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Abstract. Hepatocyte growth factor (HGF) is a pleiotropic cytokine with mitogenic, motogenic and morphogenic
activity for mainly epithelial and endothelial target cells. All the different effects of HGF are mediated through
its specific receptor met, a heterodimeric transmembrane tyrosine kinase. The broad activity of HGF and its impact
on many physiologic and pathologic processes are reflected by met expression in a variety of organs and cell
types. This paper discusses expression of HGF and c-met within the immune system and their interactions in the
control of immune cell functions.
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Hepatocyte Growth Factor – 
Structural and Functional Characteristics

In the early 1980’s, hepatocyte growth factor (HGF)
was detected as a hormone-like substance in the plasma
of partially hepatectomized rats, based on its ability to
stimulate mitogenesis in hepatocytes in primary cul-
ture16, 19. Within a few years, however, it became quite
clear that HGF’s biological activities are not limited to
stimulating DNA replication and cell growth, nor are
they limited to a single cell type35. Purification and
characterization of HGF, including its cDNA, revealed
that this factor is particularly large (~80 kDa in the
unprocessed form). HGF is synthesized and secreted by
stromal cells such as fibroblasts as a single-chained
precursor that is biologically inert. It must be processed
into a mature, active form by proteases, such as uroki-
nase-type plasminogen activator or a factor XII-like

enzyme called HGF activator18. Culture supernatants of
stromal cells contain biologically active HGF due to the
presence of appropriate enzymes in fetal calf serum
used to supplement tissue culture media. The mature
form of HGF has two subunits, α and β, secured with
a single interchain disulfide bond. The α chain is ~65
kDa, and the smaller β chain is ~35 kDa. Study of its
amino acid sequence showed that HGF resembles fac-
tors of the clotting and fibrinolysis cascades, such as
prothrombin and plasminogen, because it contains four
kringle domains in the larger subunit and a modified,
apparently non-functional, serine protease domain in
the smaller subunit. HGF does not appear, however, to
act as a pro- or anti-coagulant20. Analysis of the HGF
gene demonstrated that it is approximately 70 kb in
size, resides on human chromosome 7 as a single copy,
and consists of 18 exons and 17 introns. The major
transcript encoding HGF is 6 kb in size, although
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naturally occurring variants of HGF have been identi-
fied which arise by alternative splicing of the HGF
primary transcript. These variants are C-terminally
truncated (i.e. they lack the entire β chain and half of
the α chain), retain receptor-binding ability and, as
shown by in vitro studies, have both agonistic and
antagonistic effects on the full-length HGF mole-
cule24.

The Cellular Origins of HGF

Hepatocyte growth factor is produced by cells of
mesenchymal origin in a number of organs35. Stromal
cells isolated from different primary (thymus, bone
marrow) and secondary (tonsil, spleen, lymph node)
lymphoid organs have been shown to constitutively se-
crete HGF in vitro25, 29, 30, 32. It was shown that this
secretion can be modulated by the addition of exogen-
ous cytokines such as interleukin (IL)-1, tumor necrosis
factor (TNF)-α and transforming growth factor β29. Direct
stromal cell contact with activated T cells in vitro also
results in increased HGF secretion. Detailed analysis
showed that the enhanced HGF secretion was due to
T cell membrane-associated IL-1 and CD40 ligand, sug-
gesting the role of HGF in immune processes25.

HGF Receptor

To stimulate a cell, HGF in its dimeric form binds
to a specific cell-surface receptor identified as met5.
Met was first cloned as an oncogene (called tpr-met)
from a human osteosarcoma cell line in 1985, based on
transformation assays. The product of the met protoon-
cogene is a tyrosine kinase-ontaining, transmembrane
protein which, like its ligand, possesses two subunits,
α and β, that result from proteolysis of a single-chained
molecule. The α subunit of met is ~50 kDa and is en-
tirely extracellular, while the β subunit is larger (~145
kDa), spans the plasma membrane and harbors the ty-
rosine kinase in the intracellular portion12, 13. All biol-
ogical activities of HGF are mediated through met, and
some of the signaling molecules down-stream of the
HGF receptor have been identified9. Like other growth
factors, HGF binds to cell-surface heparin sulphate pro-
teoglycans that serve as low-affinity receptors and
modulate the interaction between HGF and the c-met
receptor22, 23.

