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Abstract: The liver is the most lethal metastatic site in castration-resistant prostate cancer
(CRPC). Overexpression of MET protein has been reported in CRPC, and MET is an impor-
tant driver gene in androgen-independent CRPC cells. Mouse CRPC cell line CRTC2 was
established by subcutaneous injection of hormone-sensitive PC cells (TRAMP-C2) in cas-
trated nude mice. CRCT2/luc2 cells were injected into the spleen of castrated nude mice,
and liver metastasis was confirmed at 2 weeks post-injection. We administered MET in-
hibitor (MET-I) and HGF activator inhibitor (HGFA-I) to this liver metastasis model and
assessed the therapeutic effect. After intrasplenic injection, CRTC2 showed a higher inci-
dence of liver metastasis whereas no metastasis was observed in TRAMP-C2. Microarray
analysis revealed increased expression of HGF, MET, and HPN, HGFAC (encoding HGF
activating proteases) in liver metastasis. Proliferation of CRCT2 was significantly inhib-
ited by co-administration of MET-I and HGFA-I by in vitro analysis with HGF-enriched
condition. In an analysis of the mouse model, the combination-therapy group showed
the strongest reduction for liver metastasis. Immunohistochemical staining also revealed
the strongest decrease in phosphorylation of MET in the combination-therapy group.
Co-culture with HGF-expressed mouse fibroblasts showed attenuation of the inhibitory
effect of MET-I; however, additional HGFA-I overcame the resistance. We established an
androgen-independent CRPC cell line, CRTC2, and liver metastasis model in mice. Signifi-
cant effect was confirmed by combined treatment of MET-I and HGFA-I by in vitro and
in vivo analysis. The results suggested the importance of combined treatment with both
MET- and HGF-targeting agents in the treatment of HGF-enriched conditions including
liver metastasis.

Keywords: CRPC; liver metastasis; HGF; MET

1. Introduction

Prostate cancer (PC) is the most common cancer in males, accounting for 15% of
all male cancers [1]. Approximately 10% of PC patients have distant metastasis at the
initial diagnosis [2—4]. Common metastatic sites are bone and lymph nodes. Although
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visceral metastasis of PC has been reported as a poor prognostic factor for overall survival
(OS), metastasis is uncommon in hormone sensitive PC (HSPC) [2,5,6]. Visceral metastasis
may occur during or after treatment with androgen deprivation therapy (ADT), androgen
receptor signaling inhibitors (ARSi), and chemotherapy, and it commonly appears as cas-
tration resistant PC (CRPC) [2,5,6]. A meta-analysis of phase III trial patients with CRPC
receiving docetaxel revealed a rate of 20.8% visceral metastasis [2]. Among patients with
metastatic CRPC, liver metastasis was observed in 8.6%, and it had the worst median OS
at 13.5 months compared with bone (21.3 months) and lung metastasis (19.4 months) [5].
An analysis of biomarkers, including circulating DNA, in patients with CRPC demon-
strated that patients with a high concentration of serum carcinoembryonic antigen (CEA)
had higher rates of liver metastasis, and that patients showed a higher likelihood of
harboring copy number amplification in MET, a specific receptor of hepatocyte growth
factor (HGF) [7].

In the pericancerous microenvironment, HGF is mainly secreted from stromal
cells, including cancer-associated fibroblasts (CAF), as an inactive pro-form (pro-HGF)
and proteolytically activated by the specific serine proteases, including HGF activa-
tor (HGFA, serum activator), hepsin and matriptase (the latter two are transmembrane
proteases) [8-10]. HGF-induced activation of MET signaling axis has been reported to be
involved in the progression of various cancers by upregulation of proliferation, invasive
activity, motility, and anti-apoptotic activity [8-10]. Therefore, MET-targeting tyrosine
kinase inhibitors (MET-TKI) have been used in the treatment of various cancers, includ-
ing non-small cell lung cancer (NSCLC), metastatic medullary thyroid cancer, renal cell
carcinoma, and hepatocellular carcinoma, with acceptable therapeutic outcomes; multiple
advanced clinical trials are currently underway [11,12]. However, acquired resistance
remained a serious issue [11,13-15]. Of interest, the pharmacological effect of MET-TKI for
MET-amplified NSCLC and gastric cancer cells was predominantly reduced under HGF-
enriched conditions; however, additional inhibition of active HGF overcame resistance [15].
In the study, the authors reported transformation of the cancer cells to facilitate survival,
from HGF-independent to HGF-dependent type, under HGF-rich conditions. The result
suggested the significance of HGF activation-targeted therapy in overcoming the resistance
of the MET inhibitor.

