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Support mechanisms involved in growth of andro-
gen-independent prostate cancer are primarily un-
known. Hepatocyte growth factor (HGF)/Met has
been suggested to be one of them based primarily on
immunohistochemical studies. We conducted a series
of experiments to assess the role of the HGF/Met
system in an androgen-dependent human prostate
carcinoma, CWR22 and its androgen-independent de-
rivative, CWR22R. We found that action of HGF
changed from paracrine to autocrine in progression
to androgen-independent state. CWR22 tumors did
not express HGF but expressed Met, whereas prostate
stromal cells expressed HGF at a high level. Growth of
CWR22 was stimulated either by addition of HGF to
the culture or by the presence of prostate stromal
cells. On the other hand, CWR22R cells expressed
both HGF and Met. Knockdown of Met expression by
RNA interference method suppressed the growth of
CWR22R cells. Our data suggest that HGF is intimately
involved in growth of human prostate cancer and that
progression from the androgen-dependent to the an-
drogen-independent state is associated with an adap-
tive switch in support mechanism from paracrine to
autocrine. Our data offer one mechanism to account
for androgen-independent human cancer growth.
(Am J Pathol 2004, 165:533–540)

Prostate cancer is the most common cancer and the
second most common fatal cancer in men in the United
States.1 Although prostate-specific antigen (PSA)-based
screening has led to the discovery of more organ-con-
fined cancer cases than in the past, a large number of

men are still discovered at either locally invasive or more
advanced stage and hormonal or radiation therapy is
offered as a palliative treatment. Typically, an initial re-
sponse to androgen ablation therapy is observed in 70%
of patients but most patients relapse within 3 years,2 and
the failure of androgen ablation therapy is attributed to
androgen-independent tumor growth. Mechanism(s) sup-
porting the growth of hormone-refractory prostate cancer
is under intense investigation; some of them seem to
involve the androgen receptor (AR) signaling; mutated or
amplified AR is activated by low doses of androgens,3–5

other steroids,6 or anti-androgens.7 Also AR activation
may be regulated by other mechanisms via co-activa-
tors,8 peptide growth factors,9 cytokines,10 or aberrant
methylation of AR 5�-regulatory region.11 Another pro-
posed mechanism is a paracrine support by neuroendo-
crine-type carcinoma cells that are AR-negative, co-exist
with conventional-type carcinoma cells, and increase in
number after hormonal ablation therapy. They secrete a
variety of neuropeptides that are suggested to support
the growth of androgen-independent carcinoma cells by
a paracrine mechanism.12,13

Hepatocyte growth factor (HGF), originally identified
as a potent mitogen that stimulates the growth of hepa-
tocytes, has multiple biological functions in different tis-
sues.14–16 In carcinomas of various organs including the
prostate,17–29 HGF has been proposed as an autocrine/
paracrine factor. The HGF receptor is encoded by the
Met proto-oncogene, which was initially isolated as an
activated transforming gene in a human osteosarcoma
cell line.30

We are interested in elucidating the role of the HGF/
Met system in progression from an androgen-dependent
to androgen-independent state. We have recently dem-
onstrated that HGF produced by prostate stromal cells is
a paracrine growth factor that stimulates the growth of
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androgen-independent human prostate cancer in vitro
and in vivo.31 By immunohistochemistry, Met is expressed
frequently in prostate carcinomas and its frequency in-
creases in metastatic carcinomas.27 We and others have
shown that its ligand, HGF, was expressed primarily by
the prostate stromal cells but also by carcinoma cells in
some cases.29,32 In that study of ours in which growth
stimulatory action of HGF was demonstrated,31 the cell
lines used (PC-3 and CA-7T2) expressed neither AR nor
PSA. However, most of the androgen-independent hu-
man prostatic carcinomas express both AR and PSA.33

Therefore, it is appropriate to conduct studies using an-
drogen-dependent and -independent prostate carcino-
mas that express both AR and PSA.

