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LETTERS TO
IHE EDITOR

Hepatocyte growth factor

SIR,-We read with interest the recent leading
article entitled Growth factors and the liver (Gut
1991; 32: 601-3). However, although the
recently characterised hepatocyte growth
factor (HGF) undoubtedly plays an important
part in the control of liver regeneration, in the
last year there have been several major develop-
ments which add further insight into the
biological role of this increasingly important
polypeptide.
HGF, far from being specific for liver cells as

suggested, seems to belong to a family of
factors that act on epithelial cells from a
number of different tissues and are probably
synthesised and released by cells of mesen-
chymal origin. Scatter factor, which induces
epithelial cell migration and is synthesised by
mouse and human fibroblasts, has close amino
acid sequence homology with HGF.' Another
member of the family, keratinocyte growth
factor (KGF), although having no homology
with HGF, is also epithelial cell specific and is
released by fibroblastic cells.2 More recently, a
third factor, lung fibroblast derived growth
factor, which is a potent mitogen for epithelial
cells from skin, breast, and lung but not for
fibroblasts from different origins, has been
shown to be identical or at least closely
homologous to HGF.3 HGF itself stimulates
growth of melanocytes, keratinocytes, and
renal tubular epithelium.4"

Increasing excitement arose with the report
that the normal cellular homologue of the
oncogene met, first identified some seven years
previously as a transforming gene in a
chemically transformed human osteosarcoma
cell line, was the plasma membrane receptor
for HGF.6 Met is a membrane spanning recep-
tor with tyrosine kinase activity. HGF, there-
fore, belongs to the major family of growth
factors which includes epidermal growth
factor/transforming growth factor a (TGFa),
platelet derived growth factor, and the insulin
like growth factors with associated receptor
tyrosine kinase activity. These developments
clearly have important implications with
regard to the possible role of HGF in the
pathogenesis of diseases, including neoplasia,
in various tissues in addition to the liver.

Although tissue non-specificity is estab-
lished, this in no way devalues the potential
importance of HGF in regulation of liver
regeneration. The time course of increased
HGF expression after partial hepatectomy or
CC1, administration in the rat7 is sufficiently
early for it to act as the growth initiating
mitogenic signal and it remains the prime
candidate as the elusive hepatotrophic agent.
Furthermore, as pointed out by Drs Hodgson
and Selden, HGF is a potent mitogen for
hepatocytes. What is particularly striking,
however, is that on a molar basis HGF is 100
fold more potent than the hitherto most active
hepatotrophic factor known, namely TGFu.8
HGF stimulates growth of human hepatocytes
at a half maximal activity of approx 5pM9 in
contrast to TGFa at approx 500 pM."'
The role of HGF in developmental liver

growth, however, remains an open question.
Although HGF seems to be expressed at least at
the mRNA level in fetal liver," the sites of
expression and target cell types are not known
and this may simply reflect an involvement in
haemopoeisis. Human leukocytes are known to
be an important source of HGF,'2 and one of
the major functions of human fetal liver of the
gestational age studied" is the generation of
cells of haemopoeitic lineage. To conclude that
similar control mechanisms occur during
developmental liver growth and regeneration
after tissue damage is, therefore, premature.

If, as seems to be the case, HGF is a true
epithelial cell mitogen with a broad tissue
specificity, then the consequence of the raised
circulating concentrations found in experi-
mental models of liver growth7 or clinically in
acute hepatic failure," may be to induce
hyperplasia in various peripheral tissues. That
this does not occur experimentally, or clinically
(at least as far as is known), testifies to the fact
that liver specificity under these circumstances
must result from critically regulated and at
present poorly understood control mecha-
nisms. These might include modulation of
HGF (c-met) receptor expression on cells or a
prerequisite for the correct cocktail of the other
growth factors and inhibitors implicated in the
process, or both."' It would be naive to predict
that one single factor could by itself regulate
such a complex repair process.
With the recent availability of bioactive

recombinant HGF9 and the reagents to monitor
expression of HGF and its receptor, further
rapid progress in understanding the biology
and pathology of hepatic regeneration is antici-
pated.
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Reply

SIR,-We enjoyed Strain and Neuberger's
letter, drawing attention to the rapid growth of
knowledge in this field since we prepared our
leading article for Gut. In fact, progress has
been even more rapid than they outline, and
has a number of interesting implications.
Thus, scatter factor is not simply closely
related to hepatocyte growth factor (HGF), but
is in fact identical;' since scatter factor is
involved in epithelial cell organisation this
finding opens up many avenues to be explored
regarding the role ofHGF in cell organisation,
in regeneration, development, and possibly
carcinogenesis. With respect to regeneration,
our finding of enhanced HGF mRNA expres-
sion within 10 hours of partial hepatectomy has
been confirmed by Zarnegar et al,2 clarifying
the ambiguity introduced by Okajima et al,'
who reported negative findings but only looked
at 24 and 48 hours. This, in fact, concurs with
our finding that mRNA expression has
returned to near normal values at 24 hours.4
The wider tissue specificity of HGF that

Strain and Neuberger point out, which has
recently been expanded to human mammary
epithelial cells5 and melanocytes,6 is usually at
an order of magnitude concentration greater
than is required for liver cells - the melanocyte
being the only one which has equal sensitivity
to hepatocytes.
The probable identification of the HGF

receptor as the protein product of the c-met
proto-oncogene should lead the way to further
understanding of the mode of action of HGF.
Rapid down regulation ofHGF receptors early
in regeneration has already been described.
There are, however, still a number of inconsis-
tencies in the current published reports - for
example, with respect to the number, classes,
and affinity of receptors on hepatocytes.89
We have recently localised the HGF gene to

human chromosome 7, region q22-qter.'0 This
is of interest in part because the chromosomal
localisation of the c-met gene, governing the
HGF receptor, is chromosome 7 q 22-q 31."
Thus not only are HGF and its putative
receptor on the same chromosome, but
chromosome 7 has independently been shown
to be associated with genes responsible for
tumour invasiveness.'2 With the identity of
scatter factor and HGF, this fits neatly -
though time may indicate perhaps too neatly -
into place.
The correspondents chide us for our claim

that we have established a role for HGF in
development. In this regard, we provided the
first evidence of increased gene expression in
fetal human liver as compared with normal
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