HGEF is well known as a potent mitogen for hepatocytes and is enriched in hepatic
stellate cells (HSC) 16-18. In addition, the majority of HGFA and hepsin is produced in
the liver [8-10], suggesting that the liver provides a specific microenvironment for active
HGF-enriched conditions. Indeed, HGF can protect from liver injury, and the protective
role of HGF occurs in healthy livers as well as in the early stage of liver disease [16-18]. On
the other hand, the HGF/MET axis promotes the invasive growth of cancers; therefore,
evaluation of HGF/MET targeted therapy is performed for hepatocellular carcinoma and
cholangiocarcinoma (CCA) [17-19]. In the analysis of CCA and CAF, it has been reported
that the majority of CAF was derived from HSC, and inflammatory CAF (iCAF)-produced
HGF promoted the growth of intrahepatic CCA through activation of MET expressed in
the tumor [19]. Therefore, we hypothesized that the HGF/MET axis may be a key signaling
pathway in liver metastasis of MET-expressed CRPC cells, and that therapy targeting
the molecules may have potential therapeutic benefits. In addition, reduction in active
HGF may also be important in preventing and/or overcoming resistance to MET-TKI.
In this study, we attempted to inhibit the growth of CRPC cells in liver metastasis by
dual inhibition of MET phosphorylation and pro-HGF activation using a mouse model of
liver metastasis.
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2. Results
2.1. Establishment of Mouse CRPC Cell Line (CRTC2) and Mouse Liver Metastasis Model

TRAMP-C2 cells were injected into the subcutaneous tissue of a female nude mouse.
After 8 weeks, the tumor was transferred to a culture dish and cultured for five genera-
tions in the absence of androgen; and the mouse androgen independent CRPC cell line,
CRTC2, was established [20]. First, we confirmed the expression of AR between TRAMP-
C2 and CRTC2 cells by RT-qPCR and immunoblot analysis. As a result, expression of
AR was downregulated in CRTC2 compared with TRAMP-C2 in both mRNA and pro-
tein (Figure 1A,B, degree of AR mRNA expression was extremely low). Next, both cells
(2.0 x 10°/100 uL in PBS) were injected into a mouse spleen. After 2 and 4 weeks, mice
were scarified, and the formation of liver metastasis was confirmed (Figure 1C) [21]. Ap-
parent liver metastasis was confirmed in the CRTC2 group (6/6), whereas no metastasis
was observed in the TRAMP-C2 group (0/6, Figure 1C). No apparent additional metastasis
(in other organs, including bone) was observed in either group.
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Figure 1. Establishment of mouse CRPC cell line (CRTC2) and the liver metastasis model. TRAMP-C2
cells were injected into the subcutaneous tissue of a female nude mouse. The growing tumor was
transferred to a culture dish and cultured for five generations in the absence of androgen, then CRCT2
cells were established. (A) Expression of AR protein was determined for CRCT2 compared with
LNCaP and TRAMP-C2 (anti-AR antibody and anti-o-tubulin antibody can react to both human and
mouse protein). (B) Downregulation of AR in CRCT2 was also confirmed by real-time quantitative
PCR (* p < 0.01). (C) TRAMP-C2 and CRTC2 cells (2 x 10° cells/100 pL in PBS) were injected into the
mouse spleen. After 2 and 4 weeks, mice were scarified. Representative macroscopic appearance of
the liver is shown.

2.2. Comparison of mRNA Expression Between Non-Metastatic and Metastatic CRTC2

The mRNA expression of cancer-related molecules, including those within the
HGF/MET signaling pathway, were determined by microarray analysis, and compared
between non-metastatic CRTC2 and metastatic CRTC2 (liver metastasis: CRTC2-LV)
(Figure 2A). Of interest, significant upregulation of molecules related to the HGF/MET
pathway, including HGF, MET (fold change of 101.83, 23.31), HPN, and HGFAC (encod-
ing HGF activating proteases, hepsin, and HGF activator, fold change of 104.11, 19.3) in
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CRCT2-LV compared with non-metastatic CRCT2 (Figure 2A, right). Increased expression
of HGF, MET, HPN, and HGFA was also confirmed by real time RT-qPCR (Figure 2B).
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Figure 2. Comparison of mRNA expression between non-metastatic and metastatic CRTC2.
(A) Results of microarray analysis of CRTC2 and the liver metastasis are shown. Microarray analysis
was outsourced to Cosmo Bio Co., Ltd. (Tokyo, Japan). The company performed cDNA synthesis,
labeling, hybridization, washing, and scanning processes using Clariom S Array, mouse according to
their proprietary protocols and equipment. The raw data provided were normalized and analyzed
using Transcriptome Analysis Console Software. (B) Expression of HGF, MET, HPN and HGFAC was
also confirmed by real time RT-qPCR (* p < 0.05). The figure shows ratios to CRTC2.

