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Introduction
It is well documented that cell dissemination is aided by

the adequate vascularization of tumors, the release of cells
from the primary tumor, and the adhesion of tumor cells to
the basement of membrane components prior to the inva-
sion of blood vessels.   The disruption of cell–cell junctions
by invasive growth is a necessary step for tumor cells to
enter directly to the vascular system or indirectly via the
lymphatic system.  The cells, which are carried to distant
parts of the body, extravasate from the vascular system into
the parenchyma of target organs[1].  The working mechanism
for cancer invasion and metastasis, termed “growth
invasion”, has been further studied[2] since it was first pro-
posed[3].  An important feature of the growth invasion mecha-

nism is that the uncontrolled growing cells disrupt cell–cell
junctions, thus growth is regarded as the necessary and
sufficient condition for cancer invasion.

Cancer has been described as a disease of the cell cycle[4].
The failure of any stage in mitosis and the imbalance of key
proteins expressed are some special features of cancer cells.
For instance, to complete a cell cycle in human breast cancer
cells under the induction of hepatocyte growth factor (HGF)
requires a relatively shorter time (6−10 h) compared with the
average 20−24 h for normal cells.  Therefore, uncontrolled
growth is a fundamental feature of cancer cell invasion.

The genetic basis for uncontrolled cell growth and ge-
netic instability for multi-morphogenesis in human breast
carcinoma has been studied in cultured cell lines and clinical
samples.  Tumor survival (eg resistance to living environments),
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growth (mitogenesis), angiogenesis, metastasis, tubulogenesis,
and branching morphogenesis may be induced by growth
factors, that is, HGF or epithelial growth factor (EGF) in many
cancer cell lines, but all these phenotypes may be more or
less associated with 1 or more abnormalities in genetic materials,
which are the major internally-driven forces resulting in the
uncontrolled growth of tumors, metastatic variants, and can-
cer progression.  Nevertheless, proliferation and efficient
metastatic cells can be induced under the stimulation of vari-
ous extracellular ligands.  The invasion properties of cancer
can be competitively inhibited by kinase inhibitors or com-
petitive inhibitors of HGF variants (eg NK4, domain from N-
terminus to krigle 4)[5].

Apart from the features of uncontrolled growth via a path-
way of activation of cyclin D1 in HGF-stimulated pathways
in human breast cancer, the disruption of the epithelial mono-
layer by quickly-growing cancer cells seems to be a neces-
sary stage for invasion[6].  The genetic programs seem to be
initiated to bring about the modification of epithelial polarity
in overt cytoskeletal rearrangements.  Although there is a
lack of experimental evidence, some biochemical and struc-
tural changes, including integrins in the basal membrane and
upregulated expression of metalloproteinases are thought
to be required for facilitating cellular invasion[2].  Thus the
growth invasion mechanism explains to a certain extent some
important features, including that cell proliferation without
control tends to invade normal tissues.  However, it has
been established that cancer cells lose contact inhibition
and thus tend to move elsewhere from their primitive site
and eventually invade distant tissues, where they survive
and grow in an aberrant way and form a secondary colony.

Studies on signal transduction seem to have created no-
tions that the phosphorylation of components in signal
transduction pathways is a key chemical step to initiate the
cell cycle, or an initiation of the cell cycle has been linked
to tumor cell invasion/metastasis as a result of the phospho-
rylation of components in signal transduction pathways.  This
concept was challenged by an interesting experiment, in which
the treatment of cells with 12-O-tetradecanoylphorbol-13-ac-
etate induced the phosphorylation of Ser-985 of c-Met, a
receptor with HGF phosphorylation kinase activity.  The phos-
phorylation was identified to link to protein kinase C (PKC)
and protein phosphatase 2A (PP2A)[7], suggesting that not
all phosphorylation on c-Met is related to the initiation of
the cell cycle.  In fact, experimental results have pointed to
specific roles of phosphorylation on different components
in the HGF–c-Met signaling pathway, that is, tumor survival
via the activation of phosphatidylinositol 3-kinase (PI3K)[8];
growth via the activated growth factor receptor-2 (Grb2)/

SOS (signaling of screening)/Ras pathway[9-11]; angiogen-
esis via the STAT (signal transducers and activators of
transcription) pathway[12]; tubulogenesis via the recruitment
of phospholipase Cγ (PLCγ) to Grb2-associated binder-1
(Gab1)[13]; and branching morphogenesis via the activation
of the STAT 3 pathway[12].  Recent studies on signaling com-
ponents have shown that diverse responses are highly spe-
cific and these may include the activation of the mitogen-
activated protein kinase pathway[14-17].

