W) Check for updates

Neoexpression of the c-met/Hepatocyte Growth Factor-Scatter Factor
Receptor Gene in Activated Monocytes

By Mario Beilmann, Margarete Odenthal, Waltraud Jung, George F. Vande Woude, Hans-Peter Dienes,
and Peter Schirmacher

Hepatocyte growth factor-scatter factor (HGF-SF) mediates
mito-, moto-, and morphogenic effects through the MET re-
ceptor, a membrane bound tyrosine kinase. HGF-SF/MET
signaling is mitogenic for a large number of epithelial and
endothelial cells and activates organ regeneration. HGF-SF
transcripts have been detected in various myeloid cell lines.
Therefore, the potential role of HGF-SF/MET signaling for
circulating cells of the immune system, especially under con-
ditions of inflammation, was evaluated. Several B-lymphoid
and myeloid cell lines were found to express HGF-SF or c-
met transcripts, while activity of both genes was mutually
exclusive with the exception of low level coexpression in
two B-cell lines. HGF-SF transcripts were present in low

EPATOCYTE growth factor-scatter factor (HGF-SF)
is a multifunctional and pleiotropic cytokine of ap-
proximately 90 kD.! HGF-SF exerts multiple stimulatory
effects on different target cell types, in that it is mitogenic,
motogenic, and morphogenic for epithelial and vascular en-
dothelial cells as well as for melanocytes.™* In addition,
there is evidence that HGF-SF is neurotrophic for specific
subpopulations of central nervous system neurons,® and at
higher concentrations cytotoxic for a variety of tumor cell
lines.® Furthermore, HGF-SF appearsto be an essential factor
in the fetal morphogenesis of the placenta and the liver,”®
as well as an important positive regulator of liver regenera-
tion after injury.>*? It has also been speculated that HGF-SF
may play a role in tumor progression by stimulating tumor
cell invasion and metastasis.*®
All functions thus far attributed to HGF-SF can be medi-
ated by the MET tyrosine kinase, the high affinity HGF-SF
receptor. MET isthe product of the c-met gene and is known
to activate different intracellular signaling pathways through
an intracytoplasmic multifunctional-docking domain.*+*8
Costimulatory effects of HGF-SF together with granulocyte-
macrophage colony-stimulating factor (GM-CSF), interleu-
kin-3 (IL-3), or erythropoietin have been demonstrated on
blast and colony-forming units from bone marrow, sug-
gesting that HGF-SF/MET signaling may serve as a hemato-
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quantities in freshly isolated peripheral blood mononuclear
cells (PBMINCs). In contrast, c-met expression was not de-
tected in freshly isolated cells from peripheral blood, but
was induced in monocytes by activation of monocytic or T-
cell function. HGF-SF incubation led to an increased c-fos
steady state transcript level in myeloblastic K562 cells and
moderately promoted cell viability of freshly isolated preac-
tivated monocytes. c-met expression is thus established in
activated monocytes, in particular under conditions resem-
bling inflammation, making these cells accessible to func-
tional effects of HGF-SF.

© 1997 by The American Society of Hematology.

poietic regulator.®?* Furthermore, moderate functional ef-
fects have been reported in B célls, T cells, and granulocytes
after stimulation with HGF-SF.2%

To further elucidate the potential role of HGF-SF in my-
eloic and lymphocytic cells, we have analyzed the expression
and potential function of HGF-SF, as well as of c-met using
a representative panel of permanent cell lines and primary
cell cultures under different inducing conditions. Our results
show the presence of HGF-SF and c-met expression in sev-
eral myeloid cell lines. c-met is activated in periphera blood
monocytes after in vitro stimulation, rendering them func-
tionally responsive to HGF-SF stimulation. These results
suggest that activated monocytes in vivo respond to in-
creased concentrations of HGF-SF as observed under condi-
tions of inflammation.