2.3. Inhibition of MET and HGF-Activation in CRTC2 Cells, In Vitro Analysis

Based on these findings, we investigated the efficacy of targeting the HGF/MET path-
way for the treatment of CRTC2 liver metastases. We selected JNJ-38877605 (MET-I), a
highly selective MET tyrosine kinase inhibitor, and SRI31215TFA (HGFA-I), a synthetic in-
hibitor of pro-HGF activating proteases, and evaluated their efficacy in vitro in the presence
of pro-HGEF. As a result, the single use of MET-I slightly inhibited MET phosphorylation
without effect on pro-HGF activation. HGFA-I inhibited activation of pro-HGF and weakly
inhibited phosphorylation of MET. However, the strongest inhibition of MET phosphoryla-
tion was observed by combination of MET-1 and HGFA-I (Figure 3A). Next, the effect on
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cell proliferation was analyzed. CRTC2 cells showed a slight increase in proliferation in
the presence of pro-HGEF. Although an inhibitory effect was observed by the single use of
MET-], the strongest therapeutic effect was confirmed by combination (MET-I and HGFA-],
Figure 3B).
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Figure 3. Inhibition of MET and HGF-activation in CRTC2 cells, in vitro analysis. (A) CRTC2
cells were pre-cultured in FBS-free DMEM for 24 h. The cells were then treated with each agent
(final concentration of 250 nM for MET-I and 10 uM for HGFA-I) at 37 °C for 2 h, followed by the
addition of mouse recombinant pro-HGF (50 ng/mL). After incubation at 37 °C for 2 h, the proteins
were extracted. Phosphorylation of MET and expression of total-MET, HGF, and «-tubulin were
determined by immunoblot analysis. (B) CRTC2 cells were pre-cultured in FBS-free DMEM for 24 h.
The cells were seeded in a 96-well plate at a density of 1 x 10* cells/100 uL in FBS-free DMEM.
The cells were then treated with each agent (final concentration of 20 uM for MET-I and 20 uM for
HGFA-I) at 37 °C for 2 h, followed by the addition of 50 ng/mL mouse recombinant pro-HGF, and
incubated at 37 °C for 48 h. Cell proliferation was analyzed by detecting the absorbance at 490 nm
and calculated as a ratio to the absorbance at day 0 (before administration, ** p < 0.01).

2.4. Effect of Inhibition of MET and HGF-Activation in Liver Metastasis In Vivo

To evaluate the therapeutic effects of MET-I and HGFA-I on liver metastasis, we
analyzed the therapeutic effect of both agents on a mouse model with liver metastasis.
Luciferase-expressing CRTC2-mCherry-luc2 (CRTC2-luc2) cells were injected into the
spleen of castrated male nude mice. Bioimaging was used to confirm the formation of
liver metastases by injection of 100 uL of 100 mM D-luciferin. Mice with confirmed liver
metastases were divided into three groups: (1) control group (vehicle), (2) group with
single use of MET-], and (3) group with combination of MET-I and HGFA-I. As shown
in Figure 4A, both the single-use and combination-therapy groups showed inhibition of
liver metastasis progression compared to the vehicle group. Similar to the result of in vitro
analysis, the combination-therapy group showed the strongest reduction for liver metas-
tasis compared with the single-use group. Significance was determined by difference in
luminous intensity, number of metastases and liver/body weight ratio (LBR) (Figure 4B-D).
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The degree of luminous intensity differed in a time-dependent manner. Significant thera-
peutic effect was observed in both treatment groups (single and combined) compared with
control, and the strongest effect was confirmed statistically in the combination-therapy
group in all evaluations. The luminescence count of liver metastasis was reduced to
30.4% in the monotherapy (MET-I) group and 10.8% in the combination-therapy group
compared with control group (p = 0.011, 0.047, respectively). Pathological evaluation was
also performed. As shown in Figure 4E, large cancer nests composed of viable cancer
cells were observed in the control group (upper two horizonal line, inset: T). The border
between cancer nests and non-malignant liver tissue (inset: N) is also shown (black arrows).
Increased phosphorylation of MET was observed in cancer cells (inset: T), whereas MET
phosphorylation was downregulated in non-malignant liver tissue (inset: N). Smooth
muscle actin (SMA)-positive stromal cells were diffusely presented in the peri-cancerous
area; however, no apparent SMA-positive cells were observed in non-malignant liver tissue
except for vessel wall (inset: N). The number and size of cancer nests were apparently
reduced, and large central necrosis (*) was evident in the cancer nests of both treatment
groups (column of HE, middle, and lower lines). Immunohistochemical staining revealed
decreased phosphorylation of MET in treatment group compared with control (column
of p-MET, middle, and lower lines). Phosphorylation of MET remained, but weakly in
the single-use therapy group; however, almost complete inhibition was observed in the
combination-therapy group (inset: T). SMA-positive stromal cells also remained around
surviving viable cancer cells in both treatment groups (inset: T). SMA has been reported to
be a marker of CAF [22]. Considered with the appearance of MET phosphorylation, it is
suggested that providing HGF forms CAF and the activating system remains active in the
group with the single-use MET-I; however, the system is almost completely downregulated
in the group with MET-I-HGFA-I combined-therapy group.
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Figure 4. The effect of inhibition of MET and HGF-activation in liver metastasis, in vivo analysis.
(A) A suspension of 2 x 10 CRTC2-luc2 cells /100 uL in PBS was injected into the spleen of orchiec-
tomized male nude mice. Bioimaging was used to confirm the formation of liver metastases by
an injection of 100 uL of 100 mM D-luciferin. Mice with confirmed liver metastases were divided
into three groups: (1) control group (vehicle), (2) a group with single use of MET-I (30 mg/kg, oral
administration, every other day), and (3) a group with a combination of MET-I and HGFA-I (5 mg/kg,
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intravenous injection, every other day). The figure presents representative images of liver metastasis
progression captured by the bioimaging device during the treatment period. (B) Luminescence
counts were detected as the average value within the range encompassing the liver, and the temporal
changes in each group are shown relative to the value on the day treatment started. Values are
presented as mean + SE (N = 4, each group). The significance was also determined by the number
of metastases (C) and liver/body weight ratio (LBR, D). * p < 0.05, ** p < 0.01. (E) Representative
histological findings are shown. Th upper two horizonal lines are control, the middle line shows
single-use therapy (MET-I), and the lower line is combination-therapy (MET-I and HGFA-I). Vertical
columns are, from left to right, loupe image, hematoxylin-eosin (HE) staining, immunohistochemical
staining of phosphorylation of MET (p-MET) and that of smooth muscle actin (SMA). The border
between cancer nests and non-malignant liver tissue (inset: N) is also shown (black arrows). Scale
bar = 500 um, 50 pm (inset). T: tumor, N: non-malignant live tissue, * necrotic area.

