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ARTICLE INFO ABSTRACT

Keywords: Neoadjuvant hormonal therapy (NHT) prior to radical prostatectomy (RP) is an approach that can potentially
miRNA maximize survival outcomes in prostate cancer (PCa) patients with high-risk disease. Unfortunately, subsets of
CREB5

patients do not respond well to such hormonal therapy. We previously identified several pathological parameters
in predicting differences in response to NHT of PCa. However, little is known about the potential role and mech-
anism of miRNAs mediated NHT resistance (NHT-R) in PCa. Here we demonstrate that miR-142-3p, miR-150-5p
and miR-342-3p are the top downregulated miRNAs in PCa tissues with NHT-R. Functional analysis reveals that
the three miRNAs inhibit cell proliferation in vitro. Transfection of miRNAs mimics strengthens the inhibitory
effects of bicalutamide and enzalutamide to PCa cells. Luciferase reporter assay reveals that CREB5 is the com-
mon target of these three miRNAs. Clinically, high expression level of CREB5 correlates with high Gleason score,
advanced tumor stage and NHT-R in PCa tissues. CREB5 expression promotes antiandrogen therapy resistance in
LNCaP cells and IL6 signaling pathway may be involved in this process. In all, our findings highlight an important
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role of miR-142-3p, miR-150-5p, and miR-342-3p in contributing NHT-R by targeting CREB5 in PCa.

Introduction

Neoadjuvant hormonal therapy (NHT) is defined as neoadjuvant an-
drogen blockage therapy that is administered before radical prostate-
ctomy (RP) or radiotherapy (RT). NHT has shown a beneficial effect
in lowering the pathologic T stage, decreasing the number of positive
lymph node and positive surgical margin rate [1], especially in patients
with localized high risk prostate cancer (HRPCa) [2-8]. Unfortunately,
subsets of patients do not respond well to such hormonal therapy. Re-
sistance mechanisms against hormonal therapy have already been de-
scribed, including androgen receptor (AR)-based mutations, alterations
in the PTEN-PI3K-Akt pathway, and mutations in DNA damage repair
genes [9]. By contrast, possible resistance mechanisms to NHT before
RP in HRPCa are unclear. Previously, we have quantified the tumor re-
sponse to NHT with a new proposed pathological grading system and
identified several pathological parameters in predicting response of NHT
[10].

* Corresponding authors.

MicroRNAs (MiRNAs) are a class of small endogenously expressed
non-coding RNAs, which play important roles in cell development, dif-
ferentiation, proliferation, apoptosis, cancer invasion and metastasis
[11]. Over the past decades, a number of studies have highlighted the
role of dysregulated miRNAs in driving drug resistance [12,13]. Fat-
tore et al. reported that reprogramming miRNAs global expression is
the central cascade of targeted therapy resistance in BRAF-mutated
metastatic melanoma by alteration of cell intrinsic proliferation and sur-
vival pathways [14]. In breast cancer, miR-489 has been shown to re-
verse chemotherapy resistance and induce drug related apoptosis via
the PI3K/Akt pathway by targeting SPIN1 [15]. In PCa, multiple stud-
ies have demonstrated aberrant expression of miRNAs, such as miR-346,
miR-361-3p and miR-197 [16], modulate antiandrogen resistance in cas-
tration resistant prostate cancer (CRPC) by targeting the AR signaling
pathways [17-22]. Previously, we revealed the role of miR-30a induced
cell cycle modulation and miR-17-92 cluster related neuroendocrine dif-
ferentiation in castration-resistant development [23,24]. However, little
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is known about the mechanism of miRNAs in modulating NHT resis-
tance (NHT-R) of PCa. A better understanding of NHT-R mechanisms
is important to improve stratification of PCa patient who receive NHT
therapeutic strategies.

The gene cAMP responsive element binding protein 5 (CREB5), a
transcription factor, has been shown to be upregulated in a series of
malignances, including carcinoma of the kidney, ovary, liver, etc. In
addition, amplification and overexpression of CREB5 promotes CRPC
though significant transcriptomic reprograming of AR with FOXA1 re-
quired [25,26]. In the current study, we show for the first time that
miR-142-3p, miR-150-5p and miR-342-3p might play an important role
in localized HRPCa with NHT-R. These three miRNAs may modulate
NHT sensitivity through targeting CREB5.