In the present study, we used human prostate cancer
xenografts, CWR22 that is androgen-dependent,34,35

and CWR22R that is androgen-independent.36 Both ex-
press AR and PSA.34–36 The CWR22 xenograft was orig-
inally derived from a primary human prostate carcinoma
and has been maintained in athymic nude mice by serial
transplantations.34 CWR22R cells were derived from the
CWR22 tumor as a regrowth after castration of tumor-
bearing mice, have been adapted to grow in culture,
express AR, and secrete PSA into culture medium.36

Using CWR22 and CWR22R cells, we examined the ex-
pression of Met and HGF, and tested the effect of HGF on
growth of CWR22 and CWR22R cells in vitro.

Materials and Methods

Cells and Cell Culture

We used four human prostatic carcinoma cell lines
CWR22R (provided by Dr. James W. Jacobberger, Case
Western Reserve University, Cleveland, OH),36 LNCaP,
DU145, and PC-3,37 and one xenograft CWR22 (pro-
vided by Dr. Thomas G. Pretlow, Case Western Reserve
University, Cleveland, OH).34 Primary cultured CWR22
cells were established in our laboratory as follows:
CWR22 tumor tissue was cut into multiple minute cubi-
cles and dissociated at 37°C for 2 hours with 0.1% col-
lagenase I (Worthington, Freehold, NJ). Cell suspension
was filtered through a cell strainer with 70-�m nylon mesh
(Becton Dickinson Biosciences, Franklin Lakes, NJ).
Cells collected by centrifugation were washed three
times with RPMI 1640 (Invitrogen Corp., Carlsbad, CA)
fortified with 10% fetal bovine serum (FBS; Invitrogen
Corp.), placed on a plastic surface, and grown in Rich-
ter’s Improved MEM (Irvine Scientific, Santa Ana, CA)
containing 10 mmol/L nicotinamide (Sigma-Aldrich, St.
Louis, MO), 20 ng/ml epidermal growth factor, insulin-
transferrin-selenium supplement, 100 �g/ml streptomy-
cin, 100 U/ml penicillin, 0.25 �g/ml fungizone, and 2%
FBS (all from Invitrogen Corp.). Because we had con-
firmed earlier that primary cultured CWR22 cells ex-
pressed PSA at a high level in passages 1 to 4, cells at
passages up to 2 were used in the present study.

Prostate stromal cells were derived from a cancer-free
portion of a prostatectomy specimen removed for carci-
noma. All of the cells except for CWR22 cells were main-

tained in RPMI 1640 containing 10% FBS, 100 U/ml pen-
icillin, 100 �g/ml streptomycin, and 0.25 �g/ml fungizone,
and incubated in a humidified atmosphere of 95% air and
5% CO2 at 37°C. This is referred to as complete medium.

Isolation of Cytoplasmic RNA and Reverse
Transcriptase-Polymerase Chain Reaction
(RT-PCR)

RNA was prepared by lysing cells in a hypotonic buffer
containing Nonidet P-40 (Sigma-Aldrich), followed by re-
moval of nuclei. Cytoplasmic RNA was reverse-tran-
scribed by Moloney murine leukemia virus reverse tran-
scriptase (Invitrogen Corp.) at 42°C for 60 minutes with
the use of random primers (5 �mol/L; Invitrogen Corp.).
Subsequently, 1 �l of the products was subjected to PCR
amplification. The final concentration of deoxynucleotide
triphosphates (Applied Biosystems, Foster City, CA) and
primers in the reaction mixture was 200 �mol/L and 1
�mol/L, respectively. TaqDNA polymerase (Applied Bio-
systems) was added to the mixture at a final concentra-
tion of 0.05 U/�l, and the reaction was performed in a
DNA Thermal Cycler (Applied Biosystems). The primers
for human Met, glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH), and human HGF (R&D Systems, Minne-
apolis, MN) were purchased or synthesized as described
in the previous report.31,38 PCR products were electro-
phoresed on 1% agarose gel and stained with ethidium
bromide.

