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A B S T R A C T

Aims: Prostate cancer (PCa) incidence rates are rising in China currently. Cancer-associated fibroblasts (CAFs),
as a major component of tumor microenvironment, are crucial for tumor progression. This study was aimed to
explore the promotion effect of patient-derived CAFs on the proliferation and migration of prostate cancer cells.
Main methods: CAFs were isolated from tumor tissues of PCa patients. The promotion effect of CAFs on the
proliferation and migration of PC-3 and LNCaP cells were evaluated in vitro and in vivo. The concentration of
TGF-β1 was measured by Luminex assay. The blocking activity of LY2109761 on the promotion effect of CAFs
was also evaluated.
Key findings: CAFs could significantly promote the proliferation and migration of PC-3 and LNCaP cells both in
vitro and in vivo. TGF-β1 was identified as a highly increased factor in CAFs-CM compared with the normal
culture medium of these two cancer cell lines. TGF-β receptor inhibitor LY2109761 could suppress the CAFs-
induced cellular proliferation and migration of PC-3 cells but not LNCaP cells.
Significance: Our study suggested a crucial role for CAFs and TGF-β signaling in the progression of PCa. Zebrafish
xenograft model was an ideal animal model for the study of CAFs and cancer cell interaction.

1. Introduction

Prostate cancer (PCa) is now becoming an emerging health priority
in East Asia. Although much lower than in Western countries, the in-
cidence of PCa has risen rapidly in China over the past few decades [1].
According to the Cancer Statistics in China 2015, PCa ranks as the 6th
most prevalent cancer and the 9th leading cause of cancer-related
mortality for males [2]. Androgen deprivation therapy (ADT, surgical
or medical castration) is the standard treatment for metastatic PCa, but
patients invariably relapse and become castration-resistant PCa (CRPC)
despite castrate androgen levels [3].

Current therapies focus predominantly on targeting the prolifera-
tion of the rapidly growing epithelial cancer cells. Recently, tumor
microenvironment in facilitating tumor progression is getting more and
more attention [4,5]. As a major component of tumor stroma, cancer-
associated fibroblasts (CAFs) actively communicate with cancer cells
and contribute to tumor proliferation, invasion and metastasis through
paracrine factors in different types of cancers such as lung carcinoma

[6], breast cancer [7] and colorectal cancer [8]. Emerging evidence has
highlighted the role of CAFs in promoting carcinogenesis and cancer
progression in different cancer cell types, including prostate cancer [9].
The mechanisms of how the interactions between CAFs and PCa cells
facilitate the growth and metastasis of PCa remain to be a hot topic in
PCa research. For example, Cirri group reported that CAFs exerted a
mandatory role in PCa progression as they metabolically sustain cancer
cell survival and growth, recruit inflammatory and immune cells, and
promote cancer cells stemness and epithelial mesenchymal transition,
thereby favoring metastatic dissemination of aggressive cancers [10].
Other group summarized that CAFs enhanced the formation of structure
by PCa stem cells and involved in the PCa angiogenesis and chemo-
resistance [11].

Transforming growth factor-β (TGF-β) produced by CAFs was re-
ported to promote the accumulation of fibrotic desmoplastic tissue and
the rate of cancer progression [12–14]. Overexpression of TGF-β is
reported to be correlated with a poor prognosis for PCa [15], suggesting
that TGF-β signaling might have an important role in the progression of
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PCa cells. There are three TGF-β isoforms, TGF-β1, 2 and 3. Of these,
TGF-β1 is the most abundant in humans [16]. In CAFs, TGF-β1 stimu-
lates growth, migration, differentiation and epithelial-mesenchymal
transition of cancer cells [7].