MATERIALS AND METHODS

Cell culturing and isolation of cells from peripheral blood. The
permanent cell lines described in Table 1 were obtained from the
Deutsche Sammlung fur Mikroorganismen und Zellkulturen
(Braunschweig, Germany); cell line U937 was kindly provided by
B. Fleischer (Hamburg, Germany). Peripheral blood mononuclear
cells (PBMNCs) were separated by centrifugation over a Ficoll-
Hypague density gradient (Biochrom, Berlin, Germany) from hepa-
rinized peripheral blood samples obtained from healthy individuals.
PBMNCs were recovered from the interface and washed twice in
phosphate-buffered saline (PBS). For a number of experiments, the
PBMNCs were cultured for up to 7 days in RPMI 1640 medium
(Biochrom) containing 10% fetal calf serum (FCS).

Monocytes were isolated by immunomagnetic separation using
antibody-coated magnetic beads (Deutsche Dynal, Hamburg, Ger-
many) according to the manufacturer’s protocol.® Briefly, a highly
monocyte enriched fraction (purity >85%) was obtained by negative
selection, extracting T cells with anti-CD2 and B cells with anti-
CD19 antibody-coated beads. Natural killer (NK) cells were bound
to antibodies against CD16 (Immunotech, Marseille, France) and
CD56 (Dako, Copenhagen, Denmark) and then extracted with anti-
mouse |gG-coated beads (Dynal).

Simulation of cultured cells. Permanent cell cultures (see Table
1) were incubated with 1% dimethyl sulfoxide (DMSO) (Sigma;
Deisenhofen, Germany), 1 ng/mL 12-0-tetradecanoylphorbol-13-ac-
etate (TPA; Sigma), 100 nmol/L 2-0-dibutyryladenosin-'5'cyclic
monophosphate (dbcAMP; Sigma), or recombinant human HGF-SF
(30 ng/mL)*" under otherwise constant medium conditions for 24
hours. The following substances were used for stimulation of isolated
PBMNCs and highly monocyte enriched fractions: pokeweed mito-
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Table 1. Expression of HGF-SF and c-met in Myeloid and Lymphoid Cell Lines

HGF-SF

c-met

Cell Line Control DMSO

dbcAMP TPA

Control DMSO dbcAMP TPA

K562 — —
Myeloblastic/erythroblastic

HEL*®
Myeloblastic/erythroblastic

KG-1%°
Myeloblastic

HL-60°" ++ W
Promyelocytic

U93752 — —
Monoblastic

MONO MAC 6% + [
Monocyte-like

MOLT-3% — —
T-cell line

SKW-3°° — —
T-cell line

REHs® + i
Pre-B-cell line

JVM-2%7
B-cell line

MN-60% — —
B-cell line

OPM-2%° + l
Plasmacytic

+++ 1

+++++ 1

— + " — —

— +++ 1 - 1

1t — — — —

Abbreviation: ND, not done.

gen (PWM; 0.8 ug/mL, Sigma), phytohemagglutinin (PHA; 2.4 ng/
mL; Sigma), and lipopolysaccharide (LPS; 50 ng/mL, Sigma).

Plasmids and probes. The following cDNAs were used for hy-
bridization: a 2.2-kb BamHI-Kpn I-fragment, containing the coding
region of the human HGF-SF cDNA cloned into pGEM 3Z (Promega,
Madison, WI; plasmid pGhHGF), a 1.3-kb EcoRI fragment covering
the cDNA part coding for the cytoplasmic part of the human MET-
receptor cloned into pGEM3Z (plasmid pGhosl); hybridization for
the human c-fos RNA was performed with a 2.1-kb cDNA fragment
cloned into pSPT 18/19.22 A ¢cDNA probe for human glyceraldehyde
3-phosphate dehydrogenase (GAPDH) was used as loading control
in rehybridization of the filters. The purified cDNA fragments were
labeled by primer extension using [*P] deoxycytidinetriphosphate
(dCTP) for Northern hybridization.* Single-stranded [*S] uridinetri-
phosphate (UTP)-labeled riboprobes were prepared by linearization
of the plasmid downstream of the inserted cDNA fragment and
subsequent in vitro transcription using the respective phage polymer-
&5.31