Materials and methods
Patients

The clinicopathological data of this study was described as previ-
ously [10]. In brief, a total of 85 locally HRPCa patients with matched
pairs of diagnostic needle biopsies and RP specimens were included.
All patients received preoperative NHT (Leuprorelin/Goserelin + bica-
lutamide) for at least 3 months. According to our previously grading
system criteria, all patients were categorized into 5 groups from Grade
0-4. Patients with Grade 0-1 were considered as NHT-R group and Grade
2-4 as NHT sensitive (NHT-S) group. NHT-R patients were defined as no
response or less than 30% reduction of tumor cellularity in residual dis-
ease by comparing with pretreatment needle biopsies. This study was
approved by Shandong University Medical Research Ethics Committee
and informed consent was obtained from each patient.

MicroRNA microarray, mRNA profiling and bioinformatics analysis

Ten pre-NHT needle biopsy samples were used for microarray
profile. Agilent Human miRNA Microarray chips (Agilent, California,
USA) analysis was performed on 5 PCa cases with NHT-R and 5
cases with NHT-S as previously described [27]. mRNA microarray
profiling (Kangcheng, Shanghai, China) was used to compare the
mRNA expression in LNCaP cells upon CREB5 overexpression. The
microarray data were deposited into the NCBI’'s Gene Expression
Omnibus (GEO) Repository (http://www.ncbi.nlm.nih.gov/geo) and
are now accessible through GEO series accession number GSE186994
and GSE186380, respectively. The Cancer Genome Atlas (TCGA)
datasets were downloaded from (http://gdac.broadinstitute.org/).
Datasets of GSE21032, GSE116918 and GSE141551 were down-
loaded from the Gene Expression Omnibus (GEO) database
(http://www.ncbi.nlm.nih.gov/geo). The expressed genes were ana-
lyzed for enrichment of biological themes using Gene Set Enrichment
Analysis (GSEA) (http://software.broadinstitute.org/gsea/index.jsp).
Enrichment score of miRNAs targets signatures and AR related
signatures were quantified by ssGSEA in R package GSVA. The signa-
tures were downloaded from molecular signature database of GSEA
(https://www.gsea-msigdb.org/gsea/msigdb/index.jsp).

Cell culture and reagents

Human PCa cell lines LNCaP, VCaP, 22RV1, C4-2B and HEK-293T
were obtained from the American Type Culture Collection (Rockville,
MD, USA) and cultured following ATCC’s instructions. Cells were au-
thenticated again by short tandem repeat analysis before our study. The
enzalutamide-resistant cell line LNCaP-ENZR was established as previ-
ously described [28]. In the relevant experiments of bicalutamide or
enzalutamide, charcoal-stripped fetal bovine serum medium (CS-FBS)
was used. Cells were all cultured at 37°C with 5% CO,. Enzalutamide
(HY-70002, Med Chem Express) and bicalutamide (B803285, Mack Lin)
were prepared according to the manufacturers’ instructions.
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Plasmids and cell transfection

CREB5 (Gene ID: 9586; NM 001011666.3, vector: pEN-
TER) cDNA expression vectors were designed and synthesized
by GenePharma (Shanghai, China). siRNA against CREB5 (5'-
CCAGCAUAAUACCAUCACUTT-3"), and miR-142-3p, miR-150-5p,
miR-342-3p mimics/inhibitor, and the respective negative controls
were purchased from GenePharma (Shanghai, China). The sequence of
the three miRNA mimics/inhibitor and the negative control were shown
in Table S1. Lipofectamine 3000 (Invitrogen, Carlsbad, CA) was used
for transfection following the manufacturer’s instruction. The effect of
transfection efficiency was confirmed using quantitative real-time PCR
(RT-qPCR) and Western blot assay.

RNA isolation and RT-qPCR assays

Total RNA was extracted with Trizol reagents (Invitrogen, Carlsbad,
CA) following the manufacturer’s instructions. MiRNA was extracted ac-
cording to the manufacturer’s instruction of high pure miRNeasy FFPE
Kit (Bioteke, Beijing, China). ReverTra Ace qPCR RT kit and SYBR Green
PCR kit (Toyobo, Japan) were used to examine the mRNA levels (TOY-
OBO, Japan). GAPDH was used as an internal loading control for mRNA.
Pre-U6 was used as an endogenous control for pre-miRNA. For detecting
mature miRNA, RT-qPCR assay was performed using All-in-One miRNA
qRT-PCR Detection Kit (GeneCopoeia, USA). The sequence of primers
used are shown in Table S2.

