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Anti-androgen receptor ASC-J9 versus anti-androgens
MDV3100 (Enzalutamide) or Casodex (Bicalutamide)
leads to opposite effects on prostate cancermetastasis
via differential modulation of macrophage infiltration
and STAT3-CCL2 signaling

T-H Lin1,2,3,4,5,7, K Izumi1,2,3,4,5,7, SO Lee1,2,3,4,5,7, W-J Lin1,2,3,4,5, S Yeh1,2,3,4,5 and C Chang*,1,2,3,4,5,6

Despite androgen deprivation therapy (ADT) suppression of prostate cancer (PCa) growth, its overall effects on PCa metastasis

remain unclear. Using human (C4-2B/THP1) and mouse (TRAMP-C1/RAW264.7) PCa cells–macrophages co-culture systems,

we found currently used anti-androgens, MDV3100 (enzalutamide) or Casodex (bicalutamide), promoted macrophage migration

to PCa cells that consequently led to enhanced PCa cell invasion. In contrast, the AR degradation enhancer, ASC-J9, suppressed

both macrophage migration and subsequent PCa cell invasion. Mechanism dissection showed that Casodex/MDV3100 reduced

the AR-mediated PIAS3 expression and enhanced the pSTAT3-CCL2 pathway. Addition of CCR2 antagonist reversed the

Casodex/MDV3100-induced macrophage migration and PCa cell invasion. In contrast, ASC-J9 could regulate pSTAT3-CCL2

signaling using two pathways: an AR-dependent pathway via inhibiting PIAS3 expression and an AR-independent pathway via

direct inhibition of the STAT3 phosphorylation/activation. These findings were confirmed in the in vivo mouse model with

orthotopically injected TRAMP-C1 cells. Together, these results may raise the potential concern about the currently used ADT

with anti-androgens that promotes PCa metastasis and may provide some new and better therapeutic strategies using ASC-J9

alone or a combinational therapy that simultaneously targets androgens/AR signaling and PIAS3-pSTAT3-CCL2 signaling to

better battle PCa growth and metastasis at castration-resistant stage.
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Prostate cancer (PCa) is the leading cause of cancer death in

men in the United States. The PCa metastatic lesions are

mostly found in the bone, which impair the quality of life and

lead to PCa-related deaths in patients.1 The androgen

deprivation therapy (ADT) is effective in decreasing pros-

tate-specific antigen (PSA) levels and reducing the tumor size

with early treatment; however, the effects of ADT on PCa

metastasis remain unclear.1 Earlier studies in lymph node

metastatic tumors showed that the androgen receptor (AR)

expression status correlated with patient’s prognosis.2,3

However, recent findings indicated that AR was differentially

correlated with Gleason score patterns being upregulated in

Gleason pattern 4 and downregulated in Gleason pattern 5 in

both primary and metastatic PCa.4 A large clinical statistical

report also pointed out that the ADT treatment of patients at

earlier stages of PCa might increase the cancer-specific

mortality by promoting more malignant cancer cells.5 As the

metastasis of cancer is the major cause of cancer-related

death, it is important to clarify the AR roles associated with

ADT and the differential regulation of tumor growth versus

tumor metastases in PCa.

An early report demonstrated that the AR signaling

could suppress the wound-healing process by modulating

macrophage infiltration with alterations of cytokine expression

profiles.6 Weitzman and Gordon7 found that the

gene expression profile in metastatic breast cancer is very

similar to the wound-healing process, therefore it is possible

that the AR signaling in macrophages might be critical in

modulating macrophages infiltration to tumor site and

influence PCa metastasis. Macrophages are the main

source of cytokines/chemokines in the local tumor

microenvironment8 that might be associated with promotion

of tumor growth, angiogenesis, and metastasis.9 The direct

linkage of ADT to cytokines and their detailed mechanisms

related to increased PCa metastasis, however, remain

unclear.
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Here we found that ADT with the currently used Casodex

(bicalutamide) and the newly developed MDV3100 (enzalu-

tamide)10 promoted PCa metastasis via enhancing macro-

phage infiltration in both in vitro co-culture systems and in vivo

mouse models. In contrast, the newly developed AR

degradation enhancer ASC-J911 showed an opposite effect,

suppressing the macrophage infiltration and consequent PCa

metastasis. Detailed mechanism studies identified the differ-

ential regulation of these three different anti-androgen/AR

(anti-A/AR) compounds on STAT3/CCL2 signaling, which

explained their opposite effects on macrophage infiltration/

PCa metastasis. These results may, therefore, provide a

potential novel therapy combining Casodex/MDV3100 with

anti-CCL2-CCR2 compounds. Alternatively, targeting ARwith

ASC-J9 to simultaneously suppress PCa growth and macro-

phage infiltration/metastasis could be a promising future

therapy to better battle PCa.