Isolation of RNA and Northern hybridization. Isolation of total
cellular RNA was performed according to the method of Chirgwin
et al.® Poly[A]" RNA was purified from total cellular RNA using
oligo-[dT]—cellulose.® A total of 5 ug poly[A]* RNA or 20 g total
cellular RNA was separated in 1% denaturing formal dehyde agarose
gels. After gel electrophoresis, the RNA was transferred by capillary
transfer onto Hybond N or Hybond N* membranes (Amersham,
Buckinghamshire, UK) using 20x standard saine citrate (SSC) and
immobilized by 5-minute shortwave-ultraviolet (UV) treatment.®
The filters were prehybridized for greater than 4 hours followed by
overnight hybridization with 2 X 107 cpm of the respective [*P]
dCTP-labeled cDNA fragment in 20 mL hybridization buffer (50%
formamide, 12.5% dextrane sulfate, 5x SSC, 1X Denhardt’s solu-
tion, 50 mmol/L NaH,PO,, and 0.25 mg/mL salmon sperm DNA).
After the hybridization reaction, the filters were washed under strin-
gent conditions (1x SSC at 65°C) and exposed to Kodak X-OMAT-

AR films (Eastman Kodak, Rochester, NY) at —70°C using intensi-
fying screens. Densitometric analyses of Northern hybridizations
were performed with a Wincam 2.1 gel imaging system (Cybertech,
Berlin, Germany).

Combined in situ hybridization/immunocytology. Cytospins con-
taining 10° PBMNCs/dide were prepared. In situ hybridization reac-
tions were performed according to a previously described protocol
with [*S]-labeled cRNA probes, prepared by in vitro transcription
from a human c-met cDNA.** Complete immunocytology was then
performed by the avidin-biotin-complex (ABC) method with rabbit
polyclonal antihuman CD3 or mouse monoclonal antihuman CD68
antibodies (Dako), respective secondary polyclonal antibodies,
horseradish peroxidase coupled streptavidin, and the chromogen di-
aminobenzidine. After completion of immunocytology, the slides
were dehydrated, coated with photoemulsion, and exposed at 4°C
for 2 weeks. Autoradiography was developed in Kodak D-19 and
fixed in Kodak rapid fixer (Eastman Kodak). The cytospins were
counterstained with Meyer’s hemalum and analyzed by light micros-
copy. The analysis was performed by two investigators indepen-
dently, and photomicrographs were taken with a Leica Diaplan mi-
croscope (Leica, Bensheim, Germany). The results of combined
immunocytology/in situ hybridization experiments were analyzed
semiquantitatively by evaluating 100 cells in three different areas
of each cytospin. Because the procedure resulted in a moderate
diffuse grain background over the whole cytospin, only the cells
containing significant accumulations of grains were considered to
be positive (see Fig 3C).

Monocyte viability assay. Highly monocyte enriched cell frac-
tions were isolated as described above and seeded onto nonadherent
teflon jars (Savillex Corp, Minnetonka, M) at a density of 2 to 3
X 10° cellmL in RPMI 1640 medium (Biochrom) supplemented
with 2.5 % FCS and prestimulated with PHA and LPS for 17 hours
at 37°C. Afterwards, the cells were washed twice and seeded onto
96-well flat bottom plates, each well containing 200 L RPMI 1640
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supplemented with 1% FCS at 37°C. Stimulations with recombinant
HGF-SF (8 to 100 ng/mL) were performed for 72 hours. The cell
numbers were measured by colorimetric assay (EZ4U nonradioactive
proliferation assay, Biomedica, Vienna, Austria) according to manu-
facturer’s instructions.* Each experiment was performed with sepa-
rate monocyte preparations from at least three different healthy do-
nors and measured in triplicate.