In vitro proliferation and colony formation assays

Assays were performed according to the protocols as previ-
ously described [28,29]. Cell proliferation was measured by EdU
assays (Ribobio, Guangzhou, China), 3-(4,5-dimethylthiazol-2-yl)-5-
(8-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium inner salt
(MTS) assays (Promega, Madison, WI, USA) or colony formation assays
according to the manufacturer’s protocol. For colony formation assays,
cells were cultured for two weeks followed by staining with crystal vio-
let and photography. Colonies containing more than 50 cells are counted
and plotted.

Dual luciferase assay

Dual luciferase assay was performed as previously described [30].
HEK-293T cells were used to perform the luciferase assay. The wild
and mutant potential recognizing regions of miR-142-3p, miR-150-
5p, miR-342-3p in 3’UTR region of CREB5 were subcloned into pmir-
GLO vector (GenePharma, Shanghai, China), respectively. HEK-293T
cells were transiently transfected with reporter constructs together with
miRNA mimics and the corresponding control using Tuberfect transfec-
tion reagent (Thermo). Cells were lysed at 48h after transfection. Dual
luciferase assay reporter system was carried out according to the man-
ufacturer’s instructions (Promega).

Western blot

Western blot analysis was performed as previously described [31].
The membranes were incubated overnight with antibodies against
CREBS5 (G420, 1:300, Santa Cruz) and GAPDH (1:1000, Santa Cruz). Im-
munoreactivity was visualized using an enhanced chemiluminescence
kit (Millipore, Darmstadt, Germany).

Tissue microarray (TMA) construction and Immunohistochemistry (IHC)

Two TMAs were constructed using 1.0 mm cores and IHC was per-
formed as previously described [32]. Briefly, sections were incubated
overnight with primary antibody against CREB5 (Abnova, 8A5, USA.
1:300) at 4 °C. The slides were evaluated blindly by two independent
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observers (X.W. and B.H.). CREB5 expression was divided into two cat-
egories according to the nucleus staining intensity, negative (no stain-
ing) or weakly positive (only visible at high magnification); moderately
(visible at low magnification) or strongly positive (striking at low mag-
nification).

Statistics

Statistical analysis was carried out using SPSS 20.0 or GraphPad
prism 8.0 software. With P <0.05 being considered statistically signifi-
cant. Two-sided Student’s t test was used for two groups, one-way anal-
ysis of variance was used for statistical comparisons of three or more
groups. Receiver-operating characteristic (ROC) curve was dotted to
evaluate the diagnostic testing parameters. Correlation significance was
assessed using y2 and Fisher exact test. Figure legends specify the sta-
tistical analysis method performed.

Results
Characteristics of human subjects

The clinicopathological characteristics of 85 PCa cases with preop-
erative needle biopsies and matched RP specimens were described pre-
viously [10]. In brief, 62 out of 85 (73%) PCa cases were of NHT-S,
whereas 23 out of 85 (27%) patients were of NHT-R. Representative
morphological images of patients with NHT-S or NHT-R in RP speci-
mens were shown in Fig. 1A.

MiR-142-3p, miR-150-5p and miR-342-3p are downregulated in NHT-R
PCa tissues and correlated with high Gleason score

To search for potential miRNAs that are involved in NHT-R in PCa,
the expression levels of 1205 miRNAs were examined by microarray
profile using needle biopsy samples from 10 PCa patients with NHT
treatment before RP. Forty-three differentially expressed miRNAs were
identified between NHT-S (N = 5) and NHT-R (N = 5) tissues (Fig. 1B),
of which 24 miRNAs were significantly upregulated, while the other 19
miRNAs were significantly downregulated in NHT-R tissues compared
to NHT-S tissues. Among the top downregulated miRNAs, the expression
of miR-150-5p, miR-342-3p and miR-142-3p positively correlated with
each other in PCa patients according to TCGA data (Fig. S1A). Therefore,
we chose the three miRNAs for further study. To validate the expression
level of the three miRNAs in NHT-R PCa, RT-qPCR was performed in
patients who had received NHT in the Qilu cohort. As shown in Fig. 1C-
E, expression levels of the three miRNAs were significantly downregu-
lated in NHT-R group, compared with those of NHT-S tissues. Impor-
tantly, receiver operating characteristic (ROC) curve demonstrated that
the three miRNAs could clearly separate the NHT-R and NHT-S patients,
with the area under curve (AUC) of 0.839, 0.799 and 0.760, respectively
(Fig. 1F-H, P < 0.01). Bioinformatics analysis showed that the enrich-
ment score of miRNAs target signature were higher in NHT-R samples
than NHT-S ones, indicating lower miRNAs expression in NHT-R sam-
ples according to Tewari cohort [33] (Fig. 11). The relevance of miR-142-
3p and miRNA-342-3p with bicalutamide resistance was also confirmed
in GSE66035 data (Fig. 1J-K). In addition, we also found lower expres-
sion of the three miRNAs in tumors with Gleason score >8 than those of
tumors with Gleason score <8 (Fig. S1B-D, P < 0.05 or P< 0.01). These
findings suggest that decreased expression of the three miRNAs may be
responsible for resistance to NHT regimen of PCa patients.