Actin is present in all living cells so that an actin control
is normally necessary to examine the viability of cells under
cultural conditions with chemicals, proteins, submetabolic
intermediates, or end products of medical herbs.  The forma-
tion of actin networks is an important step in cellular
morphogenesis, in which filamin and Arp2/3 complex are 2
important links to branch actin filaments, thus they are usu-
ally found present in actin networks.  A study of filamin A
(FLNa)-deficient human melanoma cells showed that FLNa
was essential in cells that express it for stabilizing orthogo-
nal actin networks suitable for locomotion[18].  It seems that
cells maintain a certain ratio of FLNa and the Arp2/3 complex
to actin monomers for cellular locomotion.  Further charac-
terization of the 3 components in the formation of acting
gelation showed that increasing the activated Arp2/3 com-
plex to the actin ratio raised the FLNa concentration required
to induce acting gelation, an effect resulting in actin filament
length diminution[19].  This implies that the formation of actin
gelation in the presence of FLNa and the Arp2/3 complex
stabilizes the actin filaments.  The relationship between cel-
lular actin networks and cancer cell invasion seems some-
how linked, but their intrinsic relationship has never been
reported.

Therefore, it seems that cancer cell metastasis and inva-
sion are the result of a series of complex events involving
cellular interactions between targeting cell and basement cell/
matrix and signaling transduction in particular pathways.  As
stated earlier, 2 downstream signaling modulators of c-Met,
PI3K and Grb2, were involved in tumor survival or cell growth[13],
while phosphoinositide is a downstream effector of the
phosphoinositide signaling modulator affecting cell inva-
sion through Matrigel-coated membranes and metastasis in
vivo[20].  In the present study, we focused on the molecular
mechanism of cell proliferation and invasion, including the
phosphorylation of related components in the HGF–c-Met
pathway under the stimulation/inhibition of HGF and its vari-
ants (NK1, NK2, NK3, and NK4) in human breast cancer
cells.  The results show that the overexpression of filamins
causing imbalanced ratios to actin prohibits cancer cell
invasion, but not proliferation, which suggests that cell pro-
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liferation and invasion are 2 different events.  A possible
phosphorylation pathway to regulate the expression of
filamins is also analyzed.

Materials and methods
Reagents  Taq DNA polymerase, PCR buffer, dNTP mix,

and restriction enzymes were purchased from TaKaRa (Tokyo
Japan).  The intermediate PCR cloning kit (pGEM-T easy
vector system) and expression vector pHIS-A were obtained
from Promega (Madison, WI, USA).  Rabbit antihuman phos-
phorylated c-Met, mouse antihuman c-Met (Y1234/35) and rab-
bit antihuman phosphorylated Grb2, mouse antihuman Grb2,
rabbit antihuman phosphorylated Gab1, mouse antihuman
Gab1, and rabbit antihuman γ or β-actin were obtained from
Santa Cruz Biotechnology (Santa Cruz, CA, USA).  Human
recombinant HGF was purchased from CytoLab (Rehovot,
Israel).