In vitro co-culture of cancer cell and the micro-environment, for
example CAFs and tumor-associated macrophages (TAMs), were widely
used in the studies of the interaction between cancer cell and their
stromal cell [17,18]. However, in vivo model has the advantage of re-
capitulating cell-cell interaction more closely to the human body. The
teleost zebrafish (Danio rerio) is a powerful and genetically tractable
model to study human malignancies. Zebrafish xenografts offer fast,
single cell resolution, living imaging and the ability to perform large
numbers of transplants [19–21]. In recent years, zebrafish model for
study cancer progression and cancer microenvironment have become
increasingly valuable [19,22–26].

In this study, we showed the evidence that CAFs can promote the
proliferation and migration of PCa cells through TGF-β pathway, which
could be blocked by the TGF-β receptor inhibitor. Our results suggested
that targeting the interaction between PCa cells and CAFs might con-
stitute a novel therapeutic approach for PCa treatment.

2. Material and methods

2.1. Reagents

LY2109761 (L126135, purity> 99%) were purchased from Aladdin
(Shanghai, China) and were dissolved in 100% DMSO (Sigma Aldrich,
St. Louris, MO, USA) to build a stock concentration of 1mM. Fetal
bovine serum (FBS), phosphate buffer saline (PBS), Roswell Park
Memorial Institute basal medium 1640 (RPMI 1640), F12 basal
medium, penicillin and streptomycin were purchased from Basal Media
Technologies (Shanghai, China).

2.2. Zebrafish care and handing

All zebrafish experiments were approved by the Nanjing Tech
University Experimental Animal Ethical Committee. Zebrafish embryos
of the transgenic strain expressing enhanced GFP (EGFP) under the fli1
promoter (Fli1:EGFP) were obtained from Model Animal Research
Center of Nanjing University and raised at 28.5 °C under standard ex-
perimental conditions [27]. The light-dark cycle was 14:10 h. The col-
lection and incubation of embryos were consistent with those pre-
viously reported [28]. The age of the embryos is indicated as hours post
fertilization (hpf).

2.3. Cell lines culture

PCa cell lines PC-3 and LNCaP were purchased from Shanghai
Institutes for Biological Sciences, Chinese Academy of Sciences. PC-3
cell line is androgen insensitive and the LNCaP cell line is androgen
sensitive. PC-3 cells were cultured in F12 supplemented with 10% fetal
bovine serum and 1% penicillin-streptomycin. LNCaP cells were cul-
tured in RPMI 1640 supplemented with 20% fetal bovine serum and 1%
penicillin-streptomycin.

2.4. CAFs separation and culture

PCa tissues were collected from 3 patients in Sep. 2017, who re-
ceived no chemotherapy or radiotherapy, at the Nanjing Hospital
Affiliated to Nanjing Medical University, Nanjing, China. The study was
approved by the Ethics Committee of Nanjing Hospital Affiliated to
Nanjing Medical University, and all patients provided written informed
consent prior to this study. All the tissue samples were confirmed by
two clinical pathologists. CAFs were isolated from freshly resected PCa
tissues or biopsy specimen from afore mentioned PCa patients. The PCa
samples were washed with sterile phosphate-buffered saline (PBS) two

times and transferred directly into the pre-chilled tissue storage solu-
tion (Miltenyi, Bergisch Gladbach, Germany) after resected. Within 24 h
from resection, tumor tissues were mechanically minced into small
pieces (1–2mm3) and seeded onto 10 cm petri dishes in RPMI 1640
with 10% FBS, 100 Uml−1, penicillin and 100 μgml−1streptomycin.
The tissue appeared to attach flasks within 8 h. Specimens were in-
spected daily for the emergence of fibroblasts and the medium was
exchanged after 24 h for first time and every third day thereafter.
Fibroblasts were allowed to grow out of tumor fragments for 2–3weeks.
Tissue samples were then removed from the cultures and fibroblasts
were transferred to larger tissue culture vessels once they had reached
70% confluence. CAF cells used in all our experiments ranged from
passage 2–6 to maintain the closest phenotype of the primary tissues.