RESULTS

HGF-SF and c-met expression in myeloid and B-lymphoid
cell lines does not correlate with differentiation. A panel
of 12 myeloid and lymphoid cell lines (six myeloid, four
B-lymphoid, and two T-lymphoid lines) was anayzed to
determine whether HGF-SF and c-met are expressed in the
lymphocytic and myeloic cell compartment and whether ex-
pression of both genes is limited to certain hematopoietic
lineages or stages of maturation. Theresults (Fig 1 and Table
1) showed HGF-SF and c-met expression in some of the
myeloid and B-lymphoid cell lines, whereas the T-cell lines
expressed neither HGF-SF nor c-met transcripts. In separate
experiments performed under nonstimulating conditions, the
B-cell line, Rgji, was positive for c-met transcripts, while
the T-cell line, Jurkat, was negative for both HGF-SF and
c-met transcripts (data not shown). All myeloid cell lines
expressed either HGF-SF (KG-1, HL-60, HEL, MM6) or c-
met (K562, U937), although expression of one gene appeared
to exclude expression of the other. Furthermore, a tendency
towards higher expression of HGF-SF was noted in less
differentiated (ie, immature) myeloid cell lines, and expres-
sion of HGF-SF was thus highest in the myeloblastic cell
line, KG-1. In B-lymphoid cell lines, low level expression
of HGF-SF and c-met transcripts coexisted in cell lines, REH
and OPM-2, while the cell line, IVM-2, with high HGF-SF
expression, was c-met negative and neither HGF-SF nor c-
met transcripts were detected in cell line, MN-60. Transcripts
of approximately 6 kb, 3 kb, and 1.5 kb were present in all
HGF-SF positive cell lines, with the full-size 6 kb transcript
being the predominant and the 1.5 kb transcript the least
abundant species. c-met transcripts of approximately 7 kb
were found in cell lines, U937 and REH, while cell line
U937 aso expressed a second transcript of 5 kb. In contrast,
the myeloblastic cell line, K562, showed c-met transcripts
of 5.5 kb and subgenic species of 3.5 kb and 2.5 kb at similar
quantities.

Following stimulation with agents known to induce either
granulocytic (DM SO, dbcAMP)*2 or monocytic (TPA)®"
differentiation of myeloid cells, none of theinitialy negative
cell lines showed neoexpression of HGF-SF or c-met. The
observed changes in expression did not correlate with the
known differentiation inducing potential of the employed
substances (Table 1, Fig 1B and C). DM SO reduced HGF-
SF expression in al HGF-SF positive cell lines, while TPA
increased steady state levels of HGF-SF, with the exception
of cell line, HEL, where the effect could not be conclusively
demonstrated. dbcAMP incubation did not significantly alter
HGF-SF transcript levels and an increase in expression was
detected only in thelow HGF-SF expressing cell lines, MM 6
and OMP-2. DMSO incubation led to increased transcript
levels of c-met in myeloid cell lines, in contrast to a dlight
or absent stimulatory effect of dbcAMP and TPA (TPA is
stimulatory in cell line U937).

BEILMANN ET AL

The presence of HGF-SF and c-met transcripts in some
myeloid and lymphoid cell lines raised the possibility that
both genes may be expressed in normal cells from peripheral
blood. Therefore, we analyzed freshly isolated PBMNCs
from healthy individuals. While low level HGF-SF expres-
sion was observed immediately after isolation, HGF-SF ex-
pression was absent after 5 days of primary culture. In
PBMNCs from healthy individuals, no expression of c-met
was found, either in freshly isolated cells or in cells cultured
for 5 days. In contrast, a marked induction of c-met expres-
sion was achieved when PBMNCs were incubated with the
T-cell stimulus PHA. This effect was further augmented
when PHA was added together with the B-cell stimulus
PWM and the monocyte activator LPS, while PWM aone
did not exert a significant stimulatory effect (Fig 2B).

Kinetic analyses by Northern hybridization (Fig 2C) con-
firmed a significant induction of c-met expression by PHA
and LPS compared with negative controls. A difference in
the kinetics of stimulation was observed for PHA and LPS.
While maximal c-met expression after PHA stimulation was
noted after 6 hours with lower expression after 20 hours, c-
met activation after LPS stimulation was moderate after 6
hours and markedly increased after 20 hours. c-met expres-
sion levels were even higher following PHA/LPS costimula-
tion. Further stimulatory experiments were performed using
costimulation with PHA and LPS over a period of 17 hours.