Results

Differential effects of Casodex/MDV3100 versus ASC-J9

on macrophage migration to PCa cells. We performed

in vitro macrophage migration assays using two different

PCa and macrophage cell line sets (human C4-2B/human

THP1 cells and mouse TRAMP-C1/mouse RAW264.7 cells)

to study ADT effects on PCa cells’ capacity to recruit

macrophages. We used the two current clinically used

anti-androgens, Casodex (10mM, the most widely used

anti-androgen in current ADT12) and MDV3100 (10mM,

a powerful new anti-androgen that could delay the recur-

rence of increased PSA with extended PCa patients survival

time to 4.8 months10), and one newly developed anti-AR

compound ASC-J9 (5mM, the newly developed AR degrada-

tion enhancer with the unique capability to degrade AR

protein in selective cells including PCa6,11,13,14).

The PCa C4-2B cells were treated with the three different

anti-A/AR compounds for 3 days, and the conditioned

media (CM) were collected and applied in the human THP1

macrophage migration assays (Figure 1a). We found the CM

from the PCa cells treated with 10 mM Casodex or MDV3100

significantly enhanced the macrophage migration (Figure 1b,

left panel). Similar results were also obtained when we

replaced human C4-2B/THP1 cell set with mouse RAW264.7/

TRAMP-C1 cells set (Figure 1b, right panel). In contrast, we

found 5 mM ASC-J9 suppressed macrophage recruitment in

both human and mouse cell sets (Figure 1b).

Differential effects of Casodex/MDV3100 versus ASC-J9

on PCa cell invasion under PCa cells/macrophages

co-culture system. The PCa cells/macrophages co-culture

system was then used to investigate the consequences of

differential recruitment of macrophages to PCa cells for their

impacts on PCa cell invasion. The human C4-2B/THP1 and

mouse TRAMP-C1/RAW264.7 cell sets were co-cultured in
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Figure 1 Differential effects of anti-A/AR compounds on macrophage migration and PCa invasion. (a) Illustration of the in vitro macrophage (Mf) migration model.
The PCa cells were treated with anti-A/ARs 10 mM Casodex (CASO), 10mM MDV3100 (MDV), 5 mM ASC-J9 (ASC), or vehicle control (NC), and incubated in 10% CD-FBS
RPMI medium at 10 nM DHT for 3 days. The CM were collected, diluted with 10% CD-FBS RPMI medium at 1 : 1 ratio, and then placed into the lower chamber of transwell
plates. (b) Macrophage migration to the PCa cells CM. The THP1 cell migration to the C4-2B cells CM (left) and the RAW264.7 (RAW) cell migration to the TRAMP-C1 cells
CM (right) were shown. (c) Illustration of PCa invasion with macrophage co-culture in vitromodel. The PCa cells were plated into lower chambers of the transwell plates, while
the macrophage cells were plated in the upper chambers. The co-culture system was treated with different anti-A/AR or vehicle control (NC), and incubated in 10% CD-FBS
RPMI medium at 10 nM DHT for 3 days. The CM were collected, diluted with 10% CD-FBS RPMI medium at 1 : 1 ratio, and then put into the lower chamber of transwell plates.
The parental PCa cells were then placed on the upper chamber of transwell plates with Matrigel pre-coated inserts in serum-free medium for the invasion assay. (d) PCa
invasion induced by the co-culture CM. The C4-2B cell invasion with the C4-2B/THP1 cell CM (left) or the TRAMP-C1 cell invasion with the TRAMP-C1/RAW264.7 cell
CM (right) were shown. Error bars¼mean±S.E.M. *Po0.05, **Po0.01, ***Po0.001
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the 0.4-mm transwell plates with 10 mM Casodex, 10 mM

MDV3100, 5mM ASC-J9 or vehicle control for 3 days.

