 and 256, respectively, numbering system following ref. 3).
We therefore reasoned that such deletion might cause functionally in-
active hepsin, which is confirmed by the absence of hepsin’s transcript
and protein. The hepsin null mice exhibit no apparent abnormality in
embryogenesis and organogenesis, which is consistent with the other
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Fig. I Targeted disruption of the mouse hepsin gene. Pane! A. Genomic structure and restriction map of the murine wild-type hepsin, the pPNT-hepsin plasmid,
and the recombinant hepsin allele after homologous recombination are shown. Location of the probes (N and A), and the sizes of diagnostic fragments are indi-
cated. Filled blocks, exons; arrowhead, direction of the neo and hsv-tk genes (hatched and gray areas, respectively). Panel B. Genotyping by Southern blot
analysis. Genomic tail DNA were isolated from wild-type (+/+), heterozygous (+/-), and homozygous (-/-) hepsin knockout mice and digested with Xbal (Xb) and
Sacl (S). The NC blot was probed with probe A. The bands corresponding to the wild-type (8.9 kb) and mutant (8.2 kb) are indicated. B: BamHI, E: EcoR], N:
Notl, Xh: Xhol, Bs: BstXI. Panel C. Northern blotting using full-length human hepsin and GAPDH probe. RNA was prepared from liver as described in “Mate-
rials and Methods”. +/+, wild-type mouse; +/-, heterozygous; -/-, homozygous hepsin knockout mice. Panel D. RT-PCR of total liver RNA from hepsin homo-
zygous KO mice and wild-type C57BL/6J mice. Reactions with PCR only, with DNasel treatment prior to PCR, or with DNasel treatment prior to RT experiments
were indicated above each lane. H and G stand for PCR reaction using hepsin and GAPDH specific primers, respectively

report. We further examined hepsin’s role in hepatocyte regeneration in
adult mice, since it has been proposed to play a role in controlling nor-
mal cell growth in fast-growing tissues (see above). We found that the
hepsin null mice have an unchanged liver regeneration rate even after
70% partial hepatectomy (PH) compared with that of normal ones. Our
results suggest that hepsin is not required for embryogenesis and also is
not essential for regulating cell growth, which is obviously contradic-
tory to the results obtained from the in vitro cell culturing system.

Materials and Methods

Targeting vector. Isogenic hepsin genomic DNA was obtained by screening
a 129/sv-mouse genomic library (a gift of Dr. Begue, Pasteur Institute, France)
with a human hepsin cDNA (obtained by RT-PCR of a human liver RNA with
primer 5"-TGAGTGGGCCGGCCACTGTGG AAGAGAGG-3' for reverse
transcription and 5’-AGGTCAGCCAGGGAATCATTAACAAGA G-3' and
5'-GTCAGGGCTGAGTTACCAT GCCG-3' for PCR). A clone with an insert
size of approximately 18 kb, containing most of the genomic sequence of hep-
sin except exon 1 to 5’-portion of intron 1 was isolated and used in construct-
ing the targeting vector. Disruption strategy was to interrupt and delete the co-
ding sequence of hepsin from the 186% codon in exon 9 to the 270% in exon 10
by replacing the deleted region with the neomycin resistant gene from pPNT
(20). The 5* homologous region was a 3.5-kb BamHI-BsrXI fragment, contain-
ing sequences from intron S to exon 9 truncated at the BsfXI site, and the 3’
homologous region was a 6-kb EcoRI fragment with sequences from intron 10
to intron 14. Both fragments were isolated from the 18 kb insert by digestion
with appropriate enzymes, changed to BamHI and Xhol sites, respectively, and
subcloned to the unique BamHI and Xhol sites of pPNT. The resulting targeting
construct, pPNT-hepsin, is 16.7 kb in size (Fig. 1A).