2.5. Inhibition of Fibroblast-Derived HGF: Analysis by Co-Culture with Mouse Fibroblast
Cell, NIH3T3

Next, we determined the effect of stromal cells on the growth of CRTC2 cells by
co-culture with mouse fibroblast cell line NIH3T3, which expressed HGF. For accurate
evaluation of cell proliferation in co-culture, we used luciferase-expressing CRTC2 (CRTC2-
luc2) cells, and proliferation was analyzed by degree of luminescence. Initially, vali-
dation between cell number and degree of luminescence was determined (confirmed
R? values > 0.990, Figure 5A). Next, the proliferation of CRCT2-luc2 cells with or without
NIHS3TS3 cells was analyzed by degree of luminescence. As a result, proliferation of CRTC2-
luc? cells was significantly upregulated in the co-cultured group, and tended to depend on
the amount of NIH3T3 cells (Figure 5B). The effect of interaction between CRCT2-luc2 cells
and NIH3T3, including secretion of growth factors, was suggested. Then, the therapeutic
effect of MET-I in co-culture with different degrees of NIH3T3 was analyzed. Of interest,
the effect was apparently reduced in the NIH3T3-enriched condition (ratio of initial cell
numbers of CRCT2-luc2 and NIH3T3 is 1:2) compared with cultures without NIH3T3 or
with the same number of NIH3T3 (Figure 5C). After preparation of HGF-knock down
NIH3TS3 cells (HGFKD#1, #2, Figure 5D), the effect of additional HGA-I was evaluated. No
significant difference was apparent by the single use of MET-I under condition with NIH3T3
(ratio of CRTC2-luc2:NIH3T3 is 1:2); however, significant therapeutic effect was observed
by MET-I in combination with HGFA-I (Figure 5E). In addition, similar therapeutic effect
was also confirmed by the knock down of HGF in NIH3T3, suggesting the significance of
the inhibition of fibroblast-induced HGF activation in proliferation of CRCT2-luc2 cell.
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Figure 5. Inhibition of fibroblast-derived HGF: analysis by co-culture with mouse fibroblast cell,
NIH3T3. (A) Reference for measurement. Luminescence was measured at 30 s after administration of
D-luciferin, and the proliferation of CRCT2-luc2 was measured as the average intensity. Validation
between counted cell numbers and degree of luminescence was determined (R? values > 0.990).
(B) Proliferation of CRCT?2 cells with or without NIH3T3 cells (mouse fibroblast) by degree of
luminescence. Ratios of initial cell numbers of CRCT2 and NIH3T3 are shown as 1:0, 1:1, 1:2.
*p <0.05 * p <0.01. (C) Therapeutic effect of MET-I with various concentration in co-culture
with different degree of NIH3T3. The effect was determined by luminescence. Luminal intensity
of treatment group was compared with the non-treatment group. Ratios of initial cell numbers
of CRCT2 and NIH3T3 are shown as 1:0, 1:1, 1:2. * p < 0.05, ** p < 0.01. (D) Quantification of
HGF mRNA level in NIH3T3. The result of real time quantitative PCR in each cell line is shown.
**p < 0.01. KD: knock down (E) Inhibition of CRCT2 cell proliferation by MET-I and HGFA-I. CRCT2
cells are cultured with NTH3T3, NIH3T3 HGFKD#1, NIH3T3 HGFKD#2 or NIH3T3 mock (ratio of
initial cell numbers of CRCT2 and NIH3T3 is 1:2). CRTC2 cells were pre-cultured in FBS-free DMEM
for 24 h. The cells were seeded in a 96-well plate at a density of 2 x 10% cells/100 pL in FBS-free
DMEM. The cells were then treated with each agent (final concentration of 2.5 uM for MET-I and
40 uM for HGFA-I) at 37 °C for 2 h, and incubated at 37 °C for 96 h. Cell proliferation was analyzed by
detecting the absorbance at 490 nm and calculated as a ratio to the absorbance at day 0. Therapeutic
effect was determined by the luminescence and statistically compared with control (co-culture with
NIH3T3 without treatment). * p < 0.05, ** p < 0.01.