The CM were then collected, diluted, and put into the lower

chambers in the transwell plates. The parental C4-2B or

TRAMP-C1 cells were placed in the upper chambers and

invasion assays were performed (Figure 1c). Importantly,

we found the CM from the PCa/macrophage co-cultured cells

treated with 10 mM Casodex or MDV3100 significantly

enhanced the PCa invasion in both human and mouse cell

sets tested (Figure 1d). In contrast, we found 5 mM ASC-J9

suppressed PCa invasion in both sets (Figure 1d).

Together, results from Figures 1a–d demonstrated that the

Casodex and MDV3100 might promote the macrophage

infiltration to PCa cells and then promote PCa cell invasion.

In contrast, ASC-J9 could suppress macrophage infiltration to

PCa cells and the consequent PCa cell invasion.

CCR2 antagonist reversed the Casodex/MDV3100-

induced macrophage infiltration and PCa invasion. The

unexpected/unrecognized differential effects of these three

different anti-A/AR compounds on macrophage infiltration

and their impact on PCa cell invasion raised very exciting yet

important question(s) on how to overcome this unwanted

effect of the current ADT with Casodex and MDV3100

increasing macrophage infiltration/PCa cell invasion.

We, therefore, determined to further dissect the potential

molecular mechanisms behind these contrasting differences.

Among the chemokines that are correlated with macro-

phage infiltration, the CCL2–CCR2 axis has been shown

to have pivotal roles in tumor initiation and progression to

metastatic stages.15 It was also demonstrated in PCa studies

that CCL2 could either directly enhance PCa cell proliferation,

survival, and metastasis,15 or promote the PCa progression

by indirectly modulating angiogenesis and macrophage

recruitment in the tumor microenvironment.15 We applied

the CCR2 antagonist in the macrophage migration assay to

test its capacity to reverse Casodex- and MDV3100-induced

macrophage migration. As shown in Figures 2a and c,

addition of 20 nM CCR2 antagonist significantly reversed

the macrophages migration in human THP1/C4-2B

(Figure 2a) and mouse RAW264.7/TRAMP-C1 (Figure 2c)

cells co-culture systems. Furthermore, addition of 20 nM

CCR2 antagonist also significantly reversed the macro-

phages-induced invasion increase in human C4-2B

(Figure 2b) and mouse TRAMP-C1 cells (Figure 2d).

Together, results from Figures 2a–d confirmed that

both Casodex and MDV3100 might need to go through

CCL2–CCR2 axis to induce macrophage infiltration to PCa

cells, which led to enhanced PCa cell invasion.

The effect of CCR2 antagonist was also investigated on

the ASC-J9-suppressed macrophage migration. Importantly,

we found 20 nM CCR2 antagonist showed little effect

on ASC-J9-suppressed macrophage migration in human

THP1/C4-2B (Figure 2a) and mouse RAW264.7/TRAMP-C1

(Figure 2c) cells co-culture systems. Furthermore, 20nM CCR2

antagonist also showed little effect on ASC-J9-suppressed

macrophage-induced invasion increase in human C4-2B

(Figure 2b) and mouse TRAMP-C1 (Figure 2d) cells,

suggesting the ASC-J9 itself might already have similar

effects as the CCR2 antagonist to block CCL2–CCR2 axis, so
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Figure 2 Reversed macrophage migration and PCa invasion by blocking the CCL2/CCR2 interaction. (a and c) The PCa cells were treated with 10 mM Casodex (CASO),
10mM MDV3100 (MDV), 5 mM ASC-J9, or vehicle control (NC), combined with/without CCR2 antagonist, and incubated in 10% CD-FBS RPMI medium at 10 nM DHT for 3
days. The CMs were obtained and used for the macrophage migration assays. The THP1 cell migration to the C4-2B cell CM (a) or the RAW264.7 (RAW) cells migration to the
TRAMP-C1 cell CM (c) were shown. (b and d) The PCa/macrophage cells co-culture systems were treated with 10 mM Casodex (CASO), 10mM MDV3100 (MDV), anti-AR
5mMASC-J9, or vehicle control, combined with/without CCR2 antagonist, and incubated in 10% CD-FBS RPMI medium at 10 nM DHT for 3 days. The CMs were obtained and
used for the PCa invasion assays. The C4-2B cell invasion with the C4-2B/THP1 cell CM (b) or the TRAMP-C1 cell invasion with the TRAMP-C1/RAW264.7 cells CM (d) was
shown. Error bars¼mean±S.E.M. *Po0.05, **Po0.01, ***Po0.001. N.S., not significant
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addition of CCR2 antagonist did not further influence ASC-J9

effect.