Combined immunocytology (with T-cell marker, CD3 or
monocyte marker, CD68) together with in situ hybridization
for c-met was performed on cytospins of PHA- and LPS-
activated PBMNCs to determine the c-met neoexpressing
cell population (Fig 3). Quantitation showed that approxi-
mately 98% of the cells exhibiting specific accumulations
of the c-met hybridization signal are CD68-positive by im-
munocytology (Table 2, Fig 3B). In contrast, CD3-positive
cells did not show significant specific c-met hybridization
(Fig 3A). Theintensity of c-met expression in CD68-positive
cells varied considerably, ranging from high to low levels,
as well as absence of expression. Eighteen percent of the
CD68-positive cells were positive for c-met after PHA and
27% after PHA/LPS stimulation for 17 hours. Control hy-
bridizations with a c-met sense probe showed a moderate
background, but no signal accumulation, especialy not
above CD68-positive cells (Fig 3C). These experiments
show that the vast majority of c-met expressing PBMNCs
are CD68-positive and, therefore, represent monocytes.

c-met Expressing myeloic cells respond to stimulation
with HGF-SF. We aso wanted to determine whether c-
met-positive cells functionally respond to stimulation with
HGF-SF. A marked increase in c-fos steady state transcript
level, a known marker of early gene response after HGF-SF
stimulation,>* was found in the constitutively c-met express-
ing myeloblastic cell line, K562, immediately after the addi-
tion of 30 ng/mL HGF-SF (Fig 4A). When purified mono-
cytic cells isolated from healthy donors were costimulated
with LPS/PHA for 17 hours and subsequently incubated with
recombinant HGF-SF, amoderate increase in the cell number
was observed compared with LPS/PHA-stimulated mono-
cyte fractions not treated with exogenous HGF-SF (Fig 4B).

DISCUSSION

We analyzed the expression and significance of a potent
pleiotropic growth factor, HGF-SF and its receptor c-met, in
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Fig 1. HGF-SF and c-met expression
in myeloid and lymphoid cell lines. (A)
Northern hybridization for HGF-SF
(above) and c-met transcripts (middle)
in human myeloid and lymphoid cell
lines: embryonic lung fibroblasts (con-
trol) (1), KG-1 (2), HL-60 (3), K562 (4),
HEL (5), U937 (6), M(ono)M(ac)6é (7),
Molt-3 (8), SKW-3 (9), REH (10), JVM-2
(11), MN-60 (12), and OPM-2 (13). Faint
bands in lane 2 (KG-1) of c-met hybrid-
ization represent a remnant signal from
hybridization for HGF-SF. In lanes 10
and 13 (HGF-SF) and 10 (c-met) faint
_ 28 S signals (arrows) were detectable only
after extended exposure times (see also
Table 2). Rehybridization for GAPDH is
shown below. (B) HGF-SF expression in
cell line M(ono)M(ac)6 without (MM6)
— 18 S and after stimulation with dimethylsul-
foxide (MM6 + DMSO), cyclic AMP
(MMB6 + cAMP), and phorbol ester (MM6
+ TPA). (C) c-met expression in cell line
K562 without (K562) and after stimula-
tion with DMSO (K562 + DMSO),
— GAPDH dbcAMP (K562 + cAMP) and TPA (K562
+ TPA). Rehybridizations for GAPDH in
(B) and (C) are shown below.

MM6+ DMSO
MM6 + cAMP
MM6 + TPA

MM6

K562 + DMSO
K562 + cAMP
K562 + TPA

K562

— 288

— 188

— GAPDH
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a representative panel of myeloid and lymphoid cell lines.
HGF-SF or c-met expression is predominately detected in
myeloid cell lines, while, with the exception of HGF-SF
expressing B-cell line, 3VM-2, expression in B- or T-
lymphoid cell lines is absent or very low. This is supported
by findings of other groups reporting HGF-SF expression in
other myeloid cell lines, such as HL-60" and THP-1.** In
contrast, only a single T-cell line has thus far been shown
to express significant amounts of HGF-SF.* Although a ten-
dency towards higher expression of HGF-SF in less differen-
tiated myeloid cell lines (ie, KG-1, HEL) was noted, a corre-