2.5. Immunocytochemistry

For immunocytochemistry, the fourth passage CAFs were seeded
into a 6-well plate and cultured in RPMI 1640 medium with 10% FBS
until 80% confluence. Cells were fixed in 4% ice-cold paraformalde-
hyde plus 0.1% Triton X-100 for 20min, followed by blocking with 2%
bovine serum albumin in PBS for 1 h. Cells were incubated with anti-α-
SMA (1:200, Abcam, Cambridge, UK) or anti-vimentin (1:200, Abcam,
Cambridge, UK) and then treated with secondary antibodies goat anti-
rabbit antibody (1:200, Boster Biological Technology, Wuhan, China),
respectively. Images were taken using an OLYMPUS IX71 microscope
(OLYMPUS, Tokyo, Japan, magnification ×40 and ×100).

2.6. Fibroblast conditioned medium acquisition

After two passages, cells in confluence were harvested and washed
twice with PBS and cultured in RPMI-1640 free from FBS. After 48 h of
incubation, the conditioned medium of CAFs (CAFs-CM) from the three
plates were collected and mixed in one vial. CAFs-CM was centrifuged
for 5min at 2000 rpm, filtered through 70-μmunits. Then the super-
natant was filtered with YM3 membrane. Bradford standard method
was used to determine the concentration of concentrated CAFs-CM, and
0.75 g l−1 of CAF-CM was prepared.

2.7. In vitro cell proliferation

LNCaP (3× 103 per well) and PC-3 (3×103 per well) were seeded
in 96-well plate in the appropriate growth medium (GM) for 12 h for
attachment. Then cells were treated with GM or growth medium con-
taining CAFs-CM (1:1) with/without 10 μM LY2109761. These culture
mediums were replaced on the second, fourth day. Then a group of cells
were collected on the second, fourth, sixth day for cell counting. Cells
receiving 0.1% DMSO only served as a control. Each treatment was
performed in triplicate and each assay was repeated at least three times.

2.8. In vitro wound healing assay

PC-3 and LNCaP cells in GM were seeded into 24-well plates pre-
coated with 0.1% gelatin (Sigma-Aldrich, St. Louis, USA), and grown
overnight to confluence. The monolayer cells were wounded by
scratching with 10 μl pipette tips and washed with PBS to remove the
non-adherent cells. GM or growth medium containing CAFs-CM (1:1)
with/without 10 μM LY2109761 was then added into the wells. After
24 h incubation, cells were washed by PBS and fixed with methanol for
10min and then stained with 0.1% crystal violet solution (Sigma, St.
Louris, MO, USA) for 10min. Then the crystal violet solution was wa-
shed by ddH2O. Images were taken at 0 h and 24 h independently
through an inverted microscope (IX71, OLYMPUS, Tokyo, Japan). The
migrated cells were counted manually. The values were observed from
four randomly selected fields.
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2.9. In vitro migration assay

AP48 device (designed based on Boyden chamber principle) was
used for this assay. It has a total of 48 holes, divided into 12 columns,
each column has 4 holes, 27 μl medium (GM/CAF-CM/CAF-CM-LY) was
added in each of bottom holes, then covered with microporous mem-
brane coated with 0.1% Gelatin. 50 μl 2× 105 per ml cell suspension
was added in upper holes. After incubation for 6 h, the non-migrated
cells from the upper face of the membrane were removed by PBS-
soaked cotton swab. The migrated cell on the bottom face of the
membrane were fixed with methanol and stained with 0.1% crystal
violet staining solution. The migrated cells were counted manually.
Four random areas per hole were selected for quantitative analysis.

2.10. TGF-β level determination by Luminex Assay

The Luminex kit (TGFBMAG-64k-01) was obtained from Millipore
(Billerica, MA) and assay was performed according to the manufac-
turer's instructions. Properly diluted medium samples were incubated
with the antibody-coupled microspheres and then with biotinylated
detection antibody before the addition of streptavidin-phycoerythrin.
The captured bead complexes were measured with FLEXMAP 3D system
(Luminex Corporation, Austin, TX) using the following instrument
settings (events/bead, 18; Sample size, 50 μl; discriminator gate,
8000–15,000). The raw data (mean fluorescence intensity) were col-
lected and further processed for calculating protein concentration by
Milliplex Analyst 5.1 (VigeneTech, USA).

