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Label free quantitative 
proteomics reveals the role of miR‑200b 
in androgen‑independent prostate cancer cells
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Abstract 

Background:  Our previous studies indicated that miR-200b inhibits the growth of androgen-independent prostate 
cancer (AIPC) cells. In this study, we employed quantitative proteomics techniques to unravel the role of miR-200b in 
AIPC.

Methods:  miR-200b was over-expressed or inhibited by transfection with miR-200b mimics or miR-200b inhibitor in 
PC3 cells. Total proteins were collected and the profiles of different groups were analyzed by label-free proteomics. 
PANTHER was applied to analyze biological processes, molecular functions and pathways of proteins regulated by 
miR-200b. miRBase was used to evaluate target genes of miR-200b in proteins regulated by miR-200b.

Results:  Thirteen proteins were up-regulated in miR-200b mimics/mimics NC (negative miRNA control) and 14 pro‑
teins were down-regulated; 67 proteins were up-regulated in miR-200b inhibitor/inhibitor NC and 98 proteins were 
down-regulated. There were seven proteins which were both down-regulated by miR-200b mimics and up-regulated 
by miR-200b inhibitor, TM4SF1, YAP1, PPP1R2, MARCKS, RTN4, GLIPR2 and SUCLG1. Among these, TM4SF1, YAP1, 
PPP1R2, MARCKS, RTN4 were predicted as target genes of miR-200b by miRBase, while GLIPR2 and SUCLG1 were not.

Conclusion:  This work identified several target genes of miR-200b by label free proteomics method, i.e., TM4SF1, 
YAP1, PPP1R2, MARCKS, RTN4, GLIPR2, and SUCLG1. The signaling pathways regulated by these proteins such as Hippo 
signaling may contribute to the phenotype resulting from miR-200b.
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Background
Prostate cancer (PCa) is one of the most common malig-
nant tumors of the male genitourinary system and is the 
second most common cause of cancer-associated deaths 
in males [1]. Androgen deprivation therapy (ADT) is an 
effective therapeutic option for PCa. However, clinical 
outcomes of ADT in PCa patients have remained unsat-
isfactory because of castration resistance [2]. This type of 

prostate cancer is referred to as castration-resistant pros-
tate cancer (CRPC) or androgen-independent prostate 
cancer (AIPC). Therefore, understanding the exact mech-
anisms that underlie androgen independence of PCa will 
help identify novel diagnostic biomarkers and facilitate 
the development of novel therapeutic strategies.

Small endogenous non-coding RNA (18–25  nt) are 
known as miRNAs. Accumulating evidence indicates that 
miRNAs play a critical role in AIPC. Previous studies 
have revealed that miR-200b are down-regulated in AIPC 
cells and that this phenomenon contributes to androgen-
independent growth [3, 4]. Functional characterization of 
miRNAs depends strongly on identification of their spe-
cific mRNA binding partners because miRNAs can pre-
vent protein expression by binding either the 3′UTR of 

Open Access

Clinical Proteomics

*Correspondence:  zhaoshanchao@263.net; liuyawei@smu.edu.cn 
†Minyi He and Mengzhuang Gou contributed equally to this work
2 Laboratory for Precision Neurosurgery, Nanfang Hospital, Southern 
Medical University, Guangzhou 510515, China 
4 Department of Urology, Nanfang Hospital, Southern Medical University, 
Guangzhou 510515, China
Full list of author information is available at the end of the article

http://orcid.org/0000-0003-4535-5019
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12014-018-9185-1&domain=pdf


Page 2 of 11He et al. Clin Proteom  (2018) 15:8 

the mRNA target through imperfect complementarity or 
via multiple sites by inhibition of the mRNA interaction 
with ribosomal complex and the translational machin-
ery [5]. This kind of imperfect complementarity with 
target ensures that miRNAs have multiple intracellular 
targets that lead to amplification of the biological effects 
[6, 7]. Thus, the exact role of miR-200b in AIPC remains 
unclear although a subsequent study demonstrated that 
miR-200b mediates HIF1α-induced TXNDC5 expression 
under ADT conditions [8].

It is difficult to identify specific targets of miRNAs. Sev-
eral tools for target prediction have been used to iden-
tify miRNA targets, such as TargetScan and microRNA.
org (can be found in miRBase http://www.mirbase.org/), 
two of the most used tools. TargetScan and microRNA.
org are user-friendly tools; however, there are too many 
potential targets in these databases. For example, there 
are 1193 predicted targets of miR-200b in TargetScan 
and 7176 in microRNA.org. In order to clarify the exact 
roles of miR-200b in AIPC, this study adopted a strategy 
to identify the target genes of miR-200b in AIPC using 
a proteomics method in combination with target predic-
tion tools.

