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Abstract

Targeting the PI3K pathway is a promising strategy for
treating prostate cancers with PTEN-loss. However, current
anti-PI3K therapies fail to show long lasting in vivo effects. We
find that not only the PI3Ka- and PI3kb-isoforms, but also
PI3Kd, are associated with the epithelial–mesenchymal tran-
sition (EMT), a critical process distinguishing indolent from
aggressive prostate cancer. This suggests that cotargeting
PI3Ka/b/d could preempt the rebound activation of the par-
allel pathways induced by a- or b-isoform–selective inhibitor
and prevent EMT. Indeed, BAY1082439, a new selective

PI3Ka/b/d inhibitor, is highly effective in vivo in inhibiting
Pten-null prostate cancer growth and preventing EMT in the
mutant Pten/Krasmetastatic model. The anti-PI3Kd property
of BAY1082439 further blocks B-cell infiltration and lym-
photoxin release, which are tumor microenvironment fac-
tors that promote castration-resistant growth. Together, our
data suggest a new approach for the treatment of prostate
cancer by targeting both tumor cells and tumor microenviron-
ment with PI3Ka/b/d inhibitor. Mol Cancer Ther; 17(10); 2091–9.
�2018 AACR.

Introduction
Prostate cancer is among the most common malignancy in

males, and the second leading cause of male cancer-related
death in the Western world (1). Activation of the PI3K pathway,
either through loss-of-function mutations in the PTEN tumor
suppressor gene or by gain-of-function alterations in compo-
nents of the PI3K pathway, is associated with adverse outcomes
of prostate cancer (2). Among the various PI3K isoforms, the
PI3Kb subunit is predominantly activated in PTEN-loss–
induced prostate cancer in the genetically engineered Pten
conditional knockout mouse model (Pb-Creþ;PtenL/L, CP mod-
el; refs. 3, 4). However, selective inhibition of PI3Kb showed no
significant antitumor efficacy in PTEN-null prostate cancer cell
lines due to compensatory activation of the PI3Ka isoform,
whereas selective inhibition of the PI3Ka isoform resulted in
rebound activation of PI3Kb in breast tumors with a PIK3CA
activating mutation (5–7). Therefore, simultaneously inhibit-

ing both PI3Ka and PI3Kb activities may be a promising
strategy for the treatment of cancers with PTEN loss or PI3K
activation.

The epithelial-to-mesenchymal transition (EMT) is a poten-
tial mechanism by which prostate cancer cells acquire lethal
metastatic features and mediate therapeutic resistance (8–10).
We have demonstrated previously that combined activation of
the PI3K pathway by PTEN-loss and the MAPK pathway by
KRASmut in the mouse prostate (Pb-Creþ;PtenL/L;KrasR12D/L, CPK
model) mimics late-stage metastatic prostate cancer with EMT
features (11, 12). Although prostate epithelial cells derived
from the CPK model are highly sensitive to PI3K and MAPK
inhibitors, CPK prostate cells with EMT and mesenchymal
features are resistant to these treatments through an unknown
mechanism (13).

Androgen deprivation therapy (ADT) is the mainstream
treatment for prostate cancer. However, many patients prog-
ress to highly aggressive castration-resistant prostate cancer
(CRPC) within 2 years (14). Various hypotheses for CRPC
growth have been investigated, such as amplification, muta-
tion, and splice variants of the androgen receptor (AR) gene
(14); cross-talk between the PI3K and AR signaling pathways
(15, 16); EMT (8–11); and neuroendocrine differentiation
due to lineage plasticity (17). Recently, the role of tumor-
infiltrating leukocytes in prostate cancer and CRPC progression
has been revealed (18, 19), suggesting that simultaneously
targeting both cancer cell-intrinsic and tumor microenviron-
ment pathways is crucial for the treatment of prostate cancer
and preventing CRPC development.

In this study, we tested the in vitro and in vivo efficacy of
BAY1082439 (20), a new, selective PI3K inhibitor with equal
potency against PI3Ka/b/d isoforms, in treating prostate cancer
with PTEN-loss. We show that BAY1082439 targets the major
nodes of Pten-null prostate cancer initiation, progression, and
castration-resistant growth.
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Materials and Methods
Animals

Pb-Creþ;PtenL/L, andPb-Creþ;PtenL/L;K-rasG12D/Wmicewere gen-
erated as described previously (4, 11). All animal experiments
were approved by the Ethics Committee of the Peking University
(Beijing, China) with ID LSC-WuH-1.