PCR, expression, and purification of recombinant HGF
variants  The DNA fragments for HGF variants, NK1, NK2,
NK3 and NK4, were amplified by PCR using 5’ end forward
primer 5’-CGC GGA TCC CAA AGG AAA AGA AGA AAT
AC-3’ along with any of the 4 reverse primers: 5’-CGC GGA
TCC TAA CAC TGA GGA ATG TCA CAG-3’, 5’-CGC GGA
TCC TAG CAT GTT TTA ATT GCA CAG-3’, 5’-CGC GGA
TCC TAA CAG TTT GGA ATT TGG GAG C-3’, and 5’-CGC
GGA TCC TAA CAA CGA GAA ATA GGG C-3’ to generate
DNA fragments for NK1, NK2, NK3, and NK4, respectively.
The PCR fragments were cloned into the pGEM-T vector for
DNA sequencing and then transferred to pTrcHIS
(Invitrogen, San Diego, California, USA) series for
expression.  Recombinant proteins were purified using Co2+–
Sepharose.

Cell maintenance and proliferation assays  Breast can-
cer cells MDA-MB-435S (HTB-129, ATCC, Manassas, VA,
USA) were cultured in Leibovitz’s 15 medium (L15) contain-
ing 2 mmol/L L-glutamine, 0.01 mg/mL human recombinant
insulin (Gibco, Oxford, UK), or 0.5%−10% cosmic calf serum
(CCS; Hyclone, Logan, Utah, USA) or 0.5%−10% fetal calf
serum in a 37 oC incubator.  Cell proliferation assays were
carried out as reported[21] with modifications.  Briefly,
confluent cells were detached in 0.05% trypsin 0.02% EDTA
(Biochrom, Berlin, Germany), washed in phosphate-buffered
saline (PBS), and diluted in serum-free CCS or fetal bovine
serum medium to a final concentration of 1×104 cells/mL.
The culture plate was precoated with 10 µg/mL rat tail col-
lagen type I (Upstate, Lake Placid, NY, USA), and 2000 cells
were added to each well in in sextuplets .  Human native HGF
and recombinant HGF variants expressed in Escherichia coli
and purified from the Co2+–Sepharose chromatography and

dialyzed against PBS, were added to a final concentration of
0.125–8 nmol/L, respectively, and the cells were incubated
for 2, 4, and 6 d.  The fresh culture medium and ligands were
changed every 2 d.  At each time point, the cells were stained
with 0.2% (w/v) crystal violet in 20% (v/v) methanol for 15
min.  The plate was extensively washed with distilled water
3–4 times and allowed to dry.  Viable cells stained with the
dye were dissolved in 1% (w/v) SDS (0.2 mL/well).  The ab-
sorbance was recorded at 570 nm in a microplate reader
(BioRad 5500, Bio-Rad, Hercules, CA, USA).

Invasion assays  Invasion assays were carried out with an
8 µm pore-sized membrane device as reported[22-25].  Briefly,
the cells were diluted in L15 to a final concentration of 6.25×105

cells/mL.  The cells (0.2 mL) were then added in the upper
chambers of 24-well Falcon cell culture inserts (Becton
Dickinson, Franklincakes, NJ, USA) precoated with collagen,
and the experiment was carried out in sextuplets.  HGF and
recombinant HGF variants were added respectively in the
lower chambers to final concentrations of 2 nmol/L (HGF)
and 4 nmol/L (HGF variants).  The cells on the apical side of
the membrane were removed after 21 h incubation.  Cells that
migrated to the basal side or well bottom were fixed, stained
with crystal violet, and dissolved in 1% (w/v) SDS as de-
scribed earlier.  The absorbance was recorded in a microplate
reader at 570 nm.

Immunoprecipitation–Western blot analysis  Immuno-
precipitation (IP) was initially carried out with the binding of
antibodies to specific antigens followed by protein A agar-
ose precipitation.  Western blots were carried out to detect
phosphorylated proteins or both phosphorylated and non-
phosphorylated proteins.  Briefly, the cells (2×106 cells) that
were detached by 0.05% trypsin were lysed with lysis buffer
followed by boiling of the lysate at 100 oC for 5 min.  Superna-
tants that had resulted from centrifugation at 10 000×g for 5
min at 4 oC were saved, and the protein concentration was
determined with a protein assay kit (Bio-Rad, USA).  A primary
antibody (eg rabbit anti-c-Met or rabbit antiphosphorylated
Gab1) was added to the lysate, and slow agitation was car-
ried out for 2 h at 4 oC.  This was followed by the addition of an
equal amount of protein A agarose to bind with the primary
antibody.  Immunoprecipitants that had resulted from cen-
trifugation at 8500×g for 2 min at 4 oC and dissolved in 50 µL
SDS–PAGE buffer were then separated on SDS–PAGE after
boiling at 100 oC for 5 min.  Protein bands were recognized by
mouse antibodies followed by goat antimouse immunoglo-
bulin conjugated with horseradish peroxidase, and the pro-
tein bands were revealed with an ECL system (Amersham,
Buckinghamshire, UK).