3. Discussion

Because liver metastasis has been reported to correlate with the worst OS in patients
with CRPC, analysis to identify effective agents is necessary [5]. In PC, overexpression
of MET has been reported in the metastatic site compared with the primary lesion, and
expression is positively correlated with the progression of PC [23-25]. In addition, MET is
highly expressed in androgen-independent CRPC cell lines, whereas it is downregulated
in androgen-dependent PC cell lines [8,26]. Of interest, the degree of MET expression in
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the HSPC cell line is reported to continue increasing during the process to becoming an
androgen-independent phenotype [26]. Therefore, MET is a key molecule in the progression
of CRPC and may be a candidate for a target molecule in the treatment of androgen-
independent CRPC. Indeed, a phase III study of atezolizumab plus cabozantinib, a potent
multi-TKI including MET, for metastatic CRPC is currently underway [27]. Furthermore,
serum concentration of HGFA and active HGF are also elevated in patients with CRPC
compared with other stages [28,29].

Analysis of liver metastasis and HGF/MET signaling have been reported in gastroin-
testinal cancers. Overexpression of MET was observed in liver metastases of colorectal
cancer and gastric cancer [30-32]. Expression of HGF was also evaluated in a study of gas-
tric cancer [33]. HGF has been reported to be highly expressed in pericancerous tissues and
the liver; however, not in metastatic cancer cells [33]. Since increased expression of MET
and phosphorylation in cancer cells was confirmed, the data suggested that the metastatic
cancer cells mainly bind with HGF, which is released into the pericancerous liver microen-
vironment in a paracrine manner [33]. In addition, the upregulation of liver HGF promoted
metastasis to liver, the growth of metastases, increasing in size and weight of metastatic
focus with increased phosphorylation of MET, whereas the downregulation of liver HGF
suppressed liver metastasis [33]. As treatments, it has been reported that the downregula-
tion of HGF/MET signaling by siRNA of MET or the expression of HGF-antagonist has
achieved the suppression of liver metastasis in colorectal cancer [30,34].

In the current study, we initially established an androgen-independent mouse CRPC
cell line, CRTC2, from the TRAMP-C2 cell line [20]. CRCT2 was used for the mouse
model of liver metastasis by hemi-spleen injection, and apparent liver metastases were
successfully formed and grew in a time-dependent manner, but no metastasis was observed
in TRAMP-C2. Of interest, increased expression of HGF, MET, and two pro-HGF activating
proteases (HGFA and hepsin) were observed in liver metastasis, which suggested that
HGF/MET signaling may be a key system in liver metastasis of androgen-independent
CRPC cells.

As specific agents, JNJ38877605 as MET-I and SRI31215 as HGFA-I were used for the
inhibition of HGF/MET signaling. SRI31215 is a small molecule triplex inhibitor of HGFA,
hepsin, and matriptase [35]. Combined therapy with both agents has been reported for
MET-amplified NSCLC cells, and this therapy overcame resistance to MET inhibitors [35].
Our in vitro analysis revealed that HGFA-I clearly inhibited activation of pro-HGF and re-
duced phosphorylation of MET. In addition, combination with MET-I significantly reduced
the growth of CRTC2 cells through the strongest inhibition of MET phosphorylation. In
liver metastases, combined therapy with both MET-I and HGFA-I also showed the strongest
and most significant inhibition of growth of liver metastases compared with control and
single use of MET-I. Histological appearance also showed increased necrotic area and down-
regulation of MET phosphorylation in treatment groups. Weak phosphorylation of MET
continued in single-use treatment; however, phosphorylation was completely downregu-
lated by combined therapy. In the peripheral area of cancer nests in treatment groups, SMA
positive stromal cells suggesting CAF presented around the viable cancer cells. Therefore,
it is suggested that additional inhibition of pro-HGF activation is important for complete
inhibition of MET because CAF-induced paracrine secretion of HGF may still be active.
Basilico reported a significant effect with combined MET and HGF targeting therapy using
a specific anti-MET antibody, which induced MET shedding (MET inhibition) with a decoy
soluble extracellular domain of MET protein capable of binding HGF (HGF inhibition) [36].
Following analysis by orthotopic transplantation of human pancreatic carcinoma in mice
engineered to express human HGF revealed significant reduction in metastatic spread,
which also suggested the importance of combined therapy in HGF-rich condition. In addi-
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tion, co-culture analysis with mouse fibroblast (NIH3T3), which expressed HGEF, revealed
that the effect of MET-1 was reduced by co-culture with increased NIH3T3. However, the
co-administration of HGFA-I (combined therapy) showed a significant reduction in cell
growth, which suggested that blocking the HGF-paracrine loop between fibroblast and
CRTC2-luc2 cells overcame resistance to MET-TKI.