Together, results from Figures 2a–d clearly demonstrated

that ASC-J9 had a unique and better anti-PCa cell invasion

capacity than the current two anti-androgens, Casodex and

MDV3100, and proved the differential anti-PCa cell invasion

effects could be due to opposite modulation of CCL2–CCR2

signaling.

AR-dependent regulation of PIAS3-STAT3-CCL2 signal-

ing and AR-independent regulation of STAT3-CCL2

signaling explain differential modulation of CCL2

signaling by Casodex/MDV3100 (induction) and ASC-J9

(suppression). To further dissect the molecular mechanism

by which these three anti-A/AR compounds have differential

effects on activation of CCL2–CCR2 signaling, we assayed

their influence on CCL2 expression, and as expected,

addition of 10 mM Casodex or MDV3100 increased

CCL2 expression in C4-2B and TRAMP-C1 cells at the

mRNA (Figure 3a) and protein (Figure 3b) levels. In contrast,

we found 5mM ASC-J9 significantly suppressed the CCL2

expression (and other AR key target genes, including PSA

and Nkx3.1) in the C4-2B and TRAMP-C1 PCa cells at

mRNA (Figure 3a) and protein (Figure 3b) levels.

We further examined CCL2 upstream genes STAT36 and

protein inhibitor of activated STAT3 (PIAS3),16 as previous

studies found that androgen/AR signaling could induce the

PIAS3 expression that suppressed the STAT3 activation.17
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The results showed that addition of 10 mM Casodex or

MDV3100 suppressed PIAS with enhanced STAT3 activation

in C4-2B and TRAMP-C1 cells (Figure 3b).

Importantly, although ASC-J9 was able to suppress PIAS3

expression, we could not observe consequent enhanced

STAT3 phosphorylation/activation in C4-2B and TRAMP-C1

cells and in contrast, suppressive effects were observed

(Figure 3b), as well as suppressed CCL2 expression. These

unexpected findings led us to believe that in addition to the

ASC-J9 effect on AR-dependent modulation of PIAS3-

pSTAT3-CCL2 signaling, ASC-J9 might be able to go through

another unique AR-independent signaling pathway to

suppress pSTAT-CCL2 signaling. We then tested this

hypothesis in PCa AR-negative PC3 cells, and found that

both 10 mMCasodex orMDV3100 treatment had little effect on

the PIAS3-STAT3/CCL2 signaling, confirming their anti-

androgen effects are AR-dependent. As expected, we found

5mM ASC-J9 treatment resulted in significant suppression of

the STAT3 phosphorylation/activation and CCL2 expression,

with little influence on the PIAS3 expression in the AR-

negative PC3 cells (Figure 3c), confirming ASC-J9 could also

go through an AR-independent pathway to modulate STAT3

phosphorylation/activation and CCL2 expression.

Together, results from Figures 3a–c clearly proved that

ASC-J9 could go through an AR-dependent mechanism to

alter PIAS3-pSTAT3-CCL2 signaling that induced CCL2

expression as well as go through an AR-independent

mechanism to alter pSTAT3-CCL2 signaling that suppressed

CCL2 expression. The consequences of these two opposite

effects result in suppression of CCL2 expression, which

indicates that the AR-independent pathway may be more

dominant than the AR-dependent pathway (Figure 3d).

This unique way of modulation of CCL2 expression

suggests that ASC-J9 is the first identified anti-AR compound

that not only has anti-PCa cells proliferation capacity, more

importantly, may also have anti-PCa cell invasion capacity. In

contrast, the currently used anti-androgens, such as Casodex

or MDV3100, may have the anti-PCa cells proliferation

capacity, but have the capacity of enhancing PCa cell invasion

undesirably. To our best knowledge, ASC-J9 can have dual

capacities that could suppress both PCa cell growth and PCa

cell invasion via AR-dependent and AR-independent

mechanisms.

ASC-J9, but not Casodex and MDV3100, suppressed

both macrophage infiltration and PCa metastasis in the

in vivo mouse models. To further prove the opposite

effects of these anti-A/AR compounds on macrophage

migration and PCa cell invasion in vivo, we used mouse

models with orthotopically xenografted TRAMP-C1 cells, as

this model is well established to study the PCa metastasis

in vivo.18 A total of 106 TRAMP-C1 cells were mixed with

Matrigel and injected into the anterior prostates of nude mice.