Detection of filamin production by Western blots  The
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cells (1×105) grown in L15 containing 2 nmol/L HGF or 4 nmol/L
NK1, NK2, NK3, or NK4 for 3 h were detached in 0.05% trypsin,
harvested by centrifugation, and lysed in 200 µL lysis buffer.
Supernatants that had resulted from centrifugation were
saved, and an equal volume of 2  ́SDS–PAGE buffer was
added.  The samples were heated at 100 °C for 5 min before
separation by 10% PAGE.  Protein bands were transferred to
a nitrocellulose membrane.  Western blot detection was ac-
complished using mouse anti-Gallus gallus actin (amino acid
sequence 51−79) and goat antimouse conjugated with horse-
radish peroxidase, and developed with an ECL system.

Results
Engineered HGF and expression  The human HGF gene

was used as a template in protein engineering to amplify
DNA fragments for NK1, NK2, NK3, and NK4, respectively, by
PCR (Figure 1A).  The fragments were cloned into a pGEM-T
vector (Figure 1B) for DNA sequencing, which were then
cloned in a pTrcHis-A vector for expression (Figure 1C).
Western blots showed that all the DNA fragments were suc-
cessfully expressed in Escherichia coli (Figure 2).  NK1 was
expressed as a single band, but although the majority of NK2,
NK3, and NK4 were expressed as intact mutants, some de-
graded bands were recognized by the mouse antihuman HGF
monoclonal antibody.

Engineered HGF influence cancer cell proliferation  The
human breast cancer cell line MDA-MB-435S, which is a
model cell line, was used for cellular assays for the prolifera-
tion and invasion in the presence of HGF or other growth

factors[26,27].  The addition of 1 nmol/L or more recombinant
HGF played a significant role in the enhancement of
proliferation.  Nevertheless, in order to set up the best con-
centration under our working conditions, we tested various
concentrations of HGF and its variants (NK1-NK4) in the
assays for proliferation at the range of 0.125−8 nmol/L (Figure
3).  The experiment was carried out in sextuplets with growth
medium as the control.

Figure 1.  Agarose gel electrophoresis of PCR fragments and restric-
tion fragments for engineered HGF.  (A) agarose gel electrophoretic
separation of PCR fragments for HGF variants NK1 (530 bp), NK2
(780 bp), NK3 (1060 bp), and NK4 (1380 bp); (B) agarose gel elec-
trophoretic separation of restriction fragments for NK1, NK2, NK3,
and NK4 by BamH1 from an intermediate cloning vector (pGEM-T,
3015 bp); (C) agarose gel electrophoretic separation of restriction
fragments for NK1, NK2, NK3, and NK4 by BamH1 from an expres-
sion vector (pTrcHis-A, approximately 5.1 kb).

Figure 2.  Western blots of recombinant engineered HGF expressed
in Escherichia coli.  Engineered HGF variants were isolated as crude
extracts from Escherichia coli containing pTrcHis-A/NK series
plasmids, separated by 10% SDS–PAGE, and then blotted to a nitro-
cellulose sheet.  Proteins were recognized by a mouse antihuman HGF
monoclonal antibody followed by rabbit antimouse immunoglobulin
conjugated with horseradish peroxidase.  The protein bands were
revealed by staining with DAB (diaminobenzoic acid).