Generation of hepsin-deficient mice. Embryonic stem (ES) cells (from Dr.
C. Babinet, Pasteur Institute) were grown and maintained as described (21).
The pPNT-hepsin was linearized with NotI and electroporated into the ES cells,
which were then selected in media containing G418 and gancyclovir as de-
scribed (21). Electroporation condition was 220 V and 975 pF. Genomic DNA
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isolation and Southern blotting were performed with the survival ES cell clones
following standard procedure (22). The ES cell clones with correct homologous
recombination were introduced to blastocysts of C57BL/6J mice by micro-
injection using standard technique (22). Breeding of the chimeric mice was
done by crossing the hepsin konckout mice with C57BL/6J to generate F1; F2
was generated by intercrossing of F1 littermates. Tail DNA preparation
followed standard procedures (22-24). The identification of the F1 heterzygous
and F2 homozygous hepsin knockout mice was by Southern blotting analysis of
the tail DNA as described for ES cells. PCR was performed with tail DNA to
screen for pups of subsequent breeding of the F1 and F2 mice. The PCR condi-
tion was 35 cycles of 94° C, 30 sec, 60°C, 1 min and 72°C, 2 min. The
oligonucleotide primers used were 5’-AGGAAGC TGCCGGTGGACCG-
CATT-3’ (forward) in intron 9 pairing with 5’-AACTGTTCGCCAGGCT-
CAAGGC-3’ (reverse) in the neo gene for the recombinant allele (the product
size was 0.9 kb), and pairing with 5’-CCGAGACAGGACCC GGTTCC-3’
(reverse) in the deleted exon 10 for the wild-type allele (product size, 0.27 kb),
respectively. The PCR mixtures contained 0.3-1 pg tail DNA, 200 pM dNTP,
200 nM each of the primers, 2.5 U Taq DNA polymerase in 50 p reaction buf-
fers supplied by the manufacturer (Amersham Pharmacia Biotech Inc., UK).
RNA isolation, Northern blotting analysis, and RT-PCR. Total RNA was ex-
tracted from tissues using TriZol reagent (GibcoBRL, USA) following manu-
facturer’s instructions. Northern blotting was performed using the glyoxal
method as described (25). In brief, 20 g of total RNA was fractionated on 1%
glyoxal-denaturing gel, transferred onto the nylon membrane (Nytran plus,
Schieicher & Schuell, Dassel, Germany), and hybridized at 42° C to 32P-labeled
full-length human hepsin cDNA prepared by random priming (rediprime II,
Amersham Phamacia Biotech, UK). After washing away the unbound probes,
the signal was visualized by autoradiography. The same membrane was subse-
quently stripped and re-probed with 32P-labeled human glyceraldhyde-3-phos-
phate dehydrogenase (GAPDH) cDNA as control for RNA integrity. For RT-
PCR, 5 pg of total RNA was first reverse transcribed into cDNA using reverse
transcriptase (Superscript RT, GibcoBRL, USA) and random hexamers. The
cDNA was amplified by PCR for 35 cycles of 94° C, | min, 55° C, 2 min and
72° C, 2 min using primers specific for hepsin (forward: 5’-GGCACATCGG-
GCT TCTTCTG -3’ and reverse: 5’-CCGAGACAGGACCCGGT TCC-3") or
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GAPDH (forward: 5’-GACCACAGTC CATGCCATCAC-3’, and reverse: 5'-
TCCA CCACCCTGTTGCTGTAG-3). The GAPDH was used as an internal
control. The PCR products were analyzed by electrophoresis on 2% agarose
gel. Parallel samples were subjected to DNasel treatment (GibcoBRL) prior to
the RT reaction to eliminate the possibility of genomic DNA contamination.

Clinical chemistry and blood clotting assay. Whole blood was collected pe-
riodically by puncture of the retro-orbital plexus of mice using capillary tubes
and allowed to clot at room temperature. Serum samples were isolated by cen-
trifugation (5000 rpm, 10 min, Eppendorf 5415C, Germany) and were analyzed
for blood chemistry items including total protein, albumin, total billirubin, as-
partate aminotransferase (AST), alanine aminotransferase (ALT), alkaline
phosphatase (ALP), amylase, creatine kinase (CK), lactate dehydrogenase
(LD), and vy-glutamyltransferase (y-GT) by the facilities (Hitachi 7170A Auto-
matic Analyzer, HITACHI, Japan) at the Clinical Laboratory of the National
Taiwan University Hospital. ALP isoforms were separated by eletrophoresis of
20 p! serum samples on Hydragel ISO-PAL affinity agarose gel at 100 V for
40 min, and visualized by staining with substrates for ALP (Indolyl phosphate
and NBT, Nitro-Blue Tetrazolium) according to the manufacturer’s in-
structions (Hydragel ISO-PAL kit, Sebia, France). For blood clotting assay,
prothrombin time (PT) was measured with citrated plasma as described (26).
Mouse whole blood was collected in 3.8% sodium citrate buffer at a ratio of 9:1
and centrifuged at 10,000 rpm (Eppendorf 5415C) for 5 min to separate plasma
from blood cells. PT assays were performed by adding 100 ! plasma to 200 .l
of tissue thromboplastin reagent (Thrombore! S, Behring, Germany) and the
time for fibrin clot formation was monitored and recorded on Fibrin Timer 2
(Behring).