After 2 weeks, the three different anti-A/AR compounds

(Casodex at 30mg/kg; MDV3100 at 30mg/kg, and ASC-J9 at

75mg/kg) were i.p. injected every other day for 3 weeks

(Figure 4a). After 3 weeks of treatment, the mice were killed

and the visible metastatic tumors were carefully evaluated.

We found the Casodex- and MDV3100-treated mice had

significant increase (Figure 4b, left), yet the ASC-J9 treated

mice had significant decrease (Figure 4b, left) in developing

distant metastatic tumors in diaphragm and lymph nodes,

compared with the vehicle control mice (Figure 4b, left).

Histological examination of metastatic tumor tissues

confirmed metastases originated from the TRAMP-C1-

inoculated cells (Figure 4b, middle and right).

Importantly, we found little change in mice body weight

among all the mice treated (Figure 4c), and early reports19–22

also suggested that mice treated with ASC-J9 had little side

effects or toxicity.

Combination treatment of ASC-J9 plus CCR2 antagonist in

TRAMP-C1-implanted mice did not further reduce the

metastases when compared with the ASC-J9-treated-mice

(Figure 4d), which confirmed our in vitro data described in

Figures 2a–d and also proved that ASC-J9, by itself, has anti-

CCL2-CCR2 capacity and therefore CCR2 antagonist action

was not necessary to suppress the CCL2–CCR2 signaling.

The macrophage infiltration and the activation of individual

molecules in STAT3-CCL2 signaling in tumor tissues of the

mice treated with different anti-A/AR compounds were also

evaluated by the immunohistochemistry staining. As shown in

Figure 4e, we found the macrophage infiltration (the number

of F4/80 positively stained cells) was increased in Casodex- or

MDV3100-treated tumors, whereas the ASC-J9-treated

tumors had fewer infiltrated macrophages. On the other hand,

while the expression of AR target gene Nkx3.1 was inhibited

by all anti-A/AR compounds treatments, expressions of

STAT3 and CCL2 were higher in Casodex- or MDV3100-

treated tumor samples, but lower in ASC-J9-treated tumor

samples, when compared with the tumor samples from the

vehicle control group (Figure 4f), all of which were in

agreement with our in vitro results described in Figure 3.

Together, results from in vivo TRAMP-C1 mouse model

studies confirmed our in vitro cell line studies and demon-

strated that ADTwith Casodex andMDV3100 treatment might

promote macrophage infiltration and enhance PCametastasis,

yet ASC-J9 treatment could suppress macrophage infiltration

and PCa metastasis, and these differential effects involved the

opposite regulation of STAT3-CCL2 signaling.

Discussion

While ADT can effectively inhibit the androgen/AR-mediated

PCa cell growth, the roles of ADT in PCa metastasis

remain unclear and early studies found expression of

several metastatis-related markers, such as N-cadherin,23

Cadherin-11,24,25 and nestin,26 were increased in human

clinical PCa samples after ADT, suggesting that ADT

targeting of androgen/AR signaling may promote PCa

metastasis. The animal studies using the TRAMP mouse

model also demonstrated that the mice with ADT using

surgical castration (so that their serum testosterone is

undetectable) had increased lymph node27 or distant28

metastases. Furthermore, Niu et al.
29 found in the TRAMP

mouse model studies that the mice with AR knockdown in

prostate epithelial cells had increased metastatic PCa with

earlier deaths.

The above human and mice data showing ADT might

enhance PCa metastasis were also in agreement with in vivo/

in vitro data using various PCa cell lines, for example,
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castration in mice with orthotopically xenografted PCa C4-2

cells led to increasedmetastases, yet the detailedmechanism

remains unclear.30 A recent report also showed that ADT

could increase the EMT process in a ZEB1-dependent

manner in human LuCaP35 PCa cell xenograft mice model.31

Furthermore, a recent clinical trial of ADT with abiraterone,

which suppressed androgen biosynthesis, found that while

79% of PCa patients have a decline of 50% or more in their

PSA level, yet 52% of these PCa patients have either

enhanced bone lesions or increased new bone lesions after

4 months of treatment, and these increases were observed at

stages when patients’ PSA dropped to very low levels.32

Meanwhile, the enhanced bone lesions were reduced after 7

months of treatment, suggesting that abiraterone may still be

capable to control the PCa growth in metastatic sites.