2.11. Cell labeling, xenograft and enumeration procedure

Transgenic zebrafish embryos Tg(fli1: EGFP) at 24 hpf were de-
chorionated with 1mg/ml of pronase (Sigma-Aldrich, St. Louris, MO,
USA). After removing the chorion, embryos were soaked in embryo
medium with 0.2mM 1-phenyl 2-thiourea (PTU) and incubated for
further 24 h at 28.5 °C. At 48 hpf, the embryos were anesthetized with
0.16mg/ml tricaine (Sigma-Aldrich, St. Louris, MO, USA) and posi-
tioned with their right side up on a wet 1.6% agarose pad. Cancer cells
together with CAFs were co-injected into zebrafish embryos. In order to
differentiate these two types of cells, they were fluorescently labeled in
different colors. PC-3 and LNCaP cells were fluorescently labeled with
CM-DiI (Invitrogen, Life Technologies, Carlsbad, CA, USA) according to
the manufacturer's instructions. Primary CAFs was fluorescently labeled
with CMAC Blue (Invitrogen, Life Technologies, Carlsbad, CA, USA)
according to the manufacturer's instructions. Labeled cells were washed
in PBS twice, re-suspended in corresponding culture medium at 2×107

cells per ml. Cell viability was assessed by trypan blue staining before

the injection and it was higher than 95%. Approximately 200–300
tumor cells or a mixture of equal numbers of 200–300 tumor cells and
200–300 CAFs were injected into yolk sac per zebrafish embryo using a
microinjector (IM-31, Narishige, Japan) while under the observation by
stereoscope (SMZ 745T, Nikon, Japan). After transplantation, embryos
were incubated for 1 h at 28.5 °C, checked for presence of cells at yolk
sac and the absence of cells in the circulating system. Then embryos
were incubated at 32 °C for the following days [28]. A group of 15–20
embryos was sacrificed and dissociated into a single cell suspension, the
number of CM-DiI-labeled cancer cells was enumerated to be the base-
line number of PCa cells V.S. coinjection with CAF with/without
treatment with inhibitor LY2109761 to ensure cells engraft and pro-
liferate in the zebrafish embryos [29].

2.12. Statistical analyses

All statistical analyses were expressed as mean ± SEM using
GraphPad Prism 5.0. Statistical analysis was performed using the
standard student's t-test for pair comparisons and ANOVA analysis for
multiple factors. Significance was considered when P values were lower
than 0.05. (***) indicates statistical significance P < 0.005, (**)
P < 0.01, (*) P < 0.05. All experiments were done in triplicates and
independent experiment was repeated at least three times.

3. Results

3.1. Isolation and characterization of primary CAFs

The fibroblast cell population was first verified by cell morphology.
As shown in Supplementary Fig. 1a, the CAFs cells exhibited typical
fibroblast characteristics: a spindle-like shape morphology [12], which
were further characterized by their high expression of α-SMA and vi-
mentin (Supplementary Fig. 1b, c) [30,31].

3.2. CAFs promoted the proliferation, wound healing and migration of PCa
cells

In order to investigate the effect of CAFs on PCa cell proliferation
and migration in vitro, we cultured PC-3 and LNCaP cells in their normal
GM, GM plus CAF-CM at 1:1 (GM+CAF-CM), and GM plus CAF-CM at
1:1 with LY2109761 (GM+CAFs-CM+LY), respectively. Cell
counting showed that the cell numbers of PC-3 and LNCaP significantly
increased by CAF-CM compared to GM only (Fig. 1a, b). At day 8, the
cell numbers in GM+CAF-CM group almost doubled those in GM
group for both PC-3 and LNCaP cells. Adding LY2109761 significantly
blocked the promotion of proliferation by VAF-CM in PC-3 cells but not