Fig 2. HGF-SF and c-met expression in primary cell cultures de-
rived from peripheral blood cells. Northern hybridization analysis of
total RNA (20 ng) from PBMNCs isolated from peripheral blood of
healthy individuals for HGF-SF (A) and c-met (B) (lanes: respective
positive controls (K562 or JVM-2), primary isolated PBMNCs from
two healthy individuals (PBMNC [1] and [2]), primary culture of
PBMNCs after 5 days (PBMINC [5D]), PBMNCs stimulated with PHA
(PHA), PWM (PWM), or PHA, PWM, and LPS (PHA + PWM + LPS).
Rehybridization for GAPDH is shown below. (C) Kinetic analysis of
c-met expression under different conditions of stimulation. (H), 1 and
2 hours; (W), 6 hours; (), 20 hours. Data represent evaluation of
two independent Northern hybridizations with highest expression
arbitrarily set to 1.

lation between HGF-SF/c-met expression and differentiation
or stages of maturation could not be established for the ana-
lyzed cell lines, despite a preference for myeloid differentia-
tion and earlier stages of maturation. This absence of correla-
tion was further supported by stimulation experiments using
TPA, DM SO, and dbcAMP. Although these substances ei-
ther activate (TPA and dbcAMP in some lines) or suppress
(DMSO) HGF-SF expression, the resulting effects do not
correlate with the differentiation-inducing activities of these
substances on myeloid cells. In particular, DMSO and
dbcAMP, both known to induce granulocytic differentiation
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Fig 3. c-met Expression in activated CD68* mono-
cytes obtained from normal PBMNCs. Combined in
situ hybridization/immunocytology was performed
with a c-met [**S] RNA-probe together with T-cell and
monocyte-specific antibodies. Cell surface staining
was performed with a rabbit polyclonal antihuman
CD3 antibody (A) and a mouse monoclonal antihuman
CD68 antibody (B and C). Note the specific hybridiza-
tion signal (accumulation of black grains) in the CD3-
negative cell population (A) and the CD68-positive cell
population (B, large arrows: markedly positive cells;
arrowhead: slightly positive cell; small arrows: nega-
tive cells). (C) Shows negative control hybridization
with a c-met sense probe in combination with immu-
nocytology for CD68.
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Table 2. Quantitative Evaluation of c-met Expression in PBMNCs
by Combined In Situ Hybridization and Immunocytology

PHA PHA/LPS PHA/LPS Control
Cell Fractions* 17 h 17 h 7d 7d
c-met* (%) 1.5 2 1 0
c-met*/CD 68" (%) 18 27 25 0
c-met"/CD 3" (%) 0 0 0 ND
CD 68*/c-met* (%)t 98 98 100 No c-met signal

CD 3*/c-met" (%)t 3 2 NE ND

Abbreviation: NE, not evaluated.

* Percentage of positive cells in each fraction was evaluated by
analyzing 100 cells in three different areas of each cytospin.

1 Does not add up to 100%, due to the fact that different cytospin
incubations were evaluated.

of myeloid cells,*** did not correlate in their effect on HGF-
SF expression. The observed stimulations thus represent spe-
cific effects of the substances used and are not coupled to
differentiation induction in the myeloid cell lines.

It is important to note that all of the analyzed myeloid
cell lines expressed either HGF-SF or c-met, and expression
of one gene excluded expression of the other. There is no
indication in myeloid cell lines of autoactivation of the HGF-
SF/MET signaling pathway. Coexpression of HGF-SF and
c-met was found only in two B-cell lines, OPM-2 and REH.
However, the expression levels of both genes were very low
in these lines.

Furthermore, coexpression of HGF-SF and c-met was not
observed in primary cultures of normal PBMNCs. HGF-SF
was present only in freshly isolated PBMNCs, while c-met
was absent in freshly isolated cells, but neoexpressed after
stimulation with PHA and/or LPS. Despite the frequency of
c-met or HGF-SF expression, mechanisms inherent in cells
of myeloid differentiation appear to prevent coexpression of
both genes. Para- or endocrine-supplied HGF-SF is, there-
fore, required to stimulate c-met signaling in activated my-
eloic cdlls.