Importantly, recent studies also found the current ADT with

anti-androgens might lead to primary tumor reduction with

PSA decreased yet metastases increased in some PCa

patients.33 In vitro results from four different PCa cell lines

also showed that 10 mM Casodex or MDV3100 treatments

suppressed PCa cell growth and reduce PSA level, yet

significantly enhanced PCa cell invasion. In vivomice studies

using orthotopic xenograft mousemodel also confirmed these

results. In contrast, ASC-J9 led to suppressedPCa cell growth

and cell invasion in in vitro and in vivo models. Mechanism

dissection indicated these Casodex/MDV3100 treatments

enhanced the TGF-b1/Smad3/MMP9 pathway, but ASC-J9

showed promising anti-invasion effects via downregulation of

MMP9 expression.33

Together with our current findings, the clinical evidence and

animal experimental results suggested that anti-A/AR signal-

ing involved in PCa proliferation versus metastasis could be

via two unrelated pathways, and a new combination therapy to

suppress PCa proliferation with the current ADT plus a new

therapy to battle metastasis may be developed in the future.

The infiltration of tumor-associated macrophages (TAM)

has been linked to tumor progression inmany tumor diseases,

suggesting the potential of TAM-targeting therapy in the

treatment of advanced cancer.34 It has been shown that TAM

can provide growth and survival factors, induce angiogenesis,

and enhance matrix remodeling in the tumor microenviron-

ment, consequently leading to tumor metastases. CCL2 is

highly expressed in malignant tumor cells, and may have

an essential role in TAM recruitment.15 After recruitment, the

TAM can also produce CCL2, suggesting a positive feedback

loop may exist in the cross-talk between PCa and TAM.35Our

data indicated that ADT could induce the CCL2 expression

and macrophage infiltration, whereas the CCR2 antagonist

can reverse the ADT-induced tumor malignancy. These

results implied that CCL2 might have critical roles in ADT-

induced PCa metastasis. While the use of the CCL2 antibody

failed in a phase II clinical trial,36 CCR2 antagonist may be an

alternative approach to manage the side effects caused by

ADT. Interestingly, the use of the ASC-J9 alone can suppress,

but not induce, the CCL2 expression, highlighting its potential

in clinical application.

Previously, we have demonstrated the unique capability of

ASC-J9 in AR protein degradation in selective cell types.

Interestingly, our current results identified the new character-

istics of ASC-J9 in STAT3 inhibition in an AR-independent

manner. The STATs are transcription factors that have

important roles during the inflammation process. Among

them, STAT3 is highly expressed and may link to cancer

progression in many cancer types including PCa. Activation

of STAT3 is responsible for many genes involved in tumor

malignancy including CCL2, making it a valuable target in

cancer therapy. The inhibition of STAT3 can be achieved by

indirect targeting of the upstream tyrosine kinase JAK1/2, or

direct targeting of the STAT3 by oligonucleotides or siRNA.37

As the total STAT3 protein level was not influenced by

ASC-J9, it would be interesting to further investigate whether

ASC-J9 can inhibit the STAT3 activation through blocking the

upstream JAK1/2 kinase activity. When applied in the PCa

studies, ASC-J9 can inhibit the PIAS3 gene expression

in AR-positive cells, which may result in STAT3 activation.

On the other hand, it can also block the STAT3 phosphoryla-

tion/activation in both AR-positive and AR-negative cells. The

consequences of both AR-dependent STAT3 activation and

AR-independent anti-STAT3 activation by ASC-J9 then leads

to the suppression of CCL2 expression in PCa cells, which

may then result in blocking of PCa invasion.

In conclusion, our current data suggest that the current

clinically used ADT with Casodex/MDV3100 in PCa patients

might lead to unwanted side effects of enhanced macrophage

infiltration/PCa metastasis through modulation of CCL2-

STAT3 signaling. The combination of ADT with anti-STAT3

or anti-CCL2-CCR2 compounds, or the use of the novel AR

degradation enhancer, ASC-J9, may help to prevent the

unwanted side effects induced by ADT, which may help us to

develop new therapeutic approaches in the future to better

battle PCa at the castration-resistant stage.