Figure 3.  Proliferation assays for the growth of human breast can-
cer cells in the presence of HGF and HGF variants (NK1, NK2, NK3,
and NK4).  Cells were grown in L15 medium for 24 h with different
concentrations (0.125, 1, 2, 4, and 8 nmol/L) of HGF and its variants.
Cells were stained with crystal violet and the absorbance was mea-
sured at 570 nm.  bP<0.05, cP<0.01 compared with the control.
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Figure 3 shows that the cells remain at the best viability
when the final concentration of additional HGF reaches 1
nmol/L, but cell growth is stopped when the HGF concentra-
tion increases to 4 nmol/L.  In contrast, HGF variants exhibit
a dose-dependent inhibition; higher concentrations showed
stronger an inhibition in cell proliferation.  NK4/NK3 and
NK1/NK2 showed different inhibitory effects on cell
proliferation; NK3/NK4 inhibited cell proliferation signifi-
cantly when the concentration reached 2 nmol/L compared
with the medium control, but NK1/NK2 did not.  When the
concentration of NK2 increased to 4 nmol/L or more, the
inhibition of cell proliferation became significant, but NK1
did not; it showed no inhibitory effect even though its con-
centration increased to 8 nmol/L.  Then we assayed the in-
hibitory effect in different media (L15, CCS, and FBS) at dif-
ferent growing times (24, 72, and 96 h) at a single concentra-
tion (2 nmol/L HGF and 4 nmol/L HGF variants).  Data are
plotted in Figure 4 and show that the proliferation of the
cancer cells was well distinguished in the presence of HGF
and its variants in L15 (Figure 4A), 1% CCS (Figure 4B), or
1% FBS (Figure 4C) media.  The results showed that NK3
and NK4 were rather consistent in the inhibition of cell pro-
liferation in different media, but not NK1.  Although the pro-
liferation assays could be carried out in L15 medium, the
absorbance showed that the overall cell number was less
than that in 1% FBS, suggesting better viability in the FBS
medium than L15.  Interestingly, cells grown in 1% FBS me-
dium showed significant differences in the presence of dif-
ferent HGF variants at different durations (Figure 4C).

NK3 and NK4 inhibited the invasion of cancer cells
Assays for cell invasion were carried out in L15 medium in
the presence of 2 nmol/L HGF and 4 nmol/L HGF variants.
Cells in the upper chamber invaded through an 8 µm mem-
brane device to the lower chamber in the presence of HGF/
HGF variants.  After the experiment, the cells in the lower
chamber were stained in crystal violet, and the relative cell
density was measured.

The results are plotted in Figure 5, and show that cell
invasion was significantly inhibited by NK3 or NK4, but not
NK1 or NK2 at 4 nmol/L.  However, when the concentration
of NK1 or NK2 was increased to 20 nmol/L, the inhibition
became significant in comparison with the medium control
(data not shown).

A cross analysis of the effect of all 4 HGF variants on cell
invasion showed that all of the recombinant proteins exhib-
ited inhibitory effects on cancer cell invasion either by the
inhibition of cell proliferation at 4 nmol/L in 1% FBS (NK1 or
NK2) or the inhibition of both proliferation and invasion in
all media (NK3 or NK4).

Phosphorylated components under ligand stimulation
In order to analyze the possible signaling pathways of re-
combinant HGF variants, phosphorylated components, in-

Figure 4.  Time-course assays for the effects of HGF (2 nmol/L) and
its variants (4 nmol/L) on the growth of cancer cells in different
media.  New media containing appropriate concentrations of HGF or
HGF variants were added in the media and collected at the indicated
time points.  Cells were stained with crystal violet, and absorbance
was measured at 570 nm.  Assays were carried out in (A) L15 medium,
(B) CCS, or (C) 1% FBS.  bP<0.05, cP<0.01 compared with the control.
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cluding c-Met, Grb2, Gab1, protein kinase B (PKB), and PLCγ
were analyzed by IP–Western blots.  The results showed
that the phosphorylation of c-Met may be stimulated in the
presence of HGF, but not HGF variants (NK2–NK4).  The
results also indicated that NK1 did not seem to inhibit the c-
Met phosphorylation.  The most obvious difference between
recombinant HGF and its variants was the phosphorylation
of the cytoplasmic components of PLCγ and Grb2.  The stimu-
lation of cells with 2 and 8 nmol/L HGF generated visible
phosphorylated PLCγ and Grb2, whereas these components
were almost not phosphorylated (PLCγ) or were kept at very
low levels of phosphorylation (Grb2) under the stimulation
of HGF variants.  Gab1 is located between Src and c-Met, but
this component remained at a constant phosphorylation level
in the cells (Figure 6).