Fig. 1. CAFs promote the proliferation of prostate cancer cells. (a) PC-3 and (b) LNCaP cells were cultured with normal growth medium (GM), or normal GM plus CAF
conditioned medium at 1:1 (GM+CAF-CM), or normal growth medium plus CAFs conditioned medium at 1:1 and with LY2109761 (GM+CAFs-CM+LY). Cell
numbers were counted at 0, 2, 4, 6 days post culture. Values are represented as mean ± SD of three replicates.
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LNCaP cells.
In addition, scratch wound assay was performed to examine whe-

ther CAF-CM could affect the wound healing potential of PCa cells. As
shown in Fig. 2a and c, CAF-CM had significant promotion effect on the
wound-healing potential of PC-3 and LNCaP cells in comparison with
GM. LY2109761 could significantly block the promotion effect of CAF-
CM in both cells but PC-3 cells showed higher sensitivity to LY2109761
treatment. We also examined the vertical migration of PCa cells induced
by CAFs, a key determinant of metastasis in tumor progression. As
shown in Fig. 2b and d, CAF-CM treatment greatly accelerated both PCa
cells migration rates compared with GM treatment. The migrated cell
numbers in GM+CAF-CM treatment group was 4 and 4.8 folds of those
in GM treatment group for PC-3 and LNCaP cells, respectively.
LY2109761 could significantly block the promotion effect of CAF-CM in
PC-3 cells but not LNCaP cells. To summarize, these results elucidated
that human primary CAFs could significantly promote the proliferation
and migration of PCa cells.

3.3. CAFs promoted tumor growth through the paracrine effect of TGF-β

CAFs secrete a plethora of factors including TGF-β to promote the
growth and invasion of the underlying tumor through a paracrine mode
[32–35]. Since TGF-β1 was more abundant than TGF-β2 and TGF-β3,
we determined the expression level of TGF-β1 in CAF-CM and GM by
Luminex technology. As shown in Fig. 3, the expression level of TGF-β1
in GM+CAF-CM group was almost 2 folds higher than that in GM
group.

3.4. LY2109761 suppresses TGF-β induced proliferation and migration
abilities of PC-3 but not LNCaP cells

LY2109761, a novel inhibitor TGFβR-I and TGFβR-II kinase, has
shown antitumor activities in various tumor models such as colorectal

cancer, pancreatic cancer, and hepatocellular carcinoma [36–38].
Adding LY2109761 into the CAF-CM co-culture system led to sig-
nificantly decreased proliferation and migration activities of PC-3 cells
(Fig. 1a, 2). LNCaP cells were not as sensitive to LY2109761 treatment
as PC-3 cells, its proliferation and migration activities in the co-culture
medium were not altered after LY2109761 treatment (Figs. 1b, 2b, and
d) while the wound healing activity was slightly decreased by
LY2109761 treatment (Fig. 2a, c). Thus, these data suggested that TGF-
β has a critical role in CAF driving proliferation and migration of PCa
cells.

Fig. 2. CAFs enhance the wound healing and migration of prostate cancer cells via the secretion of TGF-β. (a) The effect of CAFs on cell wound healing was
determined 24 h after in the presence of TGF-βRII inhibitor LY2109761. (b) The effect of CAFs on cell migration was determined 6 h after in the presence of TGF-βRII
inhibitor LY2109761. Photographs of migrated cells (magnification, 100×) are shown. Quantitation of (c) wound healing and (d) migrated cells. Migrated cells were
counted in four randomly selected microscopic fields. Values are represented as mean ± SD of three replicates. *P < 0.05.