Materials and Methods
Cell culture. The C4-2B cell line, which was derived from a bone metastasis in
the castrated LNCaP xenografted mouse, was a kind gift from Dr. Ming Jiang.
TRAMP-C1, THP1, and RAW264.7 cell lines were obtained from ATCC
(Manasses, VA, USA). The C4-2B and TRAMP-C1 cell lines were maintained in
RPMI-1640 medium containing 10% non-heat-inactivated fetal bovine serum

Figure 4 Induction versus suppression of PCa metastases by Casodex, MDV3100, and ASC-J9. (a) Outline of the in vivo experiment. The TRAMP-C1 cells were used as
in vivomouse model to detect the tumor metastases in the transplanted nude mice. (b) Quantification of metastatic lesions in mice treated with different anti-A/AR compounds.
After euthanizing the mice, the metastatic tumors were evaluated, and the numbers of metastatic foci in each mouse were quantified (left). The metastatic tumors observed on
the diaphragm (middle) were confirmed by histology with HE staining (right). (c) Body weights of mice under anti-A/AR compounds treatment. The mice body weights were
checked weekly starting from the first injection of compounds. (d) Quantification of metastatic lesions in mice treated with ASC-J9 alone or combined with CCR2 antagonist.
(e) Migration of macrophages (arrows) into the primary tumor site. The paraffin-embedded tumor tissue sections were stained using antibody of macrophage marker F4/80
(left). The total numbers of macrophages (Mf) in three randomly selected fields were quantified on the right. (f) Comparisons of STAT3/CCL2 signal in in vivo PCa tissue.
The pSTAT3, CCL2, and Nkx3.1 expressions were detected by immunohistochemistry staining of the paraffin-embedded tissue sections (� 400), the quantification results
were shown on right. Error bars¼mean±S.E.M. *Po0.05, **Po0.01. N.S., not significant

Anti-androgens enhance prostate cancer metastasis

T-H Lin et al

7

Cell Death and Disease



(FBS) and antibiotics (100 units/ml penicillin, 100mg/ml streptomycin). The THP1
and RAW264.7 cells were maintained in the RPMI medium containing 10% heat-
inactivated FBS, antibiotics, and 0.05mM 2-mercaptoethanol. Cells were cultured
at 5% CO2 and 37 1C.

Reagents. Casodex was purchased from Toronto Research Chemicals
(Toronto, ON, Canada). MDV3100 for in vitro studies was purchased from
Selleck Chemicals (Houston, TX, USA). CCR2 antagonist was purchased from
Santa Cruz Biotechnology (Santa Cruz, CA, USA). ASC-J9 and the MDV3100
used for in vivo studies were synthesized by Dr. Defeng Xu in Shanghai Jiao Tong
University. All other chemicals and solvents used in this study were of reagent
grade or high performance liquid chromatography grade.

Macrophage recruitment assay. PCa cells were treated with the anti-
androgens, together with/without the inhibitors for 3 days. The CM or control
media were collected, diluted with 10% charcoal-dextran-treated (CD)-FBS RPMI
media, plated into the lower chamber of transwell plates with a 5-mm pore
polycarbonate membrane insert (Corning, Corning, NY, USA). THP1 (1� 105) or
RAW264.7 (2� 104) cells were plated onto the upper chamber for macrophage
migration assay. The cells that migrated into the lower chamber media
were collected and counted by the Bio-Rad (Hercules, CA, USA) TC10 automatic
cell counter. Each sample was assayed in triplicate and the experiments were
repeated twice.

Cell invasion assay. PCa/macrophage cells were co-cultured in 0.4-mm
transwell plates. Cells were treated with the anti-A/AR drugs for 3 days,
with/without the inhibitors. The CM or control media were collected, diluted with
10% CD-FBS RPMI media, and plated into the lower chambers of the 6.5-mm
transwells with 8-mm pore polycarbonate membrane insert (Corning) pre-coated
with 20% matrigel for cell invasion assay. The parental PCa cells (1� 105)
without treatment were plated onto upper chambers. Each sample was
assayed in triplicate. The cells invaded into the lower chamber were fixed,
stained using 1% toluidine blue, and six randomly selected were counted. Each
experiment was repeated at least twice.