The difference of cytoplasmic component phosphoryla-
tion between the HGF variants was also observed.  The phos-
phorylation of Gab1, a component in the c-Met pathway,
was enhanced with NK1 and NK2, but not NK3 and NK4.
On the contrary, PKB phosphorylation was elevated by NK3
and NK4, but not NK1 and NK2 (Figure 6).

Overexpression of filamins in the presence of NK3 and
NK4  Proteins in the actin superfamily in human cells include
actins (42, 43, and 48 kDa), filamins (285 kDa filamin A, 230
kDa filamin B, and 165 kDa filamin Bv), FLJ00119 (165 kDa),
vimentin (52 kDa), gelsolin (87 kDa), and cdc42 (25 kDa), all
of which contain epitopes identical or similar to the se-
quences of 51 to 70 amino acids of actin from Gallus gallus.
The sequence was used to raise antibodies for general purpose.
Western blots of total proteins isolated from human breast

cancer cells (MDA-MB-435S) incubated with human recom-
binant or engineered HGF for 3 h showed a striking change
in a region of proteins with high molecular weight, including
filamins A, B, and Bv (Figure 7).

The protein bands from the Western blots were scanned
by densitometry and the ratio of filamins to actin in the se-
rum-free control (Figure 7) was approximately 1:40–1:50,
which remained unchanged under the stimulation with HGF,
NK1, and NK2.  However, the ratios of filamin A, filamin
B, FLJ00119, and/or filamin Bv to actins were drawn near
to 4:1, and there were 10-fold changes when cocultured
with NK3 or NK4.  The overexpression of filamins and
FJL00119 was accumulated to maximum amounts after 3 h
of stimulation.

Some unidentified but consistently-occurring protein
bands were also recognized by the primary antibodies, but
their identities, relations to actins, ligands, or signaling path-
ways need to be further investigated.

Discussion
Our results clearly demonstrate different signaling trans-

duction pathways in relation to the stimulation of HGF or

Figure 5.  Cell invasion assays in the presence of HGF (2 nmol/L)
and its variants (4 nmol/L).  Cells in the upper chamber and proteins
in the lower chamber were separated by membrane devices (8 µm in
diameter).  Invaded cells in the lower chamber were stained with
crystal violet and absorbance was measured a t 570 nm.  cP<0.01
compared with the control.

Figure 6.  IP–Western blot assays for the phosphorylation of cyto-
plasmic components in the presence of 2 nmol/L HGF or 4 nmol/L
HGF variants.  Cells were stimulated for 3 h before harvesting and
lysis, and specific phosphorylated proteins were bound by antiphos-
phorylated PKB, PLCγ, Gab1, c-Met, and Grb2, respectively, and
precipitated by protein A agarose.  Precipitated phosphorylated pro-
teins were analyzed by Western blots.
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engineered derivatives in human breast cancer cells.  The
results suggest that: (1) NK3 and NK4 inhibit the prolifera-
tion and invasion of human breast cancer cells via different
mechanisms from HGF, NK1, or NK2.  That is, signals from
HGF, NK1, or NK2 may have similar pathways, but they are
different from NK3 or NK4; (2) the inhibition of the prolifera-
tion and invasion of cancer cells by HGF variants were ex-
hibited in a dose-dependent manner; and (3) the overexpression
of filamins is related to the inhibition of tumor cell migration
and invasion.