Western Blot Analysis

Cells grown in monolayers were harvested at subconflu-
ency and lysed with CelLytic M Cell Lysis Reagent (Sig-
ma-Aldrich) containing a protease inhibitor cocktail tablet
(Roche Diagnostics, Mannheim, Germany) and phospha-
tase inhibitor cocktail I and II (Sigma-Aldrich). The sam-
ples were centrifuged at 12,000 � g for 10 minutes at 4°C
and the supernatant protein samples were electropho-
resed on sodium dodecyl sulfate-polyacrylamide gel
(Bio-Rad, Hercules, CA) and transferred to a polyvinyli-
dene difluoride membrane (Millipore, Bedford, MA). The
membranes were blocked with 5% nonfat dry milk (Wako,
Osaka, Japan), 1� T-TBS [25 mmol/L Tris-HCl, 125
mmol/L NaCl, 0.1% Tween 20 (Sigma-Aldrich)] for 1 hour
at room temperature and probed with primary antibodies
overnight at 4°C and then with horseradish peroxidase-
conjugated secondary antibodies for 1 hour at room tem-
perature. The immune complexes were visualized with
the use of the enhanced chemiluminescence (ECL) Plus
or the ECL Advance kit (Amersham Biosciences, Piscat-
away, NJ) according to the protocol of the manufacturer.
For internal control, the blots were stripped with 62.5
mmol/L Tris-HCl (pH 6.8) buffer containing 0.7% 2-mer-
captoethanol and 2% sodium dodecyl sulfate (Sigma-
Aldrich) at 50°C for 30 minutes and reprobed with mouse
anti-�-tubulin monoclonal antibody (Becton Dickinson
Biosciences, San Jose, CA). Primary antibodies were
purchased from the following commercial sources: poly-
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clonal antibodies against phospho-Met (p-Met, Tyr1349)
were from Cell Signaling Technology (Beverly, MA), poly-
clonal rabbit anti-human Met (C-12) antibodies from
Santa Cruz Biotechnology (Santa Cruz, CA), and second-
ary antibodies against rabbit or mouse IgG from Amer-
sham Biosciences.

Three-Dimensional Collagen Gel Culture

Collagen gel was prepared as reported previously.31 In
brief, 8 vol of rat tail type I collagen suspension (Becton
Dickinson Biosciences) were mixed with 1 vol of 10-fold
concentrated RPMI 1640 (Sigma-Aldrich) and 1 vol of
reconstruction buffer (2.2 g of NaHCO3, 4.77 g of Hepes
in 100 ml of 0.05 N NaOH; Sigma-Aldrich). Collagen gel
with or without stromal or carcinoma cells (5 � 104 cells/
well) was poured into a 24-well plate (0.5 ml/well). After
incubation for 30 minutes at 37°C to permit complete
gelation, a second collagen layer containing carcinoma
cells (5 � 104 cells/well) was placed on top of the first
layer. After gelation, RPMI 1640 or complete Richter’s
Improved MEM containing 5% charcoal-stripped FBS
(cFBS) was added. The medium was changed every
other day. After incubation for 4, 8, or 14 days, each gel
layer was mechanically removed, and cells contained in
the upper layer were recovered by treatment with 0.1%
collagenase I and 0.5% trypsin-5.3 mmol/L ethylenedia-
minetetraacetic acid (Invitrogen Corp.) and were counted
with a hemocytometer. PSA protein in the culture super-
natants was measured using the Tandem-E PSA immu-
noenzymetric assay kit (Hybritech, San Diego, CA)
according to the manufacturer’s protocol. In some
experiments, mibolerone (10 nmol/L; NEN Life Science
Products, Boston, MA), human recombinant HGF (20
ng/ml; R&D Systems), goat normal IgG, or goat anti-
human HGF antibody (2 �g/ml; R&D Systems) was
added to the above cultures.