MiR-142-3p, miR-150-5p and miR-342-3p attenuate antiandrogen
resistance in vitro

To determine the role of the three miRNAs in PCa cells, we firstly
compared the expression of the three miRNAs in androgen responsive
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LNCaP, VCaP cells and NHT-R cell line 22RV1 and LNCaP-ENZR. Expres-
sion of miRNAs in LNCaP-ENZR was significantly lower than that of the
parental LNCaP cell line. Of note, the 22V1 cell line, with deviant expres-
sion of AR-V7, failed to demonstrate low expression of three miRNAs
(Fig. S2A-C). MTS (Fig. 2A-D) assay and EdU (Fig. S2D) assay demon-
strated that these three miRNAs mimics significantly inhibited prolifer-
ation of LNCaP and VCaP cells, whereas transfection with inhibitors of
the three miRNAs promoted proliferation of PCa cells (P < 0.05).

MTS assay revealed that the IC50 value of bicalutamide was 44uM
in LNCaP cells (Fig. S2E). In an attempt to determine whether the three
miRNAs regulate antiandrogen therapy resistance, we found that exoge-
nous expression of three miRNAs increased sensitivity of LNCaP cells
to bicalutamide (Fig. 2E-G). In addition, transfection of miRNA mim-
ics strengthened the inhibitory effects of bicalutamide to LNCaP cells,
while transfection of inhibitors alleviated the suppressive effects of bi-
calutamide (Fig. 2H-N, S2F). Similar results were observed in NHT-R
LNCaP-ENZR and 22RV1 cells when treated with enzalutamide (Fig. 20-
P). These data indicated that the three miRNAs could attenuate antian-
drogen resistance in vitro.

CREBS is the direct target of miR-142-3p, miR-150-5p and miR-342-3p

Dysregulation of AR signaling is one of the major mechanisms that
drive NHT-R of PCa. As shown in Fig. 3A-D, transfection of three miR-
NAs mimics in LNCaP-ENZR and 22RV1 cells downregulated mRNA lev-
els of AR and AR target gene PSA, while transfection of the miRNA in-
hibitors increased the mRNA expression of AR and PSA. GSEA analysis
with TCGA data also revealed the negative correlation of miRNAs with
AR signaling (Fig. 3E). However, AR was not identified as target gene of
miRNAs according to prediction algorithms (MiRWalk, miranda, RNA22
and Targetscan). To characterize the molecular mechanism by which
the three miRNAs promote antiandrogen resistance, a total of 16 poten-
tial common targets were predicted on cross-comparison of four predic-
tion algorithms (MiRWalk,miranda,RNA22 and Targetscan) (Fig. 3F). Of
note, three of 16 genes, CREB5, AFF1 and CFLAR, were upregulated in
NHT-R tissue according to Tewari cohort (Fig. 3G). We further validated
the expression of CREB5, AFF1 and CFLAR in our LNCaP/LNCaP-ENZR
cell line. RT-qPCR results showed that CREB5 was the most upregulated
gene in LNCaP-ENZR cell line (Fig. S2G).