Partial hepatectomy (PH) and evaluation of liver regeneration. Liver regen-
eration was induced in 8- to 10- week-old mice by 70% partial hepatectomy as
described by Higgins and Anderson (27). Under Ketamin anesthesia, the medi-
al and left lateral lobes of the liver were ligated at the vascular stalk and re-
moved. The rate for liver regeneration was estimated by the mass restoration
rate and calculated as follows: actual weight of remnant liver divided by
the weight of prehepatectomy liver X 100%, where prehepatectomy liver was
3/2 weight of initially resected liver. In vivo BrdU labeling was also used to
evaluate hapatocyte DNA synthesis during liver regeneration. BrdU (Sigma,
10 ng/g body weight) was injected intraperitoneally 2 hr before sacrifice. The
regenerated liver was harvested at 0, 24, 48, and 96 hr after PH, 4% formaline
fixed, sectioned and stained with antibodies to BrdU (BrdU staining kit, Onco-
gene). Positive, dark-stained hepatocyte nuclei were counted in 10 different
400X fields/tissue section. Tissue sections from 3 hepsin KO mice and wild-
type control mice were evaluated at each time point after PH.

Histology. Liver samples were fixed in 10% neutral-buffered formalin and
processed according to standard methods. Staining used hematoxylin and eosin
(H & E), and microscopic examination was performed on regular microscope
(Nikon, Model Microphot-XFA).

Results

Generation of hepsin-deficient mice. As shown in Fig. 1A, the
pPNT-hepsin contained the neomysin-resistant expression cassette re-
placing the part of exon 9 and the entire exon 10 of the hepsin genomic
sequence. The resulting targeted recombination event with this vector
causes deletion of the mouse hepsin from amino acid residues 186 to
270, which include the Thr-Ala-Ala-His-Cys active-site histidine (resi-
dues 199-203) and the Asp-Ile-Ala-Leu-Val active-site aspartic acid
(residues 256-260). Southern blotting of Xbal and Sacl double-digested
genomic DNA from ES cell clones and their derived mice with 3’probe
would detect a 8.2 kb fragment in a recombinant allele, whereas the
wild-type allele would yield a 8.9 kb fragment (Fig.1A and 1B). A total
of 250 ES cell clones surviving G418 and gancyclovir selection were
analyzed by Southern blotting and 5 clones showed heterozygous F1
(hepsin £) with two fragments of 8.2 kb and 8.9 kb, compared with the
wild-type with 8.9 kb signals. Homozygous F2 hepsin null (hepsi -/-)
mice were successfully breeded by mating heterozygous F1.

AST (u)

CBAxB6 B6 KO

B

ALT W)

CBAxB6 B6 KO

ALP )

4

2
1
]

CBAxB6 B6 KO

Fig. 2 Comparison of serum AST, ALT and ALP levels in hepsin knockout
mice and wild-type mice. Serum samples were prepared from 8 to 10 weeks old
male (black bar) and female (white bar) mice as described in materials and
methods. Panel A. Serum AST level. Panel B. Serum ALT level. Panel C.
Serum ALP level. The numbers of mice used in each group were as follows.
CBA X B6 : male, n = 14; female, n = 17. B6 (C57BL/6J): male, n = 11;
female, n = 14. Hepsin knockout mice (KO): male, n = 10; female, n = 13.
Data are presented as the mean = SD. CBA X B6: F1 mice of CBA strain
crossed with C57BL/6]

To verify that the targeting construct completely eliminated hepsin
RNA expression, Northern blotting and RT-PCR were performed with
RNA from putatively hepsin-null mouse liver tissues. Northern blotting
(Fig. 1C) demonstrated complete absence of the hepsin RNA in the F2
hepsin -/- mice evidenced by the lack of both the 1.8 kb and the 1.9 kb
alternatively spliced form (3, 9), which was in tumn detected in the liver
of wild-type or heterozygous F1 mice. Moreover, we did not detect any
truncated or fusion forms of hepsin (size checked from 0.1kb up). A 1.5
kb human GAPDH c¢DNA fragment was used as an internal control.
The results were further confirmed by more sensitive RT-PCR experi-
ments (Fig. 1D). Showing an absence of hepsin message in the liver.
We conclude that the hepsin null mice were successfully produced.