4. Materials and Methods
4.1. Cell Culture and Reagents

Human prostate cancer LNCaP cells and mouse prostate cancer Tramp-C2 cells were
purchased from the American Type Culture Collection (Manassas, VA, USA) and were
maintained in RPMI-1640 media or Dulbecco’s Modified Eagle’s Medium (DMEM) con-
taining 10% fetal bovine serum, 100 U/mL penicillin, and 100 ng/mL streptomycin (Gibco
BRL, Grand Island, NY, USA) at 37 °C in a 5% CO,-humidified incubator. Cell numbers
were counted using a Countess II (Invitrogen, Carlsbad, CA, USA).

4.2. Establishment of Mouse CRPC Cell Line (CRTC2)

According to the methodology in a previous report by Jeet et al. [20], we injected the
Tramp-C2 cell line subcutaneously into 6-week-old female nude mice (Kyudo, Saga, Japan),
and established the engrafted tumor as a CRPC cell line, CRTC2.

4.3. Real-Time Quantitative PCR (RT-qPCR)

Tissues were homogenized by a uT-1 (TAITEC, Nagoya, Japan) before extracting RNA.
Total RNA of cells and tissue was extracted using PureLink RNA Mini Kit (Thermo Fisher
Scientific, Waltham, MA, USA). cDNA was synthesized from total RNA using PrimeScript
Reverse Transcriptase (Takara, Shiga, Japan) and random primers. Real-time RT-PCR
analyses were performed with Thermal Cycler Dice Real-Time System II (Takara). Reaction
mixture (25 pL) containing 2 uL cDNA template, 1 puL each of sense and anti-sense primers,
and 1x SYBR Premix Ex Taq II (Takara) were amplified as follows: held at 95 °C for 30 s,
then 40 cycles at 95 °C for 5 s, 60 °C for 3 s, followed by a final dissociation stage (95 °C
for 15s, 60 °C for 30 s, and 95 °C for 15 s). Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was used as an internal control. The results were evaluated using Thermal
Cycler Dice Real Time System software program, version 5.11 (Takara Bio, Shiga, Japan),
and the AACt algorithm was used to analyze relative changes in gene expression. The
primers were as follows: mouse GAPDH forward, 5'-CATCACTGCCACCCAGAAGACTG-
3’ and reverse, 5-ATGCCAGTGAGCTTCCCGTTCAG-3/; mouse HGF forward, 5'-
GTCCTGAAGGCTCAGACTTGGT-3' and reverse, 5-CCAGCCGTAAATACTGCAAGTGG-
3’; mouse MET forward, 5'-GTTCTGCTTGGCAACGAGAGCT-3' and reverse, 5'-GGAGA-
ATGCACTGTATTGCGTCG-3’; mouse AR forward, 5-CCTTGGATGGAGAACTACTCCG-
3" and reverse, 5'-TCCGTAGTGACAGCCAGAAGCT-3’; mouse Hepsin forward, 5'-
ATACATCCAGCCAGTGTGTCTCC-3' and reverse, 5-CTCTTGGAGCACCATAGCCTGT-
3’ mouse HGFA forward, 5-TTCTGACCTGCTCTACCAGGAG-3' and reverse, 5'-
CGTTGTCCTTCACCACATAGCAC-3’; mouse; All experiments were performed in tripli-
cate. Results of the PCR were presented with reference to the literature [37].

4.4. Microarray Analysis of Expression Molecules in CRTC2 and the Liver Metastasis

Total RNA was extracted from the sample using RNeasy Mini Kit (Qiagen, Hilden,
Germany) according to the manufacturer’s instructions. The quality and quantity of
the RNA were assessed using NanoDrop spectrophotometer (Thermo Fisher Scientific).
Microarray analysis was outsourced to Cosmo Bio Co., Ltd. (Tokyo, Japan). The company
performed cDNA synthesis, labeling, hybridization, washing, and scanning processes using
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Clariom S Array, mouse (Thermo Fisher Scientific) according to their proprietary protocols
and equipment. The raw data provided by Cosmo Bio were normalized and analyzed
using Transcriptome Analysis Console Software, Version 4.0.3 (Thermo Fisher Scientific).
Genes with a fold-change of 2.0 or more were noted as differentially expressed.