The unique structural features of HGF and met have
led to their assignment as the prototypes of new growth
factor and receptor families, respectively. Additional

members of these families are HGF-like protein (HLP),
also known as macrophage-stimulating protein, and
Ron. The HLP unique cell-surface receptor has recently
been cloned and characterized. HLP and Ron not only
resemble HGF and met structurally, they also exhibit
similar biological activities on target cells11.

Biological Activities of HGF

Clues to HGF and met’s list of biological activities
and cellular targets mounted in the early 1990’s. A re-
search group who studied cell motility isolated a pro-
tein from fetal lung fibroblasts which they called scatter
factor because it dispersed contiguous epithelial cells
when added to cultures. Another group, meanwhile,
isolated and cloned a factor having cytotoxic activity
toward carcinoma and sarcoma cell lines in vitro. Com-
parison of the cDNA sequences of these other factors
with that of HGF yielded nearly perfect matches and
thus linked new biological activities to HGF35.

Further studies into the functions of HGF and met
proved that HGF induces tissue-specific morphogenic
programs in several types of epithelial cells. Addition
of HGF to kidney, mammary, lung and colon epithelial
cells, and hepatocytes, cultured in three-dimensional
gels, led them to the formation of tubules, ducts, alveoli,
crypts, and cords, respectively3, 6. Moreover, knock-out
and knock-in studies in mice targeting the HGF and met
genes showed that, without functional copies of these
genes, the animals die in utero at day 15 of gestation
with major defects in the placenta, liver and muscle31.
Results from these studies and various experimental
models of organ regeneration in combination with data
from immuno- and in situ histochemical studies helped
to demonstrate that HGF and met are critical mediators
of epithelial-mesenchymal interactions and organ mor-
phogenesis, particularly during embryogenesis. Also,
the role has been partially explained for HGF and met
in the formation and maintenance of some epithe-
lialized organs, such as the intestine, liver, kidney, and
lung. In other biological processes, such as muscle mi-
gration and growth, neuron outgrowth and regeneration,
hematopoiesis, lymphocyte adhesion and migration,
and angiogenesis, the role played by HGF and its spe-
cific receptor remains ill-defined.

HGF and the Immune System

It has now become clear that HGF, traditionally
considered as an epithelial-specific growth factor, also
acts as a regulator of immune cell functions.
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Monocytes and macrophages

c-met expression becomes selectively induced and
functionally active in monocytes. Analysis of the ex-
pressions of nearly 600 genes using cDNA expression
array showed that the expression of 13% of genes, was
changed when isolated monocytes were stimulated with
HGF. The modulation of expression predominantly af-
fected monocyte-related genes, especially those in-
volved in cell motility. Accordingly, the expression of
four chemokines (MIP-1b, MIP2-a, MCP-1 and IL-8)
was stimulated. Other cytokines, such as IL-4, IL-1β,
M-CSF and GM-CSF, were also up-regulated, sugges-
ting an important pro-inflammatory role for HGF
stimulation of monocytes. In a functional experiment,
recombinant HGF induced directional migration and
cytokine secretion in human monocytes. Monocyte ac-
tivation by endotoxin and IL-1β resulted in up-regula-
tion of the HGF-receptor expression and in the induc-
tion of cell-associated pro-HGF convertase activity,
thus enhancing responsiveness to the factor. Secretion
of biologically active HGF by activated monocytes was
also detected. This implies that monocyte function can
be modulated by HGF in a paracrine/autocrine manner
and provides a new link between stromal environment
and mononuclear phagocytes2, 10, 23.