To verify whether the expression of CREB5 was actually regulated
by the three miRNAs, we evaluated the expression level of CREB5 after
transfection with mimics or inhibitor of these miRNAs in PCa cells. RT-
qPCR (Fig. S2H) and Western blot assays (Fig. 3H) revealed that exoge-
nous expression of the three miRNAs significantly reduced both mRNA
and protein levels of CREB5 in LNCaP cells. By contrast, inhibitors of the
three miRNAs enhanced CREB5 expression (Fig. 31, S2I). The predicted
3’-UTR sequence of CREB5 that interacted with the three miRNAs was
shown in Fig. 3J-K, in which the three recognizing regions of miR-142-
3p, two of miR-150-5p and one of miR-342-3p were included. To deter-
mine whether this effect was direct, we assayed luciferase reporter gene
expression in HEK-293T cells co-transfected with a pmirGLO-promoter
vector carrying the respective wild-type or mutant CREB5 3’UTR and
corresponding mimics of miR-142-3p, miR-150-5p, and miR-342-3p.
The relative luciferase activity was inhibited by mimics of three miR-
NAs, and such effects were not observed when treated with the mutant
construction of CREB5 3’UTR (Fig. 3L-N).

CREBS5 promotes proliferation of PCa cells

To perform gain- and loss- function analyses in vitro, the expression of
CREBS in PCa cells and transfection efficiency were shown in Fig. S3A-E.
MTS (Fig. 4A-B) and EdU (Fig. 4C-D) assays revealed that CREB5 overex-
pression resulted in significantly increased proliferation, while CREB5
knockdown inhibited cells proliferation activity. Colony formation as-
say (Fig. S3F) showed enhanced clonogenicity of LNCaP cells by CREB5
overexpression (P <0.05).
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Fig. 1. MiR-142-3p, miR-150-5p and miR-342-3p are downregulated in PCa tissues with NHT-R and associated with high Gleason score. (A) Representative HE images
of RP tissues of PCa with NHT-S and NHT-R. Morphological images of NHT-S patients - showing significantly reduced tumor cellularity (A1-A2). Morphological
images of intrinsic NHT-R cases - showing no identifiable reduction of tumor cells (A3-A4). (B) Hierarchical clustering of PCa samples in NHT-S (n = 5) and NHT-R
(n = 5) groups on the basis of differentially expressed miRNAs. Each row represents the expression level of an individual miRNA, and each column represents
an individual tissue sample. (C-E) Expression of miR-142-3p, miR-150-5p and miR-342-3p in PCa biopsy tissues with NHT-S or NHT-R in Qilu cohort. (F-H) ROC
curve showing sensitivity and specificity of miRNAs expression predicting NHT-R. (I) Enrichment score of signatures composed of target genes of miRNAs in NHT-S
and NHT-R samples according to Tewari cohort. The signatures composed of target genes of miRNAs were downloaded from MsigDB of GSEA (http://www.gsea-
msigdb.org/gsea/msigdb/index.jsp). Enrichment score were quantified by ssGSEA in R package GSVA. (J-K) Expression of miR-142-3p, miR-342-3p in LNCaP and
bicalutamide resistant LNCaP cells in GSE66035. Original magnification of H&E images, x 200. BC-R, bicalutamide resistant. P < 0.05. **P < 0.01.

CREBS5 promotes antiandrogen resistance in PCa cells

In an attempt to determine whether CREB5 regulates antiandro-
gen resistance, we found that CREB5 overexpression significantly de-
creased sensitivity to bicalutamide in LNCaP cells (Fig. 4E). The
IC50 value of bicalutamide was increased by 1.5 times (37.96 vs.
57.16, P<0.001) upon CREB5 overexpression. Enhanced CREB5 ex-
pression attenuates the inhibitory effect of bicalutamide on LNCaP
cells (Fig. 4F, P<0.01). In addition, exogenous expression of CREB5
blocked the sensitization of miRNAs to bicalutamide and enzalu-
tamide in LNCaP-ENZR and 22RV1 cells, respectively (Fig. 4G-J). RT-
qPCR results also revealed that overexpression of CREB5 increased
the mRNA expression of AR and PSA upon miRNA mimics trans-
fection (Fig. 4K-L). Taken together, these results indicated that the
three miRNAs promote antiandrogen resistance through CREB5 in PCa
cells.