Inhibitors
BAY1082439 was provided by Bayer AG. TGX-221, BYL-719,

CAL-101, azacitidine, flutamide, and rapamycin were purchased
from Selleckchem.com.

Cell culture
The LNCaP and PC3 cell lines were purchased from ATCC in

2014; no further cell line authentication was conducted by
authors. The CaP2, CaP8, and PKV cell lines were established
and cultured as described previously (13, 21). Isolated splenic
cells were cultured in RPMI1640 medium with 10% FBS and
stimulated with 10 mg/mL LPS (Sigma-Aldrich) and 1 mg/mL anti-
CD40 (BioLegend).

Protein and RNA analysis
Protein was extracted with 1% SDS-lysis buffer and separated

by 10% SDS-PAGE. The following antibodies were used:
Actin from Santa Cruz Technology (sc-1616); P-AKT (4060), AKT
(4691), P-S6 (5364), S6 (2317). P-ERK1/2 (4370), ERK (4695)
from Cell Signaling Technology. RNA was extracted then reverse
transcribed usingKit fromPromega (LS1040) andVazyme (R223-
01). Quantitative PCR was achieved using Invitrogen SYBR
Green Supermix.

In vitro drug treatment assays
The cell growth, apoptosis, and cell cycleweredeterminedusing

kits fromDojindo (CK08), BD Pharmingen (559783), andMulti-
Sciences (CCS012). PKV cell drug treatment was performed as
described previously (13). For Lta/Ltb assay, 2 � 104 cells were
plated in 12-well plate with Lta/Ltb (from PeproTech, 5 ng/mL),
flutamide (from Selleck, 10 mmol); after 5 days, the cells were
digested and then the total cell number was counted by cell
counting chamber.

In vivo drug treatment
BAY1082439 was dissolved in 0.1 N HCL at 75 mg/mL and

orally administered at a dose of 50 or 75 mg/kg/day. The phar-
macokinetic profile of BAY1082439 in mice exhibits very large
volumeof distribution (5.2–5.7 L/kg), high clearance (15 L/h/kg),
and a t1/2 of 0.4 hour.

For PC3 xenograft study, cells were cultivated according
to ATCC protocol, then harvested for transplantation in a
subconfluent (70%) state. Approximately, 3 � 106 cells sus-
pended in 50%Matrigel were injected into the left flank of male
nude mice. Tumors were allowed to grow to the size of 25 to
50 mm2 before being randomized to vehicle or BAY1082439
treatment group.

Histologic and IHC analysis
HE and IHC staining was performed as described previously

(4). The following antibodies were used: AR (sc-816) from Santa
Cruz Technology; Vimentin (5741), E-Cadherin (3195), P-AKT
(S473;4060), P-STAT3 (Tyr705;9145),and CD19 (90176) from

Cell Signaling Technology; anti-Ki67 (15580), anti-aSMA
(ab5694), and B220 (553084) from Abcam.

Tissue dissociation, single-cell suspension, and FACS analysis/
sorting

Single-cell suspensions from prostate tumor and spleen and
FACS analysis were performed as described previously (19). The
separation of epithelial, EMT, and mesenchyme-like cancer cells
from CPKV prostate tumor tissue was done as described previ-
ously (13).

Methylation profile analysis
Bisulfite sequencing libraries were prepared from separated

epithelial, EMT, and mesenchymal-like cancer cells of CPKV
prostate tissues. The RRBS libraries were aligned by BS-Seeker2
(http://www.biomedcentral.com/1471-2164/14/774), and dif-
ferentially methylated sites (DMS) were calculated by CGmap-
Tools (https://doi.org/10.1093/bioinformatics/btx595).

The relationship between PI3Kd expression and DNA methyl-
ation profile was obtained by analysis of 494 prostate adenocar-
cinoma sample data from cBioPortal.org.com (TCGA, provisional
datasets).

Accession numbers
Gene expression datasets of E/EMT/M prostate tumor cells

are available at Gene Expression Omnibus under accession
numbers GSE67879. Methylation profile analysis data are
available at sequence read archive (SRA) under accession num-
bers SAMN09389193.

Data analysis
Graphpad Prism softwarewas used to calculatemeans and SDs.

The Student t test or two-way ANOVA were used to determine
statistical significant, and P < 0.05 was considered statistically
significant.