4.5. Antibodies and Reagents

Anti-phospho-MET (#3077), and a-tubulin (#2125) antibodies were obtained from Cell
Signaling Technology (Danvers, MA, USA). Anti-androgen receptor antibody was purchased
from Merck (#06-680) (Rahway, NJ, USA), and anti-total MET antibody was obtained from
Invitrogen (#PA5-85951) (Waltham, MA, USA). Anti-mouse HGF antibody was obtained from
R&D Systems (Minneapolis, MN, USA) (#AF-2207). Recombinant mouse HGF propeptide
protein (#7058-HG) and mouse HGF protein (#2207-HG) were purchased from Ré&D Sys-
tems. JNJ-38877605 (MET-], tyrosine kinase inhibitor of MET) was obtained from Selleck
Chemicals (#51114) (Houston, TX, USA), and SRI31215 (HGF activator inhibitor: HGFA-I)
was from MedChemExpress (Monmouth Junction, NJ, USA, #HY-114363A). Details of
SRI31215, the hydrogen chloride salt of 3-(3-((1-benzylpiperidin-4-yl)methyl)-5-methyl-2-
oxotetrahydropyrimidin-1(2H)-yl)benzimidamide, were described previously [38].

4.6. Protein Extraction and Immunoblot Analysis

Cells were washed twice with ice-cold PBS followed by incubation with the RIPA lysis
buffer (Thermo Fisher Scientific) at 4 °C. The extracted protein was collected by centrifuga-
tion at 13,000 rpm for 15 min at 4 °C. Protein concentrations were determined by using the
bicinchoninic acid method (Takara, Shiga, Japan). The reaction samples were mixed with
sodium dodecyl sulfate—polyacrylamide gel electrophoresis (SDS-PAGE) sample buffer
and heated for 15 min at 75 °C. SDS-PAGE was performed under reducing conditions
using 4-12% gradient gels. After electrophoresis, the sample proteins were transferred elec-
trophoretically to Immobilon membranes (Millipore; Billerica, MA, USA). After blocking
the nonspecific binding site with PDVF Blocking Reagent (TOYOBO, Tokyo, Japan), the
membranes were incubated with primary antibody in buffer containing 1% bovine serum
albumin (BSA) at 4 °C overnight followed by four washes with the buffer and incubation
with peroxidase-conjugated secondary antibody diluted in the buffer with 1% BSA for
1 h at room temperature. The labeled proteins were visualized with chemiluminescence
reagent (PerkinElmer Life Sciences, Boston, MA, USA)

4.7. Proliferation Assay of Dual Inhibition of MET and HGF-Activation for CRTC2 Cells

In a 96-well plate, 1 x 10* cells were seeded in 100 uL of medium and incubated for a
specified period. Following this, 20 uL of CellTiter 96 Aqueous One Solution (Promega,
Madison, WI, USA) was added to each well. The plate was then incubated for an additional
2 h at 37 °C, after which the absorbance of each well was measured at 490 nm. At24 h
post-seeding, the medium was replaced with FBS-free medium. The cells were then treated
under conditions with or without MET-I and HGFA-I. Subsequently, pro-HGF was added
at a concentration of 50 ng/mL. After a further incubation of 48 h, cell viability was
assessed using 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-
2H-tetrazolium (MTS) assay. All experiments were performed in triplicate.

4.8. Transfection

Preparation of CRTC2-mCherry-luc2 (CRTC2-luc2) cells was performed. For stable
gene transduction, we prepared lentivirus particles. To construct the CSII-CMV-MCS
backbone plasmid (#RDB04377, RIKEN BRC, Saitama, Japan) for producing lentiviral
particles carrying mCherry-luc2 reporter gene, we amplified mCherry-luc2 cDNA and
inserted it into the Notl site of the CSII-CMV-MCS vector by using In-Fusion HD Cloning
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Kit (Takara Bio, Shiga, Japan). The CSII-CMV-mCherry-luc2 plasmid were co-transfected
with the packaging plasmid psPAX2 (#12260, addgene, Watertown, MA, USA), the VSV-G-,
and Rev-expressing plasmids (pCMV-VSV-G-RSV-Rev) (#RDB04393, RIKEN BRC) into
Hek293T cells (CloneTech) by PEI MAX (Polysciences, Warrington, PA, USA). CRTC2 cells
were cultured for 48 h in the medium with the lentivirus particles and 10 pug/uL polybrene
(Sigma-Aldrich, St. Louis, MO, USA). The successfully transduced cells were isolated based
on mCherry fluorescence and subsequently expanded. NIH3T3 cells were transfected with
siRNA oligonucleotides targeting HGF (Thermo Fisher Scientific, Assay ID: s67510 and
s67511) using Lipofectamine RNAiMAX (Thermo Fisher Scientific), and then HGF-knock
down NIH3T3 cells, HGFKD#1 and #2 were prepared.