Quantitative PCR. Total RNAs were extracted from PCa cells using Trizol
(Invitrogen, Carlsbad, CA, USA). Reverse transcription was performed using
the iScript reverse transcription kit (Bio-Rad). Quantitative real-time PCR analyses
using the comparative CT method were performed on a Bio-Rad CFX96
Sequence Detector System using the SYBR Green PCR Master Mix kit (Perkin
Elmer, Applied Biosystems, Wellesley, MA, USA) according to the manufacturer’s
instructions. After an initial incubation at 50 1C for 2 min and 10min at 95 1C,
amplification was performed for 40 cycles at 95 1C for 20 s, 65 1C for 20 s, and
72 1C for 30 s. Specific primer pairs were determined with the Primer-Express
program (Applied Biosystems, Foster City, CA, USA). The PSA primer pairs were
50-AGGCCTTCCCTGTACACCAA-30 and 50-GTCTTGGCCTGGTCATTTCC-30.
The mouse NKX3.1 primer pairs were 50-CCGGAGGACCCACCAAGTAT-30 and
50-CCTGGATTATGTTCACAGTCCAA-30. The human CCL2 primer pairs were
50-CAGCCAGATGCAATCAATGCC-30 and 50-TGGAATCCTGAACCCACTTCT-30.
The mouse CCL2 primer pairs were 50-TAAAAACCTGGATCGGAACCAAA-30 and
50-GCATTAGCTTCAGATTTACGGGT-30 The normalization control used was
b-actin, 50-TCACCCACACTGTGCCCCATCTACGA-30 and 50-CAGCGGAACCGC
TCATTGCCAATGG-30 for human, and 50-GTGACGTTGACATCCGTAAAGA-30

and 50-GCCGGACTCATCGTACTCC-30 for mouse.

Western blot. Cells were washed with 1� PBS and scraped into a lysis
buffer containing the proteinase inhibitor cocktail (Roche, Nutley, NJ, USA).
Protein concentrations were measured with the BCA protein reagent (Pierce
Chemical, Rockford, IL, USA). Approximately 50 mg of protein/lane were loaded
and run on the polyacrylamide gel with a Tris/glycine running buffer system and
then transferred onto a PVDF membrane. The antibodies, PIAS3 from Abcam
(Cambridge, UK), STAT3 and pSTAT3 from Cell Signaling (Danvers, MA, USA),
CCL2 from Sigma (St. Louis, MO, USA), Actin from Santa Cruz Biotechnology with
dilutions of 1 : 500 to 1 : 1000 were incubated overnight in the cold room with
vigorous shaking. The horseradish peroxidase-conjugated secondary antibody
(Pierce Chemical) was used and the signals were detected by adding the
enhanced chemiluminescence western blotting detection reagents (Amersham
Biosciences, Piscataway, NJ, USA). The quantification of western blotting results
was done by Image Lab statistic software (Bio-Rad).

Orthotopic-injected mice model. Male 6- to 8-week-old nude mice were
purchased from NCI (Bethesda, MD, USA). The Matrigel mixture with 1� 106

TRAMP-C1 cells were orthotopically injected into both anterior prostates. When
the tumors were palpable after 2 weeks of implantation, the mice were randomly
assigned into four experimental groups and treated with either vehicle, 30mg/kg
Casodex, 30mg/kg MDV3100, or 75mg/kg ASC-J9, by i.p. injection three times
per week for 3 weeks. The mouse body weights were monitored weekly during the
3 weeks of treatment. After killing, the primary and metastatic (regional and distal)
tumor volumes were measured. The tissue samples were then fixed and
processed as paraffin tissue sections, the tumor lesions were confirmed by HE
staining.

Immunohistochemistry. Tumor tissues were fixed in 4% neutral buffered
para-formaldehyde and embedded in paraffin. The primary antibodies of the rabbit
anti-pSTAT3 (Cell Signaling), the rabbit anti-CCL2 (eBioscience, San Diego, CA,
USA) and the rabbit anti-F4/80 (Abcam, Cambridge, UK) were used for staining.
The primary antibody was recognized by the biotinylated secondary antibody
(Vector, Burlingame, CA, USA), and visualized by VECTASTAIN ABC peroxidase
system and peroxidase substrate DAB kit (Vector). The positive staining signals
were semiquantitated by ImageJ software.

Statistics. Data are presented as the means±S.E.M. for the indicated number
of separate experiments. The statistical significance of differences between two
groups of data was analyzed by paired t-test or Fisher’s exact test and P-values
o0.05 were considered significant. In the in vivo animal experiments,
measurements of tumor volume and body weights among the four groups were
analyzed through one-way ANOVA coupled with the Newman–Keuls test.
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