HGF-SF/MET signaling has been identified as one of the
major regulators of epithelial organ regeneration, particularly
in the liver and kidney. The HGF-SF/MET signaling system
may play an additional role during necroinflammation. Stim-
ulation of freshly isolated PBMNCs, eg, by PHA and/or LPS,
activates c-met expression that is absent in freshly isolated
PBMNCs from healthy donors. Further expression analyses
show that c-met is activated in prestimulated monocytes, and
in situ expression analysis confirmed that the vast majority
of c-met positive cellsis part of the monocytic compartment.
We were unable to detect asignificant c-met signal in CD68-
negative cells. Neoexpression of c-met has been described
for B lymphocytes after incubation with specific stimulatory
substances.** However, B lymphocytes do not represent a
significant cell fraction among the analyzed preparations.

It can be hypothesized that activation of monocytes, eg,
as aresult of inflammation, may render these cells suscepti-
ble to HGF-SF signaling. This is supported by the fact that
a functional response (c-fos activation) was activated by
HGF-SF in the c-met expressing myel oblastic cell line K562.
Furthermore, freshly isolated monocytes activated by PHA
and LPS responded to exogenously added HGF-SF with a
moderately elevated cell number compared with control pop-
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Fig4. HGF-SF stimulation induces a functional response in c-met-
expressing cells. (A) Northern hybridization analysis for c-fos expres-
sion in the myeloblastic cell line K562 after stimulation with 30 ng/
mL recombinant HGF-SF. Hybridization for GAPDH is shown below.
(B) Incubation of freshly isolated LPS/PHA prestimulated monocytes
with recombinant HGF-SF. Bars represent mean of three independent
experiments each measured in triplicate, with standard deviations
and controls for each experiment indicated (PHA/LPS-stimulated
monocytes adjusted to a relative value of 1). All values were deter-
mined by colorimetric assay (Biomedica; see Materials and Methods).
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ulations not stimulated with HGF-SF. Interestingly, c-met
expression is activated in the monocytoid cell line THP-1
by TPA, LPS, and cytokines like tumor necrosis factor-a
(TNF-a), IL-6, and interferon-y (IFN-v) and mediates cell
attachment and process formation.* Furthermore, HGF-SF
is known to induce motility of the monocytoid cell line, J
111. It is thus tempting to specul ate as to whether HGF-SF
may activate monocytes during inflammation and modul ate
specific monocytic/macrophage functions at the site of the
inflammatory reaction. This hypothesis is supported by the
fact that the addition of exogenous HGF-SF promotes viabil-
ity of activated monocytes. In our experiments using
PBMNCs, c-met expression in monocytes was not only stim-
ulated by conventional monocyte activators, such as LPS,
but also by PHA, which is known to activate T lymphocytes.
It may be possible that not only direct stimulation of mono-
cytes, but also activation of T-cell dependent cytokines may
induce monocytic c-met expression.

Moderate stimulatory effects of HGF-SF have also been
described for other peripheral blood cells. HGF-SF prepara-
tions prime a neutrophil oxidative response® and moderately
stimulate T-cell adhesion and migration,® as well as murine
B-cell—derived humoral response.® Although these results
suggest a broader function of HGF-SF in the stimulation of
inflammatory cells, c-met expression has not been demon-
strated in the responsive cell populations, in particular HGF-
SF responsive T-cell fractions are negative for c-met. It has,
therefore, been speculated that these effects may represent
either cross-reactivity with different tyrosine kinase recep-
tors, such as c-sea,® or interaction with other HGF-SF recep-
tors of lower affinity.*

HGF-SF has been proposed as a priming factor in early
hematopoiesis, as it stimulates erythroid burst-forming units
in the presence of erythropoietin, and CFU in synergy with
stem cell factor, IL-3, and GM-CSF.?># This hypothesis can
be extended with a view to the fact that a peripheral blood
cell fraction (monocytes) expresses c-met following prestim-
ulation and is thus primed to respond to HGF-SF. Future
studies will have to further characterize the spectrum of
specific functiona effects of HGF-SF on activated c-met-
positive monocytes and their significance in the inflamma-
tory response.
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