Methods
Cell culture
AIPC cell line PC3 and androgen-dependent prostate 
cancer (ADPC) cell line LnCap were obtained from the 
Institute of Biochemistry and Cell Biology, Chinese 
Academy of Sciences (Shanghai, China). A sub-line of 
LnCap named LnCap-AI, which was cultured in a phenol 
red-free RPMI 1640 with 10% FBS, depleted of steroids 
by charcoal/dextran-treatment (CDS medium) (Biologi-
cal Industry, Israel), instead of regular FBS for more than 
nine passages. PC3 cells and LnCap-AI have been rou-
tinely used as in  vitro models of androgen-independent 
stages of prostate cancers. In our previous study con-
ducted on PC3 and LnCap-AI as a model system, down-
regulation of miR-200b was found to contribute to the 
proliferation of AIPC [3]. Normally, these cells were 
cultured in 10% fetal bovine serum (FBS)-supplemented 
phenol red-containing RPMI 1640 (Gibco, Carlsbad, CA, 
USA), containing l-glutamine (2 mM) (Invitrogen, Carls-
bad, CA, USA) and penicillin sodium (100 U/mL)/strep-
tomycin sulphate (100 μg/mL) (Invitrogen, Carlsbad, CA, 
USA) in a humidified incubator at 37 °C with 5% CO2. For 
maintenance of androgen independence, the cell culture 
medium was changed to a phenol red-free RPMI 1640 
with 10% FBS that was depleted of steroids by charcoal/
dextran-treatment (CDS medium) (Biological Industry, 
Israel) instead of regular FBS.

RNA oligos and transfection
miR-200b mimics, negative miRNA control (mimics-
NC), miR-200b inhibitor and negative inhibitor con-
trol (inhibitor-NC) were purchased from GenePharma 
(Shanghai, China). Cells in the exponential growth phase 
were plated at a density of 30–50% confluence, followed 
by incubation for 24  h. The cells were then transfected 
with small RNAs (0.05  μM) in reduced serum medium 
(OPTI-MEM-I), according to the manufacturer’s 
protocol.

Quantitative real‑time PCR (Q‑PCR) analysis for miRNA 
and mRNA expression
Forty-eight hours after RNA oligos transfection, miRNA 
and mRNA expressions were detected by Q-PCR. Total 
RNAs from cells were extracted using Trizol (Invit-
rogen, Carlsbad, CA, USA) following the manufac-
turer’s instruction. Quantification of mature miRNAs 
and mRNA of target proteins was performed using the 
Quantitect SYBR Green PCR Kit (Stratagene, CA, USA) 
with a MX3005P multiplex quantitative PCR system 
(Stratagene, CA, USA), according to the manufacturer’s 
instructions. U6 small nuclear RNA was used as an inter-
nal control for determining the relative miRNA expres-
sion level; GAPDH was used as an internal control to 
determine the relative mRNA expression levels. The rela-
tive expression levels of miRNAs and mRNAs were cal-
culated using the comparative ΔΔCT method [9, 10]. The 
fold-changes were calculated by the equation 2−��Ct. All 
primers used are listed in Additional file 1: Table S1.

Sample preparation for a label‑free experiment
PC3 cells were divided into 4 groups and transfected 
with miR-200b mimics, miR-NC, miR-200b inhibitor 
and inhibitor-NC, respectively. Forty-eight hours after 
transfection, cell pellets were lysed, total proteins were 
collected and quantified with a BCA assay kit (Sigma-
Aldrich, St. Louis, USA). Proteins (250 μg for each sam-
ple) were digested according to the FASP procedure 
described elsewhere [11]. The peptide content was esti-
mated by UV light spectral density at 280  nm using an 
extinctions coefficient of 1.1 of 0.1% (g/L) solution, which 
was calculated on the basis of the frequency of trypto-
phan and tyrosine in vertebrate proteins.

Liquid chromatography (LC)–electrospray ionization (ESI) 
tandem MS (MS/MS) analysis by Q exactive
The peptide of each sample was desalted on C18 Car-
tridges [Empore™ SPE Cartridges C18 (standard den-
sity), bed I.D. 7  mm, volume 3  mL; Sigma-Aldrich, 
USA], then concentrated by vacuum centrifugation and 

http://www.mirbase.org/
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reconstituted in 40 µL of 0.1% (v/v) trifluoroacetic acid. 
MS experiments were performed on a Q Exactive mass 
spectrometer that was coupled to Easy nLC (Thermo 
Fisher Scientific). 5  μg peptide was loaded onto a C18-
reversed phase column (10 cm long, 75 μm inner diam-
eter, 3 μm resin; Thermo Scientific, USA) in buffer A (2% 
acetonitrile and 0.1% formic acid) and separated with a 
linear gradient of buffer B (80% acetonitrile and 0.1% for-
mic acid). MS data were acquired using a data-dependent 
top 10 method, dynamically choosing the most abundant 
precursor ions from the survey scan (300–1800  m/z) 
for HCD fragmentation. Determination of the target 
value was based on predictive Automatic Gain Control 
(pAGC). MS experiments were performed in triplicate 
for each sample.