IL6 signaling is involved in CREB5-mediated antiandrogen resistance

To study the underlying mechanisms by which CREB5 promotes
antiandrogen resistance of PCa cells, we performed GSEA in CREB5
transcriptomes in LNCaP cells with CREB5 overexpression and NHT-R
samples in Tewari cohort. We found IL6-JAK-STAT3 signaling pathway
genes were significantly enriched both in PCa cells with CREB5 overex-
pression (P=0.018, FDR=0.101) and NHT-R patients with CREB5 high
expression (P=0.039, FDR=0.102) (Fig. 5A-B). Previous studies have re-
vealed that IL6 not only plays an important role in PCa progression but
also contributes to CRPC [34,35]. Thereby we hypothesized that IL6
may be involved in this antiandrogen resistant processes. In addition,
in silico analysis revealed that the expression of CREB5 was strongly
related to IL6 expression in GSE141551 (Fig. 5C, r=0.61, P < 0.0001)
and TCGA cohort (Fig. 5D, r=0.63, P < 0.0001) respectively. Further-
more, exogenous expression of CREB5 could significantly upregulates
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the mRNA level of IL6 in LNCaP cells (Fig. 5E, P < 0.01). In addition,
transfection of miRNAs mimics decreased, while miRNAs inhibitor in-
creased the IL6 level in 22RV1 and LNCaP-ENZR cells (Fig. 5F-I). These
results indicated that IL6 signaling may be involved in CREB5-mediated
antiandrogen resistance.

CREBS is highly expressed in PCa tissues with NHT-R

To examine the correlation of CREB5 with NHT-R, we used IHC stain-
ing for CREBS5 in 85 preoperative needle biopsy samples from Qilu PCa
cohort (Table 1). Among the 23 PCa patients with NHT-R, 5 (22%)
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All data represent means + SD of at least three independent replicates.

cases showed negative or weak, whereas 18 (78%) were moderate or
strong expression (P < 0.05) (Fig. 6A1-A3). These results indicated that
CREBS expression is associated with NHT-R in PCa tissues. Moreover,
ROC curves were generated to validate the ability of CREB5 to predict
the NHT-R and NHT-S cases with the AUC of 0.674 (Fig. 6B, P = 0.014).
We also found high CREB5 expression was positively correlated with
high Gleason Score (Fig. 6C1-C3) and advanced pathological T stage

(P < 0.01) (Table 1). ROC curves demonstrated that CREB5 expression
could clearly separate and were generated to divide tumors with Glea-
son <8 and Gleason >8, with the AUC of 0.719 (Fig. 6D, P = 0.001). In
addition, an inverse correlation between CREB5 and the three miRNAs
expression was identified in PCa tissues (Fig. 6E-G), further supporting
that the three miRNAs regulate CREB5 expression. Transcriptome anal-
yses of TCGA data revealed that higher levels of CREB5 was proved to be
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correlated with high Gleason score (Fig. 6H) (P < 0.001), advanced clini-
cal stage (Fig. 61) (P < 0.05 or P < 0.01), pathological stage (Fig. 6J) (P <
0.001), and positive lymph node metastasis (Fig. 6K) (P<0.05). We also
found a significant gradual increase of CREB5 expression from benign
prostatic tissue via primary PCa tissues to metastasis (Fig. 6L, P < 0.05
or P < 0.01) (MSKCC). Significantly, patients with CREB5 high expres-
sion had worse disease-free survival (Fig. 6M, P=0.024) (MSKCC) and
biochemical recurrence-free survival (Fig. 6N, P = 0.002) (GSE116918).
These results suggest that CREB5 could be as a predictive biomarker in
antiandrogen resistance and aggressive biological behavior in PCa.

Discussion

HRPCa under NHT regimen have variable outcomes. Despite robust
targeting androgen axis, the pathologic complete response to NHT was
observed in less than 30% HRPCa patients [7]. Therefore, a subset of
patients who do not respond well to hormonal therapy may warrant

alternative treatment strategies. The aim of this study was to evaluate
the underlying mechanisms of NHT-R in these patients. Using miRNA
microarray analysis of PCa tissues with NHT-R and NHT-S, we identi-
fied a group of miRNA predictors of response to NHT for the first time.
More importantly, we built a linkage between a trio of tumor suppressor
miRNA (miR-142-3p, miR-150-5p and miR-342-3p) and NHT response
in PCa patients. Of note, these miRNAs showed prognostic value for NHT
response. Based on these findings, our study provides a general view of
the concept that miRNAs can directly regulate NHT response in PCa.
Thus far, to the best of our knowledge, multiple evidences have in-
dicated that miRNAs play important roles in treatment resistance and
emerged as treatment response predictor of various cancer [36]. It has
been reported that high level of miR-621 predicts pathological complete
response to paclitaxel plus carboplatin regimen neoadjuvant chemother-
apy in breast cancer patients [37]. Elrasheid et. al. reported a miR-
NAs signature, including miR-16 etc, to predict response to neoadjuvant
chemoradiation therapy in rectal cancer [38]. Moreover, Yukiko et. al
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Table 1
Clinicopathological analysis for CREB5 by immunohistochemistry in 85 PCa pa-
tients.
CREBS expression
Variables n Negative or weak Moderate or strong  P-value
Age (yr) Median (range) 85  68(47-79)  70(57-78)
Therapy Status 0.007
NHT-S 62 35 27
NHT-R 23 5 18
Pre-operative PSA (ng/ml) 0.156
<10 15 10 5
10-20 17 10 7
>20 53 20 33
Pre-operative Gleason Score 0.000
<8 29 22 7
>8 56 18 38
Surgical Margins 0.292
Positive 26 10 16
Negative 59 30 29
Pathologic Stage 0.004
p<T2 50 30 20
pT3 35 10 25