Measurement of Secreted HGF

Cells were washed three times with Hanks’ balanced salt
solution (Invitrogen Corp.) and downshifted to serum-free
RPMI 1640 medium. After 48 hours, conditioned medium
(CM) was collected and clarified by centrifugation. HGF
protein in CM was measured by the Quantikine human
HGF immunoassay kit (R&D Systems) according to the
manufacturer’s protocol.

Phosphorylation of Met Protein

Cells were grown to �70% confluency on 100-mm dishes
in complete medium. After a starving time of 48 hours in
serum-free medium, CWR22R cells were incubated with
goat normal IgG (2 �g/ml; R&D Systems) or goat anti-
human HGF antibody (2 �g/ml) for 48 hours. PC-3 cells
were stimulated with HGF (40 ng/ml) for 30 minutes in the
presence or absence of goat anti-human HGF antibody
(2 �g/ml). After treatment, Western analysis was per-
formed with the use of phospho-Met antibody and then
densitometric analysis was done by NIH Image 1.61.

Mutation Analysis of the Met Gene

The entire encoding sequences of the Met gene were
amplified from CWR22R-derived cDNA by Platinum Pfx
DNA polymerase (Invitrogen Corp.) with the use of eight
oligonucleotide primer sets; 5�-CCA CTG GTT CCT GGG
CAC CG-3� and 5�-ATG AAA GGA CTT TGG CTC CC-3�,
5�-TGC TGA CAT ACA GTC GGA GG-3� and 5�-AAG
CAG TGC TCA TGA ATT GGG-3�, 5�-TCT GCC ATG TGT
GTG CAT TCC CC-3� and 5�-TCA GGC ATT CCT CCG
ATC GC-3�, 5�-GCA GAC ATT TCC AGT CCT GC-3� and
5�-GTT GAG AGG TTC TTT CCA CC-3�, 5�-ACA AGC
ATC TTC AGT TAC CG-3� and 5�-AGC GAA CTA ATT
CAC TGC CC-3�, 5�-ACT TGG GTT TTT CCT GTG GC-3�
and 5�-AAT CTT TCA TGA TGA TTC CC-3�, 5�-CTT TGT
TGG ACA ATG ATG GC-3� and 5�-CCA CAC ATC TGA
CTT GGT GG-3�, and 5�-CTG CCA GTG AAG TGG ATG
GC-3� and 5�-TGG CCT TTT AAA GGT CAG GC-3�. The
blunt-end PCR products were directly cloned into
pCR4Blunt-TOPO (Invitrogen Corp.) and then sequenced
with the CEQ 2000XL (Beckman Coulter, Fullerton, CA)
following the manufacturer’s protocol.

Synthetic Small Interfering RNAs (siRNAs) and
Transfection

Synthetic siRNAs were purchased from Dharmacon
(Lafayette, CO). The RNA duplexes were resuspended in
RNase-free annealing buffer [20 mmol/L KCl, 6 mmol/L
HEPES-KOH (pH 7.5), 0.2 mmol/L MgCl2] to a final con-
centration of 20 �mol/L. The target sequences for siRNAs
used in this study were 5�-CGU ACG CGG AAU ACU
UCG A-3� for luciferase GL2, 5�-GGA CCG GUU CAU
CAA CUU C-3� for human Met, and 5�-GUA UCC UCA
CGA GCA UGA C-3� for human HGF. Luciferase GL2
siRNA labeled with Cy-3 was used for evaluating trans-
fection efficiency and also used as a negative control for
RNA interference (RNAi) study.

To assess transfection efficiency and function of siRNA
in CWR22R cells, cells were seeded at a density of 5 �
105 per well in a 60-mm culture dish in complete medium.
Transfection was performed 24 hours later with the use of
Lipofectamine 2000 reagent (Invitrogen Corp.) mixed
with 360 pmol of Cy-3-labeled luciferase GL2-siRNA, 3
�g of reporter plasmid pGL2 (Promega, Madison, WI),
and 0.5 �g of pRL-TK Renila luciferase reporter (Pro-
mega). After 48 hours, cells were examined by a fluores-
cence phase contrast microscope with a Cy-3 filter (Ni-
kon, Tokyo, Japan) and then lysed with 1� passive lysis
buffer (Promega). Their luciferase activity was measured
with the use of dual-luciferase reporter assay system
(Promega) and a luminometer (Gene Light 55; Nition,
Funabashi, Japan).