Results
The PI3Ka/b/d inhibitor BAY1082439 is more effective than
PI3Ka- and/or PI3Kb-selective inhibitors in blocking PTEN-
null prostate cancer cells growing in vitro

To test whether BAY1082439 (Supplementary Fig. S1A) could
achieve better efficacy by preventing rebound activation of the
PI3K pathway, we treated PC3 and LNCaP cells, both PTEN-null
human prostate cancer cell lines, with various concentrations of
BAY1082439 for 72 hours. BAY1082439 effectively inhibited cell
growth (Fig. 1A) by blocking the G1/S cell-cycle transition and
by inducing apoptosis (Supplementary Fig. S1B-C). The PI3Kb-
specific inhibitor TGX-221 and the PI3Ka-specific inhibitor BYL-
719 were significantly less effective in inhibiting cell growth and
blocking the G1 to S transition (Fig. 1A; Supplementary Fig. S1C).
In isogenic PC3 PTEN-WT and PTEN-null cells, PTEN-null cells
were three orders of magnitude more sensitive to BAY1082439
thanWT cells (Fig. 1B), indicating a wide, PTEN status-dependent
therapeutic window. In both human prostate cancer cell lines and
the CaP8 and CaP2 cell lines derived from the CP mice (21),
BAY1082439 prevented the feedback activation of the PI3K
pathway and the rebound AKT phosphorylation seen with
TGX-221 treatment (Fig. 1C and D), and demonstrated equal
potency to inhibit cell growth as the combination of the PI3Ka
and PI3Kb inhibitors TGX-221 and BYL-719 (Fig. 1E).
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BAY1082439 is effective in preventing Pten-null prostate cancer
progression in vivo.

On the basis of the superior and sustainable activity of
BAY1082439 to inhibit AKT phosphorylation of human and
mouse PTEN-null prostate cancer lines (Fig. 1C and D), we tested
the effect of BAY1082439 in vivo. CP mice were treated with
75 mg/kg of BAY1082439 daily, starting at 6 weeks when PINs
form, and ending at 10 weeks when untreated tumors progress to
localized adenocarcinoma (Fig. 2A). BAY1082439 was well tol-
erated over the course of the study (Supplementary Fig. S2). In
comparison with the vehicle controls, the BAY1082439 treatment
group showed significantly decreased tumor size and P-AKT
staining, nearly normal luminal architecture (Fig. 2B; Supplemen-
tary Fig. S3A), and a significant reduction of Ki67þ cells (Fig. 2C).
Smooth muscle actin (SMA) staining indicated no local invasion

in the BAY1082439 treatment group compared with vehicle
controls (Supplementary Fig. S3B). We also tested the effect of
BAY1082439 on PC3 xenograft tumors in vivo that harbors PTEN
and P53 mutations. BAY1082439 can significantly inhibit the
human prostate cancer growth as compared with vehicle controls
(Fig. 2D). Together, these results showed that BAY1082439 effec-
tively prevented prostate cancer progression in the clinically
relevant CP model and inhibited aggressive human prostate
cancer cell growth in vivo.

The PI3Kd isoform is upregulated during the EMT process and
can be effectively inhibited by BAY1082439

We have previously demonstrated EMT and mesenchymal-like
prostate cancer cells isolated from the CPK model (PKV cells) are
more resistant to the PI3K/mTOR inhibitor PKI-587 and the MEK

Figure 1.

PI3Ka/b dual-balanced inhibitor BAY1082439 inhibits proliferation of PTEN-null prostate cells in vitro. A, LNCaP and PC3 cells were treated with BAY1082439,
TGX-221, or BYL-719 in different concentrations and the inhibition effects on cell growth were analyzed. B, PC3-WT and PC3-PTEN null cells were treated with
BAY1082439 at different concentrations and the effects on cell growth were analyzed. C, PC3 cells were treated with 1 mmol/L TGX-221 or BAY1082439 and
the effects on P-AKT (S473) and P-S6 (Ser 240/244) levels were analyzed by Western blot analysis; the fold change in P-AKT (S473) was determined by
densitometry analysis using total AKT as loading control. D, Cap2 and Cap8 cells were treated with BAY1082439 or TGX-221, P-AKT (S473) and P-ERK1/2
(Thr 202/204) levels were analyzed. E, LNCaP and PC3 cells were treated with BAY1082439 or TGX-221 þ BYL-719 in different concentrations and cell viability
was analyzed. For in vitro studies, each data point had 3 replicates and each experiment was repeated at least 3 times. Student t test was used for data
evaluation. �� , P < 0.01. BYL-719: PI3Ka inhibitor, TGX-221: PI3Kb inhibitor.
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inhibitor PD0325901 than epithelial tumor cells isolated from
the same in vivo model (13), suggesting that the response to
targeted therapies is not solely dependent on their primary genetic
alterations.