Sequence database searching and data analysis
The MS data were analyzed using MaxQuant software 
version 1.3.0.5. MS data were searched against the uni-
prot_human_152544_20160420.fasta (152544 total 
entries; downloaded April 20, 2016). An initial search 
was set at a precursor mass window of 6 ppm. The search 
employed an enzymatic cleavage rule of Trypsin/P and 
allowed maximal two missed cleavage sites and a mass 
tolerance of 20  ppm for fragment ions. Cysteine carba-
midomethylation was defined as a fixed modification, 
while protein N-terminal acetylation and methionine 
oxidation were defined as variable modifications for data-
base searching. Label-free quantification was carried out 
in MaxQuant, as described elsewhere [12]. The peptide 
spectrum match (PSM) was filtered by Posterior Error 
Probability (PEP). Max PEP is 0.1. The peptides were fil-
tered based on andromeda score and false discovery rate 
(FDR). The cutoff level for andromeda score was set at 0 
(andromeda score > 0). The cutoff level for FDR was set 
at 0.01 (peptide FDR  <  0.01). Co-fragmentation gener-
ally reduces the number of peptides identified in data-
base searches and poses special problems for reporter 
fragment based quantification methods because both 
peptides contribute to the measured ratios. Co-fragmen-
tation was performed according to the algorithm of Max-
Quant software [13]. Protein abundance was calculated 
on the basis of the normalized spectral protein intensity 
(LFQ intensity). The mass spectrometry proteomics data 
have been deposited to the ProteomeXchange Consor-
tium via the PRIDE [1] partner repository with the data-
set identifier PXD006350.

Western blot
Forty-eight hours after RNA oligos transfection, target 
protein expressions were determined by Western blot. 
Cultured PC3 cells, treated under different conditions, 

were lysed by pre-chilled RIPA buffer. Total protein 
content was measured using a BCA (bicinchoninic acid 
assay) protein assay reagent kit. Lysates were mixed 
with Laemmli buffer and boiled for 5 min. 30 µg of pro-
tein were separated on a 12% SDS-PAGE gel followed by 
transfer to polyvinylidene difluoride (PVDF) membrane 
(Millipore), after which membranes were blocked with 
5% non-fat dry milk in PBS/0.1% Tween-20 (PBST) solu-
tion. Membranes were immune-blotted overnight at 4 °C. 
Anti-PPP1R2 antibody (1:1000, ab58149; Abcam, USA), 
Anti-GLIPR2 antibody (1:250, ab122059; Abcam, USA), 
and Anti-MARCKS (D88D11) antibody (1:1000, #5607T; 
Cell Signaling Technology, USA) were used. An HRP-
conjugated anti-rabbit antibody (Cell Signaling Tech-
nology, USA) was used as the secondary antibody. To 
confirm protein loading, membranes were probed with 
antibody recognizing GAPDH (1:1000). The Western blot 
data shown are representative for at least three independ-
ent experiments.

Gene enrichment analysis and functional annotation 
(PANTHER)
The PANTHER (protein analysis through evolution-
ary relationships) classification system was designed to 
classify proteins (and their genes) in order to facilitate 
high-throughput analysis. Proteins have been classified 
according to: family and subfamily, molecular function, 
biological process and pathway [14]. In order to maxi-
mize the coverage of important biological information, 
the proteomics identified proteins down regulated by 
miR-200b mimics and up-regulated by miR-200b inhibi-
tor were subjected to enrichment analysis (beta) server 
(The PANTHER) for gene ontology analysis (http://
geneontology.org/). The dataset was analyzed using 
the Core Analysis module to rank the proteins into top 
biological process (BP), molecular functions (MF) and 
pathway. Analysis type: PANTHER over-representation 
test (release 20160715); Annotation Version and Release 
Date: GO Ontology database Released 2016-06-22.

miR‑200b targets prediction
The internet resource miRBase (http://www.miRBase.
org/), the primary microRNA sequence repository [15], 
was used to predict potential miR-200b targets, using 
“hsa-miR-200b” as a search term.