For RNAi against target genes, we transfected
CWR22R cells with synthetic siRNAs. Transfections were
performed in a 100-mm culture dish at 70% confluency
by using Lipofectamine 2000 reagent with 1 nmol of
luciferase GL2-siRNA, Met-siRNA, or HGF-siRNA. Forty-
eight hours later, cells were lysed for Western analysis or
transferred to three-dimensional collagen gel cultures.
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Results

Expression of Met/HGF Receptor in CWR22
and CWR22R Cells

By RT-PCR and Western blotting, Met mRNA and protein
were detected in both types of cells. However, CWR22R
cells expressed Met mRNA and protein at a much higher
level than did CWR22 cells (Figure 1, A and B). For
detection of Met expression, we used DU145 and PC-3
cells as positive controls and LNCaP cells as a negative
control as reported previously.28,31

Effect on Growth of Exogenous HGF and
Prostate Stromal Cells in Three-Dimensional
Culture

We tested the effect of exogenous HGF and prostate
stromal cells on the growth of CWR22 and CWR22R cells
in the presence or absence of 10 nmol/L synthetic andro-
gen mibolerone. After a 14-day culture, exogenous re-
combinant human HGF (20 ng/ml) significantly stimulated
the growth and PSA release of CWR22 cells by �2.5-fold
regardless of the presence of mibolerone (P � 0.001 as
compared with the control culture). Mibolerone was
shown to have no additive or synergistic effects on the
HGF-stimulated growth of CWR22 cells. In the 14-day
culture, however, mibolerone alone enhanced the growth
and PSA release of CWR22 cells. Prostate stromal cells in
the collagen gel likewise enhanced the growth and PSA

release of CWR22 cells by 2.8-fold (P � 0.001 over the
control culture) (Figure 2A). Anti-HGF neutralizing anti-
body (2 �g/ml) completely abrogated the stimulatory ef-
fect of prostate stromal cells (P � 0.001) (Figure 2B).
Exogenous HGF (up to 100 ng/ml) and the presence of
prostate stromal cells in the collagen gel, on the other
hand, had neither stimulatory nor inhibitory effect on the
growth of CWR22R cells (Figure 2C). However, prostate
stromal cells but not exogenous HGF induced the pro-
duction of PSA in CWR22R cells (P � 0.001).

Expression and Secretion of HGF by
CWR22R Cells

First, we examined the expression of HGF in prostatic
carcinoma cells. HGF mRNA was detected only in
CWR22R cells (Figure 3A). Analogous to the expression
at mRNA level, only CWR22R cells released a large
amount of HGF protein (Table 1). We used prostate stro-
mal cells as a positive control for HGF expression and

Figure 1. A: RT-PCR for the expression of Met mRNA in CWR22 and CWR22R
cells. Cells used as positive controls for Met were DU145 and PC-3 cells and
cells used as a negative control were LNCaP cells. Primers specific for Met
and GAPDH cDNAs generated fragments of 516 bp and 782 bp in size,
respectively. B: Western blot analysis for Met expression. Cell lysates were
isolated and electrophoresed on 8% sodium dodecyl sulfate-polyacrylamide
gel (50 �g of protein per lane). Blots were incubated with anti-Met antibodies
and then were developed by the ECL kit. CWR22R cells expressed Met mRNA
and protein at a much higher level than did CWR22 cells. Figure 2. Effect of exogenous HGF, prostate stromal cells (P-ST), or anti-