4.9. Co-Culture

CRTC2/1uc2 cells (2.0 x 10*) were co-cultured with NIH3T3 in 100 uL of FBS-free
medium. After 96 h, the medium was replaced with 50 pL of PBS, and 100 pL of D-luciferin
(I mM) was added. Luminescence was then measured at 30 s and the proliferation of
CRCT2/luc2 was measured for average intensity. Validation between cell number and
degree of luminescence was determined prior to proliferation assay.

4.10. Animal Experiments

All experiments involving laboratory animals were performed in accordance with
the Guidelines for Experiments of Miyazaki University (Permit Number: 2023-522). Six-
week-old male nude mice were purchased from Kyudo. Prior to the experiments, all mice
underwent orchiectomy. According to the procedure by Simons BW [21], we established
the mouse liver metastasis model by injecting the cell lines into spleen. Tramp-C2 or
CRTC2 cells were cultured and then detached by trypsin EDTA at 80-90% confluence
before resuspension in PBS to a final concentration of 2 x 10° cells/100 uL. Mice were
anesthetized with isoflurane inhalation, and Tramp-C2 or CRTC2 cells were injected into
the spleen, followed by splenectomy.

For evaluation of the therapeutic effects of JNJ and SRI on liver metastasis, luciferase-
expressing CRTC2-luc2 cells were injected into the spleen of castrated male nude mice.

The control group was given only vehicle, and the treatment groups received JNJ
(30 mg/kg, oral administration, every other day) or JNJ with SRI (5 mg/kg, intravenous
injection, every other day). For the bioimaging measurements, 100 mM of D-luciferin
was injected intraperitoneally at a volume of 100 pL, the size range of the mouse liver
was determined, and the luminescence count within this range was measured. Image
acquisition was accomplished by using a Lumazone system equipped with an iKon L
camera (Andor Technology Ltd., Belfast, UK) and a lens (YMV2595N, ¢50 mm, f: 0.95,
Yakumo Optical Corp., Tokyo, Japan) under the control of Andor Solis (Andor Technology
Ltd., Belfast, UK). The following conditions were used for image lacquisition: exposure
time = 1 or 5 s, binning = 4, readout rate = 50 kHz. The bioluminescence images were
analyzed by MetaMorph (Molecular Devices LLC., Sunnyvale, CA, USA) and quantified
photon counts per 1 or 5 s to draw the graphs. This luminescence count was measured
30-60 times, and the highest luminescence count was used as the average intensity. The
temporal evaluation of the average intensity was calculated as a ratio to the value on the
first day of drug administration.
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4.11. Immunohistochemistry

Formalin-fixed paraffin-embedded sections were prepared according to the routine
method. For immunohistochemistry, sections were processed for antigen retrieval (mi-
crowave in 10 mM citrate buffer, pH 6.0 for 10 min), followed by treatment with 3% H,O,
in methanol for 10 min and washed in tris-buffered saline (TBS) twice. After blocking
in 3% bovine serum albumin and 5% goat serum in phosphatebuffered saline for 2 h at
room temperature, the sections were incubated with primary antibodies overnight at 4 °C.
Negative controls did not include the primary antibody. Sections were then washed in TBS
and incubated with Envison labeled polymer reagent (DAKO, Santa Clara, CA, USA) for
30 min at room temperature. Sections were exposed to nickel, cobalt-3,3-diaminobenzidine
(Immunopure Metal Enhanced DAB Substrate Kit; Piece, Rockford, IL, USA), and they
were counterstained with hematoxylin.

4.12. Statistical Analysis

Differences between groups were compared using paired ¢-tests. Statistical tests were
two-sided, and p values < 0.05 were considered statistically significant.

5. Conclusions

In the current study, we established androgen-independent CRPC cell line, CRTC2 and
liver metastasis models in mice. We evaluated the therapeutic effect of HGF/MET-targeted
agents. A significant effect was confirmed by combined treatment of MET inhibitor (MET-I)
and inhibitor of HGF activation (HGFA-I) by in vitro and in vivo analysis. The possible role
of CAF produced HGF paracrine system remained active by single-use treatment of MET-I
suggesting the importance of combined treatment with both MET and HGF-targeting agent
in the treatment of HGF enriched conditions, including liver metastasis.
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Abbreviations

The following abbreviations are used in this manuscript:

CRPC Castration-resistant prostate cancer

HGF Hepatocyte growth factor

HGFAC  Hepatocyte growth factor activator coding gene
HPN Hepsin coding gene

MET HGF receptor

CAF Cancer associated fibroblast

TKI Tyrosine kinase inhibitor

NSCLC  Non-small cell lung cancer

CCA Cholangiocarcinoma

SMA Smooth muscle actin
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