Proliferation assays in L15 in the presence of HGF or its
variants showed that all of the 4 HGF variants caused de-
layed growth of the cancer cells in a dose-dependent manner,
in which NK1 was shown the weakest antagonist in cell pro-
liferation (Figure 3).  NK4 had been shown as an antagonist
for cancer cell growth in dose-dependent manner[28], and our
results showed that NK1 and NK2 were also dose-depen-
dent antagonists.  A 7-fold higher concentration of NK1 than
NK3 or NK4 was required to exhibit similar inhibitory effects
on cell growth.  Assays in different media with time course
confirmed the inhibitory results of engineered HGF variants
(Figure 4).  Assays for invasion (Figure 5) in the presence of
HGF variants clearly showed that NK1 and NK2 were much
weaker antagonists than NK3/NK4.  The statistical analysis
showed that NK1 and NK2 did not inhibit cell invasion sig-
nificantly compared with the medium control (Figure 5),
whereas NK3 and NK4 were significant inhibitors to the
process.  This suggests that protein conformations play an

Figure 7.  Western blot for filamins in human breast cancer cells
incubated with HGF or HGF variants.  Primary antibody was mouse
monoclonal antibody against a synthetic peptide spanning the 51st-
70th residues of Gallus gallus actin, and the secondary antibody was
rabbit antimouse antibody conjugated with horseradish peroxidase.
Amounts of extracted total proteins were assayed using the Bio-Rad
protein assay kit, and each lane was loaded with equal amounts of
proteins.

important role in binding with receptors and stimulating sig-
nal transduction.  Moreover, different signaling pathways
could be present between NK1/NK2 and NK3/NK4.  IP–West-
ern blots for phosphorylated components in the HGF–c-Met
pathway (Figure 6) showed that NK3 and NK4 might cause
instability of c-Met, Grb2 and PLCγ.

Another new observation in the present work is that both
NK3 and NK4 stimulate the production of filamins (Figure 7).
Four different subunits were heavily generated after 3 h
stimulation with NK3 or NK4, ranging from 165 to 285 kDa.
Filamins A, B, and Bv, and FLJ00119 are members of the actin
superfamily, and their molecular sizes are located at the region;
the lower band (165 kDa) may contain filamin Bv and
FLJ00119.

Phosphorylatory routes of proteins or signaling path-
ways are key chemical steps for initiating or turning off the
cell cycle as well as inducing the expression of specific genes,
and are therefore involved in various cellular/tissue changes,
including mitogenesis, motogenesis, morphogenesis, and
angiogenesis.  The initiation of the cell cycle thus relates to
tumor cell invasion/metastasis as a result of phosphoryla-
tion of the components in signaling transduction pathways.
Although c-Met phosphorylation has been thought to be
the only gate of the HGF/SF (scatter factor)–c-Met path-
ways to the cell cycle, the phosphorylation identified as a
link to PKC and PP2A[7] is not related to the initiation of the
cell cycle.  Thus we tested some key components including
c-Met[8] (the gate of the pathways), which had been shown
to be involved in mitogenesis; Grb2, which was related to
cell growth via the activated Grb2/SOS/Ras pathway[9-11];
Gab1, which was involved in morphogenesis/tubulogenesis
via the recruitment of PLCg to Gab1[13]; and PKB in the STAT
pathway[12] to examine their phosphorylation in the pres-
ence of HGF and its variants.  The results shown in Figure 6
suggest that: (1) HGF increased the total amount of phos-
phorylated c-Met, PI3K, and Grb2, probably by protecting
against the degradation of these components; (2) NK3/NK4
signals were passed via PKB in the STAT pathway, but not
NK1/NK2, although all the HGF variants promoted the insta-
bility of c-Met, Grb2, and PLC; (3) the production of filamins
(Figure 7) may be related to the STAT pathway due to the
enhancement of the phosphorylation of PLC, but the signals
of NK1 and NK2 did not seem to pass via the same way.

In summary, this paper states clear mechanisms of action
of HGF by engineered derivatives: protection against the deg-
radation of signal components (HGF), the promotion of the
instability of signal components (all 4 HGF variants), different
pathways (eg NK3/NK4 via the STAT pathway, but not NK1/
NK2), and enhancement of filamin production (NK3/NK4).
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