human HGF neutralizing antibody on growth of androgen-dependent
(CWR22; A and B) and -independent (CWR22R; C) human prostatic carci-
noma cells in three-dimensional collagen culture. Cells were cultured in the
appropriate medium containing 5% cFBS with or without 10 nmol/L of
mibolerone, 20 ng/ml of human recombinant HGF, and/or 2 �g/ml of
anti-human HGF neutralizing antibody. After incubation for 14 (A), 8 (B), or
4 (C) days, PSA in medium was measured, and cells were recovered and
counted. Results are expressed as ratio to the control culture without mibo-
lerone. Bars denote SD of triplicate samples. Growth of CWR22 was signif-
icantly stimulated by mibolerone, exogenous HGF, and co-cultured prostate
stromal cells, and was suppressed by anti-HGF (*, P � 0.001, respective
comparison), whereas growth of CWR22R cells was not. Mibolerone, how-
ever, has no additive or synergistic effects on HGF-stimulated growth of
CWR22 cells.
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LNCaP, DU145, and PC-3 cells as negative controls.28,31

Next, we tested the possibility that HGF produced by
CWR22R cells was an autocrine growth factor. Contrary
to our expectation, anti-HGF neutralizing antibody had no
effect on the growth of CWR22R cells (Figure 3B).

Biological Activity of HGF and Autocrine
Activation of Met in CWR22R Cells

To address the question of why HGF secreted by
CWR22R cells demonstrated no effect on their own
growth, we examined the biological activity of CWR22R-
released HGF and the phosphorylation status of Met.
HGF secreted by CWR22R cells was tested for its bio-
logical activity in PC-3 cells that are known to respond to
HGF.31 As compared to the control culture, the presence
of CWR22R cells in the collagen gel significantly stimu-
lated the growth of PC-3 cells, the result indicating that
HGF secreted by CWR22R is physiologically active. PC-3
cells did not affect the growth of CWR22R cells at all
(data not shown). Anti-HGF neutralizing antibody almost
completely abrogated the stimulatory effect of CWR22R
cells (P � 0.001) (Figure 4A).

To evaluate the phosphorylation status of Met in
CWR22R cells, we used the phospho-specific antibodies
against Met on the tyrosine residue 1349. In Western
blotting for phosphorylated Met, a specific single band
was detected. In CWR22R cells, Met was constitutively
phosphorylated regardless of HGF. In contrast, HGF
markedly induced the phosphorylation of Met in PC-3
cells. Although addition of anti-HGF neutralizing antibod-
ies to the medium dramatically decreased the HGF-in-

Figure 3. A: RT-PCR for the expression of HGF mRNA in human prostate
carcinoma cells. Cells used as a positive control for HGF were prostate
stromal cells (P-ST) and cells used as negative controls were LNCaP and PC-3
cells. Primers specific for HGF and GAPDH cDNAs generated fragments of
396 bp and 782 bp in size, respectively. HGF mRNA was detected only in
CWR22R cells. B: CWR22R cells were cultured in collagen gel. Anti-human
HGF antibody was added into medium at a final concentration of 2 �g/ml.
After incubation for 4 days, cells in the collagen layer were recovered and
counted. Results are expressed as ratio to the control culture without mibo-
lerone. Bars denote SD of triplicate samples. Anti-HGF neutralizing antibody
had no effect on the growth of CWR22R cells.

Table 1. HGF Release into CM by Human Prostate
Carcinoma Cells

Cells HGF (pg/104 cells)

CWR22 nm
CWR22R 292 � 2
LNCaP nm
DU145 nm
PC-3 nm
Prostate stromal cells 677 � 40

Any value under 40 pg/ml is not measurable (nm) with the assay kit
used.