Serum levels of ALP, AST, and ALT are mildly increased in hepsin
deficient mice. Upon observation over 50 weeks, the hepsin -/- mice
were viable and fertile without any gross abnormality, suggesting that
lack of hepsin causes no effect in embryogenesis, normal life sustaining
process and fertilization. The male to female ratio of the hepsin -/-
mice is 1:1. Since hepsin is implicated in the regulation of coagulation,
we have examined the bleeding time of the hepsin -/- mice. As judged

867



Thromb Haemost 2000; 84: 86570

A

Mana raatoration (%)
A EXELE:
1
f

Fig. 3 Evaluation of liver regencration. Panel A. Rate of liver mass restora-
tion afier partial hepatectomy (PH). An average of six animals were examined
in each group at each time point. The restoration rate at the indicated time point
was calculated as described under “Materials and Methods”, Panel B. H & E
stain (top panels) and BrdU labeling of liver tissue before (0 h) and after (96 h)
PH. Liver samples were taken at 0 h and 96 h after PH. Representative photo-
micrographs of liver sections are shown from wild type (+/+) and hepsin-KO
(+/-) mice. H& E stain were samples prior to PH, The dark-stained nuclei indi-
cated BrdU-labeled nuclei of hepatocytes. (Magnification = X 200)

by a tail bleed, the bleeding time of the hepsin -/- mice was similar to
that of wild-type and heterozygous hepsin +/- mice. The PT clotting
time was also similar for hepsin -/-, hepsin +/-, and wild type mice.
The averaged values were 8.7 +0.35 sec (n=10) and 8.69 £ 0.58 sec (n
= 11) for hepsin -/- male (former) and female (fatter) mice, compared
with 8.71 £ 0.34 sec (n = 10) and 8.5 + 0.25 sec (n = 10) for wild-type
male and female mice, respectively. This indicates that hepsin is not es-
sential for the VIIa-TF dependent extrinsic coagulation pathway. Blood
chemistry analysis was performed to search for any pathologica! condi-
tion. The results showed that the homozygous hepsin -/- mice contained
elevated levels of alkaline phosphatase (ALP) and mildly elevated AST
and ALT, all being the markers of hepatocellular damage, compared
with those of the wild-type mice (Fig. 2). The increased levels of ALP,
AST, and ALT seem to be gender-independent since both hepsin -/-
female and male mice showed the same results. Further analysis for
ALP isoenzymes demonstrated that the elevation was due to increase of
the bone form ALP (data not shown). The ALP result is in agreement
with the data of previously reported hepsin null mice (19). However,
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the AST and ALT results are not consistent with the previous finding.
The reason for increased ALP, AST and ALT of hepsin -/- mice is
unclear at this moment. We did not observe any morphological abnor-
malities of hepatocytes such as inflammatory cell infiltrate, degenera-
tion, necrosis, apoptosis by H&E stains or hepatitis virus infection (by
ELISA testing of the presence of circulating antibodies specific for
mouse hepatitis virus). Other parameters of liver function such as the
level of total protein, albumin, total bilirubin, amylase, creatine kinase,
lactate dehydrogenase and y-GT in hepsin null mice is similar to those
of the wild-type mice (data not shown).

Liver regeneration rate is unchanged in hepsin deficient mice. Since
hepsin null mice showed no defect in embryogenesis, we further
examined whether it is involved in controlling cell growth in the adult
stage based on reports from in vitro assay by Tsuji et al. (4). Groups of
hepsin -/- and wild-type mice were subjected to a two-thirds partial he-
patectomy (PH}) to induce liver regeneration. The liver mass restoration
was estimated at 24, 48, and 96 hours after PH. As shown in F ig. 3A,
the liver regained its mass up to 70% within 96 h after PH in our study.

_ However, no significant difference in liver mass restoration was seen at

each time point. The hepatic DNA synthesis rate afier PH was also
evaluated using BrdU in vivo labeling. Similar numbers of BrdU posi-
tive hepatocytes were obtained at 24 h, 48 h and 96 h, afler PH from
wild-type and hepsin-KO liver section. An example of 96 h after PH is
shown in Fig. 3B. The morphology of regenerated livers also exhibit no
histologically detectable differences between wild type and hepsin -/-
mice. This result indicates that hepsin is not involved in hepatocyte
growth and proliferation after PH and is not necessary for liver regen-
eration in adult mice.