Fig. 3. TGF-β1 level measurement. Growth medium (GM) of PC-3 and condi-
tioned medium of CAFs (CAF-CM) were collected and cryopreserved before
cytokine measurement. GM and GM+CAF-CM (1:1) were thawed and pro-
cessed according to the protocol of Luminex kit. Values are represented as
mean ± SD of three replicates. *P < 0.05.
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3.5. LY2109761 inhibits PC-3 cell proliferation and metastasis in vivo

Zebrafish is gaining increasing research prominence as a model for
measuring cancer cell progression and microenvironment [23,25,26].
Small molecules can be added directly to the water and diffuse into the
zebrafish embryo [39]. We therefore set out to investigate the effect of
addition of TGF-β receptor type I/II kinase inhibitor on PCa cells pro-
liferation and metastasis in zebrafish xenograft. First, we subjected the
zebrafish to different doses of LY210976. The inhibitor was added to
the zebrafish embryos at 48 hpf, and monitored for 5 days. At the doses
lower than or equal to 5 μM, no or very few deformities were observed.
Extensive malformation and death of the embryos occurred at higher
doses. Second, CM-DiI-labeled PC-3/LNCaP cells with/without CMAC-
Blue-labeled CAFs were injected into the zebrafish yolk sac at 48 hpf
and treated with/without 5 μM LY2109761 (Fig. 4a). The incubation
water was changed every day. The cancer cell number at 0 dpt (day post
treatment) was set as baseline and normalized to 1. PC-3 cells in the
control group proliferated to 1.48 folds of baseline. Co-injection of CAFs
with PC-3 stimulated cell proliferation to 1.8 folds of baseline, while
cell proliferation was decreased to 1.2 folds of baseline at the presence
of 5 μM LY2109761 even when CAFs were co-injected (Fig. 4c). Zeb-
rafish transplanted with PC-3 cells did not display micrometastasis at 3
dpi (day post injection). But nearly 54% of zebrafish xenografts co-in-
jected with PC-3 cells and CAFs displayed micrometastasis at 3 dpi,
while these micrometastasis could be totally inhibited by LY2109761
(Fig. 4b). LNCaP cells in the control group proliferated to 1.73 folds of
baseline. Co-injection of CAFs stimulated cell proliferation to 2 folds of
baseline, and this stimulation was not suppressed by LY2109761
(Fig. 4d). Zebrafish transplanted with LNCaP cells only or mixtures of

LNCaP cells and CAFs did not display micrometastasis at 3 dpi (day post
injection). These data suggested that targeting the TGF-β signaling with
small molecular inhibitors proved to be effective to reduce the pro-
liferation and micrometastasis of PC-3 cells, but not LNCaP cells.

4. Discussion

PCa is an androgen-dependent malignant tumor, but the role of a
single androgen does not completely explain the progression of PCa
disease, especially the conversion of endocrine to castration-resistant
(CRPC) after endocrine therapy. We have previously reported that CAFs
regulate the proliferation of AR-positive LNCaP cells via the androgen
receptor (AR) signaling pathway [40]. For AR-negative PC-3 cells, the
molecular mechanism of CAFs to promote the growth of PC-3 cells
through the secretion of TGF-β1 has become a hot topic [41].

Human bone marrow-derived mesenchymal stem cells (MSC) share
striking similarities to CAFs. Previous work had shown that MSC
transdifferentiated into CAFs could secrete TGF-β that promotes pros-
tate tumor cell malignancy [42]. It would be necessary to determine
whether all activated fibroblasts or only a subset are MSC [43] in our
future study. While the role of CAF-secreted TGF-β in PC-3 vs LNCaP
have been shown in prior works [42] [44], we show it for the first time
in the zebrafish xenograft model which provided direct insight of the
effects in a living animal.