Figure 4. A: Effect of HGF secreted by CWR22R cells on growth of c-Met-
expressing PC-3 cells. PC-3 (top layer) and CWR22R (bottom layer) cells
were cultured in collagen gel. After incubation for 4 days, cells were counted.
Anti-human HGF antibody was added to medium at a final concentration of
2 �g/ml. Results are expressed as ratio to the control culture. Bars denote SD
of triplicate samples. The presence of CWR22R cells in the collagen gel
significantly stimulated the growth of PC-3 cells and anti-HGF neutralizing
antibody almost completely abrogated the stimulatory effect of CWR22R
cells. *, P � 0.001 as compared with control culture. **, P � 0.001 as
compared with positive control culture. B: Western blot analysis for phos-
phorylation of Met. Cell lysates were isolated and electrophoresed on 8%
sodium dodecyl sulfate-polyacrylamide gel (50 �g for CWR22R and 20 �g for
PC-3 of protein per lane). Blots were incubated with anti-phospho-Met
(Tyr1349) antibodies and then were developed by the ECL Advance kit.
Anti-HGF neutralizing antibodies drastically reduced the HGF-induced phos-
phorylation of Met in PC-3 cells, whereas there was no effect on the auto-
phosphorylation of Met in CWR22R cells.
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duced phosphorylation of Met in PC-3 cells, they had no
effect on the autophosphorylation of Met in CWR22R cells
(Figure 4B). Met protein also was detected as two bands
that indicated a precursor form (upper band) and a pro-
teolytically processed mature form (lower band), respec-
tively. The possibility that the enhanced tyrosine kinase
activity was because of mutations39,40 was ruled out by
demonstrating the normal sequence of the Met gene
(data not shown). These results suggested that Met phos-
phorylation of CWR22R cells was regulated by an HGF
autocrine loop.

Knockdown of Met Expression in CWR22R
Cells by RNAi

Using the RNAi method, we examined the possibility that
HGF synthesized by CWR22R cells functioned in an in-
tracellular autocrine manner as reported in other cell
systems.41,42 To evaluate transfection efficiency in
CWR22R cells, we first performed co-transfection of Cy-
3-labeled luciferase GL2-siRNA and the pGL2 luciferase
reporter vector. As was demonstrated in Figure 5A almost
all cells were transfected with the luciferase GL2-siRNA
and the siRNA reduced the luciferase activity by �60%.

Next, synthetic siRNA specific for Met or HGF was trans-
fected into CWR22R cells. After a 48-hour culture, trans-
fection of Met-siRNA but not HGF-siRNA reduced the
phosphorylation and expression of Met protein to ex-
tremely low levels and suppressed the invasive growth by
20% (Figure 5B). HGF-siRNA reduced HGF release by
40% (Table 2). These results indicate that an HGF auto-
crine loop is one of androgen-independent growth sup-
port systems.

Discussion

Several immunohistochemical studies including ours
demonstrated that human prostate carcinoma cells but
not normal secretory columnar cells of the prostatic acini
express Met protein and that advanced stage prostate
carcinoma cells express both Met and HGF in a high
frequency.27–29,32,43 A recent study indicates that the
serum HGF level in men with metastatic prostate carci-
noma is significantly elevated as compared to that of men
with localized carcinoma or to that of men without carci-
noma.44 Although these data suggest that prostate can-
cer at an advanced stage is the source of HGF in circu-
lation, the exact source or the role of HGF remains
unclear. These observations, however, suggest the HGF/
Met system may operate in localized (mostly androgen-
dependent) as well as metastatic (androgen-dependent
initially but androgen-independent after hormone ther-
apy) prostate cancer.

To assess the role of HGF/Met in prostate cancer cells
that express AR, we conducted a series of in vitro studies
using androgen-dependent CWR22 and androgen-inde-
pendent but still androgen-responsive CWR22R cells.
The latter were derived from a CWR22 tumor as a re-
growth after castration of tumor-bearing mice. Our results
are summarized as follows: androgen-dependent
CWR22 cells express AR and Met protein but do not
produce HGF. Their growth in vitro is significantly stimu-
lated by HGF, either exogenous or prostate stromal cell-
derived. Mibolerone has no additive or synergistic effects
on the HGF action. Androgen-independent CWR22R
cells, on the other hand, secrete HGF in a large quantity
and express Met protein at a much higher level than
CWR22 cells. HGF secreted is functional, stimulating the
growth of carcinoma cells that express Met. Met is con-
stitutively phosphorylated in CWR22R cells and its knock-
down by the RNAi method reduces their growth rate.