Discussion

To gain a better understanding of the in vivo function of hepsin, a
novel serine protease, we have generated mice carying a disrupted
hepsin gene. Mice deficient in hepsin are viable, fertile, and exhibit no
gross abnormalities, as judged by the size, weight and blood coagula-
tion assay. These are in agreement with the report of Wu et al. of hepsin
knockout mouse that exhibited a normal hemostasis function (19).
Blood coagulation is thought to be triggered by the formation of factor
VII (VHa) and TF complex. The presence of basal levels of factor Vila
in circulation could contribute to the physiological hemostasis, but its
origination is still under debate. Factor IXa, factor Xa or factor Vlia-TF
have been investigated as the key regulators of basal levels of factor Vil
(VIla). Factor [Xa apparently plays a major role in maintaining this nor-
mal plasma concentration of factor V1la since patients with hemophilia
B, but not patients with hemophilia A, have been found to have signifi-
cantly reduced levels of factor VIla (28). The implication of hepsin
being capable of activating VII to VIla provide a new and attractive
viewpoint to the initiation of blood clotting (7, 11). One explanation for
the normal blood clotting ability observed in hepsin -/- mice is that the
redundancy of groups of serine proteases regulating the cascades of
coagulative processes. Another possibility is that other coagulation
factors such as factor IXa compensate for the function of hepsin.
Clearly, the phenotype of mice lacking both hepsin and factors in the
coagulation pathway will be informative as it directly addresses the
question of the origin of basal level factor VIla in the circulation
system.

In addition, the liver of hepsin null mouse developed normally and
showed no difference in the hepatocyte regeneration rate, as demon-
strated by the partial hepatectomy experiment. Mammalian liver has the
unique ability to undergo regeneration after injury (29). The process of
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liver regeneration is regulated by lots of growth factors and thus pro-
vides a useful model in studying hepatocyte growth and proliferation in
vivo (29). The lack of difference in liver mass restoration observed in
our hepsin knockout mice indicates that hepsin is not required for liver
regeneration in mice. One explanation is that hepsin did not participate
in postnatal hepatocyte growth and proliferation as suggested by studies
using in-vitro cell culturing system (8). Altemnatively, loss of hepsin
function may be compensated for other functionally related gene pro-
ducts, presumably other serine proteases.

The expression of hepsin on various cancer cell lines such as the
hepatocellular carcinoma cells (HepG2 and the Alexander cells) and
the osteosarcoma cells, and its ability to generate thrombin has pro-
vided further insight into its role in tumor migration and metastasis,
a complex series of multistep processes (30, 31). It is well known that
cancer is always complicated by thrombosis due to elevated procoagu-
lative effect and molecules of the blood coagulation cascade have been
demonstrated to be involved in thrombin formation (32-36). Conse-
quently, in malignant cells, thrombin mediates the adhesion of cancer
cells to endothelial cells through fibrin formation and platelet activa-
tion (12-16, 37) and fibrin in turn acts as glue that facilitates tumor cell
adhesion and the pathogenesis of tumor growth and metastasis. Support
for these ideas comes from observations that anticoagulants (such as
warfarin) and fibrinolytic agents (like plasminogen activator and
urokinase) could lower the numbers of tumor metastasis (17, 38-40).
They either prevent the formation of activated clotting factors like fac-
tors VII, 1X, X and thrombin (warfarin), or they dissolve tumor-
associated fibrin clots and thus destroy the extracellular matrix and
basement membrane (t-PA and urokinase). The hypercoagulative
phenomenon in malignancy has been divided into tissue factor (TF, the
cofactor for factor VIla)-dependent and -independent activation
process of coagulation (34, 35). Hepsin is capable of activating factor
VIl to Vlla and leading to thrombin generation in the absence of TF,
suggesting that it confer a TF-independent procoagulation activity (11).
Moreover, there are reports indicated the presence of the different alter-
natively spliced form of hepsin mRNA in murine hepatocytes that may
translate a full-length hepsin molecule with an extra 20 amino acid
residues at the cytoplasmic tail shaping it into a signaling peptide (3, 9).
We have examined the presence of this hepsin mRNA molecules
in human and mouse liver tissues as well as in human primary
hepatoma tumors. Our RT-PCR results using species and allele
specific primers, suggest that while both the shorter and longer forms of
hepsin mRNA can be detected in mouse liver, only the shorter
hepsin mRNA can be detected in human liver tissues, either normal or
malignant (data not shown). This is in agreement with previously
reported results and again suggesting a possible different role of hepsin
in human and mouse (3). More experiments have to be performed to
address the role of hepsin in human and its relation to the metastasis of
tumor cells.
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