By analyzing RNA sequencing data derived from epithelial (E),
EMT, and mesenchymal (M)-like cancer cells of the CPK prostate
tissue andPKV cell lines established fromCPKprostate tumor (12,
13), we found that the expression of Pik3cbwas downregulated in
M-like cancer cells, while the expression of Pik3cd (PI3Kd) was
increased in EMT cells and further enhanced inM-like cancer cells
(Fig. 3A and B). The differential expression of Pik3cd is likely
controlled by an epigenetic mechanism, as evidenced by reduced
representation bisulfite sequencing (RRBS) analysis. The methyl-
ation level of Pik3cd promoter is decreased in M-like cancer cells,
whereas azacitidine treatment can increase Pik3cd expression in E
cancer cells (Fig. 3C and D). We also explored the relationship

between Pik3cdDNAmethylation andmRNA expression levels in
494 prostate cancer clinical samples from the Cancer Genome
Atlas (TCGA) dataset and found a negative correlation between
DNA methylation of the Pik3cd and its mRNA level (Fig. 3E).

Corresponding to their higher expression of Pik3cd, both the
EMT andM-like subpopulations weremore sensitive to the PI3Kd
inhibitor CAL-101 than the epithelial subpopulation (Fig. 3F).
Because BAY1082439 can potently inhibit PI3Kd activity (Sup-
plementary Fig. S1), we tested whether BAY1082439 could target
epithelial, EMT, and M-like states. BAY1082439 effectively inhib-
ited tumor cell growth in all three cell subpopulations with
comparable activity with the combination of the PI3Ka, b, and
d inhibitors BYL-719, TGX-221, and CAL-101 (Fig. 3G and H),
suggesting that BAY1082439 inhibits epithelial cancer cells pref-
erentially with its PI3Ka/b activity and suppresses M-like cancer
cells with additional activity against PI3Kd.

Figure 2.

PI3Ka/b dual-balanced inhibitor BAY1082439 inhibits proliferation of PTEN-null prostate cells in vivo. A, Experimental setup. B, HE and IHC staining. C, Ki67
index of prostate tumors frommice treatedwith BAY1082439 (n¼ 6) or vehicle (n¼ 6).D, The growth curves of PC3 xenograft tumors treatedwith vehicle (n¼ 8) or
BAY1082439 (n ¼ 8). Student t test was used for data evaluation. �� , P < 0.01.
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The ability of BAY1082439 to inhibit epithelial as well as EMT
and M-like cancer cells prompted us to test whether it could
prevent EMT in vivo. Six-week-old CPK mice were treated with
75 mg/kg BAY1082439 daily for 4 weeks (Fig. 4A). Significant
reduction in tumor weight was observed upon BAY1082439
treatment as compared with the vehicle group (Fig. 4B). Although
the vehicle-treated mice developed poorly differentiated invasive
carcinoma, the BAY1082439-treated mice had PIN lesions as
evidenced by intact SMA staining and a reduction in Ki67 index
(Fig. 4C). AlthoughEMT regions, definedbypositive epithelial (E-
cadherin) and mesenchymal (vimentin) markers, clearly
appeared in vehicle-treated mice (Fig. 4D, circled areas in the
right), no obvious EMT regions in BAY1082439-treated mice
could be observed (Fig. 4D). These data reveal that BAY1082439
effectively prevents and/or delays EMT-mediated invasive carci-
noma in CPK mice through inhibition of both epithelial and M-
like cancer cells.