Figure 5. A: Transfection efficiency and function of siRNAs. CWR22R cells
were seeded at a density of 5 � 105 per well in a 60-mm culture dish.
Twenty-four hours later, transfection was performed using lipofectamine
reagent mixed with 360 pmol of Cy-3-labeled luciferase GL2-siRNA, 3 �g of
the reporter plasmid pGL2, and 0.5 �g of pRL-TK Renila luciferase reporter.
After 48 hours, cells were observed by a fluorescence phase contrast micro-
scope with a Cy-3 filter and then lysed and their luciferase activity was
measured. Almost all cells were transfected with the GL2-siRNA and the
siRNA reduced the luciferase activity by �60% (P � 0.001). B: Knockdown
of Met or HGF expression by RNAi. Transfections were performed in a
100-mm culture dish at 70% confluency by using lipofectamine reagent with
1 nmol of luciferase GL2-siRNA, Met-siRNA, or HGF-siRNA. Forty-eight hours
later, cells were lysed for Western analysis or transferred to three-dimen-
sional collagen gel cultures. After incubation for 4 days in the absence of
androgen, cells were counted. Results are expressed as ratio to the control
culture. Bars denote SD of triplicate samples. Met-siRNA but not HGF-siRNA
inhibited the phosphorylation and expression of Met protein to extremely
low levels and suppressed growth by 20% (P � 0.001).

Table 2. Effect of HGF-siRNA on HGF Release by CWR22R
Cells

CWR22R cells HGF (pg/104 cells)

GL2-siRNA 212 � 7
Met-siRNA 224 � 5
HGF-siRNA 123 � 4

Synthetic siRNA specific for HGF was transfected to CWR22R cells.
After a 48 hour culture, HGF release into culture medium was
measured. As compared to culture transfected with GL2-siRNA, HGF-
siRNA reduced HGF level by 40%. Met-siRNA was also tested to
demonstrate the specificity of HGF siRNA on HGF release.
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We have shown that HGF secreted by CWR22R cells is
biologically active. The growth of CWR22R, however, was
not inhibited by incubation with a large amount of anti-
HGF antibodies. In search of literature we found a similar
observation with interleukin-6 and colony-stimulating fac-
tor 1 as autocrine growth factors.41,42 In their studies,
antiserum or antibodies failed to block their autocrine
loop, whereas knockdown of mRNA expression by trans-
fecting anti-sense oligonucleotide or construct inhibited
hormonal actions.41,42 Our approach with RNAi technique
demonstrated that knockdown of Met expression signifi-
cantly suppressed cell growth. The results suggest that
HGF functions via an intracellular autocrine mechanism.

The data presented in this investigation provide a
strong support to the immunohistochemical observation
that the HGF/Met system operates in both androgen-
dependent and androgen-independent prostate cancer
cells, albeit by different mechanisms, paracrine in the
former and autocrine in the latter. It would be desirable to
confirm our in vitro observation with additional carcinoma
cell lines. To our knowledge, however, CWR22R is the
only cell line to express AR, Met, and HGF. Most other
prostatic carcinoma cell lines (such as PC-3 and DU145)
express Met only.

Immunohistochemical data also indicate that HGF ex-
pression in advanced-stage carcinoma (73%) is not as
frequent as Met protein expression (96%),32 suggesting
that some carcinomas may express Met only. Therefore
we should not dismiss the distinct possibility that the
HGF/Met operates by a paracrine manner; the ligand,
HGF, provided locally by the stromal cells at metastatic
site45 or by circulation.44 We suggest that in localized
cancer (mostly androgen-dependent) growth support is
at least dual, namely, androgen/AR and HGF/Met but that
androgen-independent cancer cells that have survived
hormone therapy use the autocrine and paracrine HGF/
Met loop.
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