Dendritic cells

Dendritic cells (DC) are professional antigen-pre-
senting cells that possess both migratory properties and
potent T cell-stimulatory activity that allow the uptake
of antigenic material in peripheral tissue and its sub-
sequent presentation in the T cell areas of lymphoid
organs. Thus motility represents an important property
required for DC to function. The HGF receptor c-met
is expressed in DC and is signaling competent, since it
is effectively tyrosine phosphorylated in response to
HGF. It has been demonstrated that HGF-activated c-met
regulates DC adhesion to the extracellular matrix com-
ponent laminin. The antigen-presenting function is,
however, unaffected. It is suggested that, for example
in the case of skin injury, DC are activated by TNF and
IL-1 to produce HGF. Tissue injury also induces serine
protease HGF activate, which processes pro-HGF into
active HGF. Additionally, HGF is sequestered in the
proximity of HGF-producing cells by binding to he-
paran sulfate proteoglycans, ensuring a local mode of
HGF action. All this induces a microenvironment
which induces DC to emigrate and to enter the lym-
phatic system15.

Neutrophils

Recruitment of neutrophils into tissue occurs in sev-
eral pathologic processes, such as inflammation, athe-
rosclerosis, thrombosis, and ischemia. In inflammation,
the adherence of neutrophils to the endothelium de-
pends on neutrophil integrins. Integrin-mediated adhe-
sion is tightly regulated, i.e. integrins do not function if
neutrophils are not triggered by certain activation
stimuli. Detailed studies into the role of HGF in the
adhesion of neutrophils to endothelial cells in inflam-
mation showed that HGF induced not only lymphocyte
function-associated antigen (LFA)-1-mediated adhe-
sion of neutrophils to endothelial cells, but also trans-
migration of neutrophils in a concentration-dependent
manner. Secondly, HGF functionally transformed neu-
trophil integrin LFA-1 to active form and reduced sur-
face L-selectin expression level. HGF also induced
F-actin polymerization and cytoskeletal rearrangement
within seconds. Substances such as genistein, a tyrosine
kinase inhibitor, as well as wortmannin, a phosphoino-
sitide (PI)3-kinase inhibitor, inhibited both F-actin
polymerization and LFA-1-mediated adhesion of neu-
trophils to endothelial cells. In studies carried out in
vivo in cutaneous inflamed tissue, highly expressed
HGF and elevated serum levels of HGF were found in
patients with Behcet’s disease, which is associated with
neutrophilic vasculitis and marked neutrophil accumu-
lation. These results indicate that HGF plays a pivotal
role in integrin-mediated adhesion and transmigration
of neutrophils to sites of acute inflammation through
cytoskeletal rearrangement activated by tyrosine kinase
and PI 3-kinase signaling17. A recent report showing
that neutrophils isolated from bronchoalveolar lavage
of patients with lung injury produce HGF suggests an
important role of HGF in pro-inflammatory response14, 28.
Understanding the mechanisms by which HGF and met
contribute to these processes will require additional ex-
perimentation.

T cells

mRNA transcripts encoding c-met are expressed in
the mouse thymus. The c-met transcripts are expressed
at higher levels in fetal and neonatal thymus than in
adult thymus and are mostly expressed by lymphoid
cells rather than by stromal cells. Interestingly, the ad-
dition of HGF to fetal thymus organ cultures increased
the generation of mature T cells expressing high levels
of T cell antigen receptors, indicating that c-met/HGF
signals can promote T cell development30. For mature
T cells, ADAMS et al.1 reported that HGF stimulated
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adhesion and migration of memory subset. However,
these target cells appeared not to express c-met. The
possibility of involvement of a low-affinity receptor,
such as heparan sulphate, seems logical and awaits ex-
perimental confirmation. Recently, DI NICOLA et al.8

studied the effect of bone morrow stromal cells on
T cell proliferation induced by various mitogenic
stimuli. They found that inhibition of T cell prolifera-
tion was mediated by HGF and TNF-β in synergistic
fashion. The involvement of c-met receptor in the ob-
served phenomena has not yet been established.