BAY1082439 can inhibit castration-resistant tumor growth
Given the strong inhibitory effects of BAY1082439 on the PI3K

pathway and EMT, we tested its effect on CRPC growth. We
castrated CP mice at 10 weeks of age when the animals develop
invasive adenocarcinoma and compared castration-resistant
growth with or without BAY1082439 treatment 4 weeks later
(Fig. 5A). As a control, we also performed similar treatment with
rapamycin, an inhibitor targeting the PI3K downstream effector
mTOR. After 4weeks of castration, CPmice developedCRPCwith
increased Ki67-positive cells and diffuse AR staining (Fig. 5C). In
contrast, the prostates from the mice treated with BAY1082439
showed significant inhibition of the PI3K pathway and tumor cell
proliferation, as assessed by P-AKT level and Ki67 IHC, which led
to significant reduction in tumor weight (Fig. 5B and C; Supple-
mentary Fig. S4). Although rapamycin could also reduce tumor
weight (Fig. 5B), there were more Ki67þ tumor cells compared
with the BAY1082439-treated group (Fig. 5C).

Figure 3.

PI3Kd upregulation is a novel resistance mechanism for EMT and mesenchymal cells and BAY1082439 can target all three tumor cell states. A, RNAseq analysis
of Pik3ca, Pik3cb and Pik3cd expression levels in FACS-sorted epithelial (E), EMT and mesenchymal (M) cells from the CPKV tumor. B, RT-PCR analysis of Pik3ca,
Pik3cb and Pik3cd expression levels in E and M cells from CPKV cell line. C, DNA methylation status of Pik3cd gene assessed by RRBS in epithelial, EMT, and
mesenchymal cells. Bar height and color indicate methylation level of each CpG, and each detected CpG was marked with a circle. Red triangle indicates position
of DMS. D, RT-PCR analysis for Pik3cd expression levels in E cells from the PKV tumor cell line after treatment with azacitidine. E, Negative correlation
between PIK3CD gene DNA methylation and mRNA expression in prostate cancer database of TCGA (right). PKV cells were treated with CAL-101 (F), BAY1082439
(G), or BYL-719þTGX-221þCAL-101 (H). Cell growth rate in epithelial, EMT, and mesenchymal cells was analyzed, Data, mean � SD. Student t test was used.
Three replicates in each study. � , P < 0.05, �� , P < 0.01. ��� , P < 0.001.
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BAY1082439 can block B-cell infiltration and lymphotoxin-
mediated survival signaling from tumor microenvironment.

Recent studies revealed that lymphotoxin produced by B cells
and can promote CRPC growth (18). We also found increased
B-cell infiltration in castrated prostate tumor (Supplementary
Fig. S5A) and lymphotoxin can promote growth of cell line
derived from CP mice tumor (Supplementary Fig. S5B).
BecausePI3Kd is important for B-cell receptor signaling (22),
we hypothesized that BAY1082439 may be effective in sup-
pressing PI3Kd-driven B cell–dependent tumor-promoting sig-
naling. Indeed, BAY1082439 was more effective at inhibiting
the growth of freshly isolated splenic B cells in vitro when
compared with the PI3Kd-specific inhibitor CAL-101, whereas
rapamycin had no obvious effect (Supplementary Fig. S6A).
Quantitative FACS and IHC analyses showed that compared
with castrated mice, BAY1082439 treatment led to significantly
decreased tumor infiltrating B cells (Fig. 6A and D; Supple-
mentary Fig. S6C) whereas the number of infiltrating CD8þ T
cells was not changed (Supplementary Fig. S6B). Cxcl13 expres-
sion, a B-cell chemotactic chemokine, was decreased upon
BAY1082439 treatment in the tumor lesion (Fig. 6B). Further-
more, the mRNA levels of B-cell–released lymphotoxin-a and b
(Lta and Ltb) were significantly reduced in BAY1082439-treated
tumor remnants (Fig. 6C).

Histologically, B220þ B cells were surrounded by Ki67þ tumor
cells in the castrated and rapamycin-treated prostates (Fig. 6D, top
and bottom). These Ki67þ cells are almost absent in the
BAY1082439-treated tumor remnants (Fig. 6D, middle), suggest-
ing that infiltrating B cells may promote tumor growth. The LTA
and LTB heterotrimer promotes androgen-independent growth
via LTBR-mediated activation of IKKa andSTAT3phosphorylation
(P-STAT3) (ref. 18). In line with reduced B-cell infiltration and Lta
and Ltb expression, we also observed that the P-STAT3 level was
significantly reduced in castrated BAY1082439-treated prostates
(Fig. 6E). However, the number of tumor-infiltrating B cells, the
Cxcl13 and Ltb expression levels, as well as the P-STAT3 level were
not changed after rapamycin treatment (Fig. 6A–E), indicating that
the CXCL13/lymphotoxin/P-STAT3 pathway may support CRPC
growth in the rapamycin treatment group. Together, these results
support the notion that BAY1082439 not only targets cancer cell-
intrinsic proliferation and survival pathways by inhibiting PI3Ka
and PI3Kb, but also suppresses castration-induced EMT and inhi-
bits B-cell–driven tumor-promoting signaling pathways.