TGF-β signaling plays a dual regulatory role in the development and
progression of cancer. The effects are often context-dependent because
TGF-β can induce both growth promotion and growth inhibition in the
same cells depending on the cell types and experimental conditions.
The molecular mechanisms responsible for inducing proliferation are

Fig. 4. CAF promoted the proliferation and migration of PCa cells in zebrafish xenograft model. (a) Typical images of CM-DiI-labeled PC-3/LNCaPcells with/without
CMAC-Blue-labeled CAFs injected into the zebrafish Tg (fli-1: EGFP) yolk sac at 1 dpi (n=150). (b) Typical images of CM-DiI-labeled PC-3/LNCaP cells with/without
CMAC-Blue-labeled CAFs injected into the zebrafish Tg (fli-1: EGFP) yolk sac at 1 dpi and were treated with/without LY2109761 for 2 days. (c, d) In vivo proliferation
of PCa cells. Cell number at 0 dpt was normalized to 1 and set as baseline. Fold change was determined by sacrificing embryos at 0 dpt and 2 dpt. Quantitative values
are means± SEM from 45 to 60 independent individuals. Significance at different treatment group was considered when P values were lower than 0.05. (*) indicates
statistical significance P < 0.05 and (***) P < 0.001. Arrows in (b) point to the metastasized tumor cells in the tail of the zebrafish embryos. dpi: day post injection,
dpt: day post treatment.
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less defined than those that lead to inhibition of proliferation [45]. TGF-
β controls both the initial development of tumor as well as the cancer
progression of a large variety of tumor types. Its role in tumor sup-
pression and its extensive role in cancer progression through direct
effects on the cancer cells themselves, as well as the microenvironment
were widely discussed [46].

TGF-β1 is mainly produced by prostatic stromal cells [47], whose
overexpression is closely related to the poor prognosis of patients with
PCa. Yu [7] reported that CAFs-CM derived from human breast cancer
stroma contained excessive TGF-β1 to enhance the adhesion, migration
and local invasion of cancer cells MCF-7. In the present study, the ex-
cessive secretion of TGF-β1 from CAFs was also found by Luminex assay
(Fig. 3). It has been reported that, PC-3 cells expressed high levels of
TGF-βRII and showed high sensitivity of TGF-β stimulation [48]. This
may be one of the molecular mechanisms by which CAFs regulate the
proliferation and migration of PC3. LNCaP had a low or negative ex-
pression level of TGF-βRII [49]. Although the proliferation and mi-
gration of LNCaP could be activated by CAF-CM, the stimulation might
not due to TGF-β signaling because LY2109761 could not block this
stimulation, other molecular mechanisms might play role instead of
TGF-β1 in the modulation of LNCaP. In our present work, we showed
LY2109761 could block the stimulation of CAF-CM to the proliferation
and migration of PC-3 in vitro, but without an additional group of
GM+LY, we could hardly rule out the case where the effect of LY was
directly on cancer cells and has nothing to do with the CAF-CM.

Zebrafish as several advantages in the tumor cell xenograft assay.
First, it has innate immune system and do not to be im-
munocompromised before xenograft. Second, this model has a unique
live imaging ability that single cell movement can be tracked in a living
animal. Third, this xenograft model as a medium throughput in the anti-
cancer drug screening. In the present study, we used zebrafish xeno-
grafts model and co-injected the PCa cells together with the micro-
environment CAFs. Two different types of cells were fluorescently la-
beled in different colors, this made it possible to track both types of
cells during their proliferation, migration and find the interaction be-
tween them [22,23]. Recently, patient-derived tumor xenograft model
was also established by using zebrafish, this model offers great oppor-
tunity for the translational research of cancer as well as a real-time drug
sensitivity test for the personalized chemotherapy [19,25]. Zebrafish is
a major catch for cancer researchers offering a number of unique ad-
vantages for investigating the mechanisms that drive cancer formation
and progression [24]. It is no wonder that cancer researchers are taking
notice as these advantages provide new way for significant discoveries
and a whole animal system for cancer research.

5. Conclusions

Our study showed that CAFs regulated the proliferation and mi-
gration of PC3 and LNCaP cells in different molecular mechanisms.
CAFs regulated the proliferation of PC-3 through TGF-β1 signaling
pathway, which is a potential new therapeutic target for PCa. However,
androgen rather than TGF-β signaling pathway might be the main
regulative way for the regulation of LNCaP cells by CAFs.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.lfs.2019.116791.
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