B cells

The first report drawing attention to the possible
role of HGF in the immune system was that by DELA-

NEY et al.7, who demonstrated that HGF enhances im-
munoglobulin production by murine B lymphocytes.
However, c-met expression was not studied and indirect
effects of HGF on T cells have not been ruled out.
A few years later, VAN DER VOORT et al.32 showed func-
tional c-met expression on tonsilar B lymphocytes ac-
tivated by different stimuli, including the physiologi-
cally important concurrent CD40 and anti-µ ligation.
This is further stressed by the fact that c-met is ex-
pressed in vivo on a subset of tonsillar centroblasts
(CD38+ CD77+). Centroblasts derive from B cells that
have been activated at extrafollicular sites by antigen
plus accessory signals provided by antigen-specific
T cells. These signals critically involve CD40/CD40 li-
gand interactions. These findings were further extended
by the demonstration of c-met expression in activated
B cells from the human spleen25. This study also
showed that HGF is secreted by stromal cells from sec-
ondary lymphoid organs, such as the spleen and lymph
nodes, and hence is readily available in the microenvi-
ronment of the lymphoid tissue in general. HGF secre-
tion from stromal cells can also be up-regulated by
activated T cells and this up-regulation is mediated by
CD40 ligand and membrane-associated IL-1. Co-cul-
ture of activated B cells with stromal cells from the
spleen leads to enhanced immunoglobulin secretion25.
This can be partially inhibited by introduction of anti-
-HGF antibodies to the culture system. Substitution of
stromal cells with recombinant HGF did not produce
enhancement of immunoglobulin secretion. On the
other hand, stimulation of the c-met receptor with HGF
leads to enhanced integrin-mediated adhesion of acti-
vated B cells to vascular cell adhesion molecule and
fibronectin25, 33. On the basis of these experiments it can
be concluded that HGF production by fibroblast-like
stromal cells can be modulated by activated T cells,

thus providing signals for the regulation of adhesion of
c-met-expressing B cells to extracellular matrix pro-
teins. In this way, HGF may indirectly influence immu-
noglobulin secretion.

HGF/met Pathway in B Cell Neoplasia

Since HGF and met appear to be essential for the
formation and maintenance of organ/structure, aberrant
expression of either of these proteins could lead to cell
transformation and cancer. Indeed, an active role for
HGF and met in tumor growth and invasion has been
documented by a variety of in vitro and in vivo studies.

c-met is constitutively expressed by several Bur-
kitt’s lymphoma cell lines including Raji, BJAB and
EB4B32, 34 as well as by a subset of native Burkitt’s
lymphomas35. On these tumor cells, which are counter-
parts of centroblasts, HGF induces c-met phosphory-
lation26, 32. Furthermore, HGF stimulation of c-met-po-
sitive Burkitt’s lymphoma cell lines enhances integrin-
-mediate adhesion to fibronectin and promotes their in-
vasion into fibroblasts monolayers34. Since HGF is pro-
duced by stromal cells and follicular DC, paracrine
stimulation of Burkitt’s lymphoma cells by HGF may
take place within the lymphoid tissue microenviron-
ment, promoting tumor growth and/or survival. Indeed,
in vitro pre-treatment of c-met-expressing cell lines
such as EB4 or Raji with HGF protects them from death
induced by DNA-damaging agents commonly used in
tumor therapy26. HGF has also been identified as
a potential growth factor for multiple myeloma
cell lines and cells isolated from patients’ bone
marrow4.

Concluding Remarks

The past decade has shown that HGF is a physio-
logically essential cytokine which, in a diverse range of
target cells, elicits a multitude of responses, including
DNA replication and cell division, cell motility, adhe-
sion, morphogenesis, cell differentiation and tumor cell
cytostasis. Over the years, the mystery of how HGF
elicits some of these responses is unfolding; however,
it remains a mystery for many others. It has become
clear that HGF plays an important role within the im-
mune system in health and disease and may ultimately
have therapeutic potential. The use of HGF competitors
or inhibitors to interfere with tumor metastases is also
a crucial issue deserving intensive research.
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