Discussion
Attempts at developing effective anti-PI3K inhibitors for

the treatment of prostate cancer and other human cancers have

Figure 4.

BAY1082439 effectively prevents EMT-mediated invasive carcinoma. A, Six-week-old CPK mice were treated with vehicle (n ¼ 3) or BAY1082439 (n ¼ 3).
B, Average prostate weight was analyzed. C, HE and IHC staining of CPK prostate tumors treated with BAY1082439 or vehicle. D, IHC staining of E-cadherin
and vimentin from CPK prostate tumors treated with BAY1082439 or vehicle. Data, mean � SD. Student t test was used. � , P < 0.05, �� , P < 0.01.
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been hindered by insufficient efficacy and/or therapeutic window
(23–25) as well as the development of resistance mechanisms
involving feedback and parallel pathways (5–7, 26). We demon-
strate in this study that BAY1082439, a new PI3Ka/b/d inhibitor,
has much higher efficacy to inhibit PTEN-null prostate cancer cell
growth than the a- and b-isoform specific inhibitors BYL-719 and
TGX-221 by blocking the mutual feedback activation between
PI3Ka and PI3Kb. BAY1082439 also inhibits prostate cancer
progression in preclinical Pten-null prostate cancer model and
shows the therapeutic potential for aggressive human PC3 xeno-
graft tumor in vivo.

A recent study identifies an alternative spliced variant of the
PIK3CD (PIK3CD-S) in prostate cancer specimen, which is
associated with poor survival and resistance to CAL-101
(27). We show in this study PI3Kd isoform is differentially
expressed in epithelial, EMT, and M-like cells by an epigenetic
regulatory mechanism, and reveal that BAY1082439 effectively
suppresses EMT-mediated cancer progression by blocking
PI3Kd. Furthermore, research is needed to study the potential
alternative splice events in the Pik3cd and other cancer driver
genes during EMT and M-like cells and test the sensitivity

of BAY1082439 in human prostate cancers that carry the
PIK3CD-S variant.

Although most men initially respond to ADT, but its ther-
apeutic benefits are shortlived, and some patients succumb to
CRPC within 18 to 24 months (14). Here, we show in Pten-null
mouse model that coinhibiting EMT and the PI3K pathway by
BAY1082439 and shutting down AR signaling by castration
leads to significant inhibition of CRPC growth. Recent studies
have highlighted the potential role of tumor infiltrating B cells
in CRPC development (18). Similar to subcutaneous Myc-CaP
and spontaneous TRAMPmouse models (18), we also observed
significant increases in B-cell tumor infiltration, lymphotoxin
release, and upregulated STAT3 signaling in our castrated
Pten-null prostate cancer model. Importantly, BAY1082439,
with its anti-PI3Kd activity, can effectively reduce the number
of infiltrating B cells and suppress lymphotoxin a/b release,
STAT3 activation, and androgen-independent growth in
castrated tumor tissue.

In summary, our results highlight the unique role of
BAY1082439 in targeting multiple PI3K isoforms that are critical
for prostate cancer progression and therapeutic resistance.

Figure 5.

BAY1082439 inhibits CRPC growth. A, Ten-week-old CP mice were castrated, then treated with vehicle (n ¼ 10), BAY1082439 (n ¼ 8) or rapamycin (n ¼ 5).
B, Prostate tumor weight was analyzed. C, HE and IHC staining of castrated prostate tumors under different treatments. Student t test was used. � , P < 0.05.
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BAY1082439 may also have considerable clinical benefit by
avoiding the potential side effects caused when combining mul-
tiple isoform-specific inhibitors. Our results also suggest that
cotargeting the cell-intrinsic andmicroenvironment pathways are
essential for late-stage prostate cancers and should be further
explored.
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from castrated CPmice treatedwith vehicle, BAY1082439, or rapamycin. Data inA toC are represented asmean� SD. Two-wayANOVAwas used inA. Student t test
was used in D and E. Three replicates were analyzed in A to C. � , P < 0.05, ��, P < 0.01
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