PCa, prostate cancer; NHT, neoadjuvant hormonal therapy; PSA, prostate specific

antigen.

identified a serum miRNAs signature for response of esophageal squa-
mous cell carcinoma to neoadjuvant therapy [39]. In the current study,
we found that high expression of a trio of tumor suppressor miRNA in
PCa patients predict better pathologic response to NHT. Previously, the
non-invasive detection of miR-150-5p and miR-142-3p as biomarkers of
PCa has been illustrated elsewhere [40,41]. Therefore, our new finding
not only highlighted the role of miRNAs in NHT-R of PCa for the first
time, but also provided possibility of non-invasive detection to screen
patients suitable for NHT.

Resistant mechanisms against hormonal therapy in CRPC progres-
sion has been extensively explored, including AR based aberrations and
genomic alterations of other oncogenes. However, the underlying mech-
anisms of CRPC and intrinsic NHT-R might be different, because of far
less mutagenic genomic feature of localized PCa when NHT regimens
were used. So far, possible resistance mechanisms to NHT before RP in
HRPCa are unclear. The pathology responses to NHT did not trend with
classical clinicopathological features, such as clinical stage and Glea-
son score, although the presence of intraductal carcinoma of PCa were
predictive of poor response to NHT [42]. Recent studies indicated the
value of genomic biomarkers, including PTEN loss, TP53 mutation and
ERG expression in distinguishing exceptional responders from poor re-
sponders to NHT [42]. Our previous study also revealed that PTEN loss
could be as a biomarker to predict response to NHT in HRPCa patients
[10]. Here, we found high level expression of CREB5 in NHT-R tumors.
Increased CREB5 expression results in bicalutamide resistance in PCa
cells due to down-regulation of miR-142-3p, miR-150-5p and miR-342-
3p. Results of Western blot assays in PCa cells and luciferase report as-
says in HEK-293T cells further validated CREB5 as direct target of the
three miRNAs.

CREBS is a transcription factor [43] overexpressed in various types
of human malignancies, such as carcinoma of the colon [44], ovary
[45] and liver [46]. Previously, Justin et. al reported that CREB5 inter-
acted with AR and sustained AR transcriptional program in the presence
of FOXA1 which resulted in CRPC [25]. In the current study, we found
the positive correlation of CREB5 and IL6-STAT3 pathway in PCa. It is
well known that IL6 is a key mediator in progression of PCa, including
metastasis, chemotherapy resistance, and development of CRPC [35].
Enhanced expression of IL-6 was frequently observed after androgen de-
privation and castration resistance in clinical setting [47]. Several stud-
ies showed that IL-6 activates AR expression and transcriptional activity
through STAT3 dependent pathway [48,49]. Overexpression of IL-6 en-
hanced PSA mRNA expression and can partially rescue LNCaP cells from

10

growth arrest induced by androgen deprivation therapy [50]. Based on
our results, we suggested that the enhanced expression and function of
IL-6 caused by CREB5, might mediate the miR-CREBS axis in emergence
of NHT-R.

Conclusion

MiR-142-3p, miR-150-5p and miR-342-3p are downregulated in PCa
tissues with NHT-R and associated with high Gleason score. These three
miRNAs inhibit proliferation and enhance bicalutamide sensitivity of
PCa cells in vitro. Mechanically, CREBS5 is the common target of these
three miRNAs. miR-142-3p, miR-150-5p, and miR-342-3p contribute to
NHT-R via targeting CREB5 in PCa and IL6 signaling pathway may be
involved in this process.
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