KEGG pathway analysis
Hippo signaling pathway plays an important role in 
AIPC. In this study differentially expressed proteins from 
this pathway were analyzed with KEGG pathway data-
base (http://www.kegg.jp/kegg/pathway.html).

http://geneontology.org/
http://geneontology.org/
http://www.miRBase.org/
http://www.miRBase.org/
http://www.kegg.jp/kegg/pathway.html
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Proteins interaction network analysis (STRING)
In this study, the intersection of proteins down-regulated 
by miR-200b mimics (fold ≥  1.5, P  <  0.05) and up-reg-
ulated by miR-200b inhibitor (fold ≥ 1.5, P < 0.05) were 
considered as candidates for the target protein list. Pro-
tein–protein interactions represent a crucial element of 
modern biological research fields such as proteomics 
study. The STRING knowledge database (http://string-
db.org/) is a user-friendly and comprehensive database 
designed to assemble, evaluate and disseminate protein–
protein association information [16, 17]. Subsequently, 
the candidate target gene list was imported into STRING 
for pathway analysis and network reconstruction.

Statistical analysis
All data are presented as mean  ±  SD. The differences 
between groups were analyzed by Significance B test of 
variance. P < 0.05 was considered statistically significant 
(two-tailed).

Results
Effect of miR‑200b expression on the proliferation 
of prostate cells
The proliferation of PC3 and LnCap-AI cells with miR-
200b over-expression or inhibition was detected by CCK-
8. miR-200b over-expression decreased cell proliferation 
(P  <  0.05), while miR-200b inhibition had no effect on 
proliferation (P  >  0.05) of the PC3 and LnCap-AI cells 
cultured in phenol red-free RPMI 1640 with CDS (see 
our previous data [3]).

Identification of differentially‑expressed proteins (DEPs) 
by label free proteomics
In this study, a total of 3792 proteins were identified in 
4 samples by LC-ESI–MS/MS. To reduce false proteins 
detection, a global normalization method was applied for 
data quality control in order to minimize the variability 
due to sample preparation or equipment conditions.

Significance B test was applied to detect DEPs in 
miR-200b mimics/mimics NC and miR-200b inhibitor/

inhibitor NC groups. Among these identified proteins, 
13 proteins were up-regulated in miR-200b mimics/mim-
ics NC and 14 proteins were down-regulated (fold ≥  2, 
P  <  0.05; Additional file  2: Table S2); 67 proteins were 
up-regulated in miR-200b inhibitor/inhibitor NC and 98 
proteins were down-regulated (fold ≥ 2, P < 0.05; Addi-
tional file 3: Table S3).

Validation of the expression levels of DEPs by Q‑PCR 
and Western blot
Only one protein, TM4SF1, was detected in both miR-
200b mimics/mimics NC and miR-200b inhibitor/
inhibitor NC groups using P value < 0.05 and a ratio of 
mean ≥  2 or ≤ 0.5 as the criteria for significant up or 
down regulation. Thus, considering the efficiency of RNA 
oligos transfection, the intersection of proteins down-
regulated by miR-200b mimics (fold ≥ 1.5, P < 0.05) and 
up-regulated by miR-200b inhibitor (fold ≥ 1.5, P < 0.05) 
were considered as the convincing target proteins. There 
were seven proteins in this list (Table  1, MS/MS spec-
tra; see Additional file  4: Figs. S1–S7). The expressions 
of these seven proteins were determined by Q-PCR. The 
results showed that there were no significant changes in 
the expression of these proteins at the mRNA level fol-
lowing miR-200b mimics and miR-200b inhibitor trans-
fection (Fig.  1b, Additional file  4: Fig. S8b). In order to 
verify the regulation of the proteins at the protein level, 
PPP1R2, MARCKS, and GLIPR2 were randomly cho-
sen for validation by Western blot analysis. The results 
showed that these proteins were down-regulated by miR-
200b mimics and up-regulated by miR-200b inhibitors 
(Fig. 1c, d; Additional file 4: Fig. S8c, d), which was con-
sistent with the results of the proteomics assays.

Potential functions of DEPs by informatics analysis
Specifically, a broadly adopted web-based functional 
analysis and GO analysis were used to derive biologi-
cal meaning from proteomics data. The top regulated 
biological process (BP) and molecular functions (MF) 
of DEPs are showed according to their ranking in Fig. 2. 

Table 1  Proteins both down-regulated by miR-200b mimics and up-regulated by miR-200b inhibitor (fold ≥ 1.5, P < 0.05)

MS/MS spectra of these proteins see Additional file 4: Figs. S1–S7

Proteins miR200b mimics/mimics NC miR200b inhibitor/inhibitor NC Target predicted by miRBase

TM4SF1 0.47 4.8 Yes

YAP1 0.62 2.1 Yes

PPP1R2 0.67 2.29 Yes

MARCKS 0.72 1.75 Yes

RTN4 0.81 1.67 Yes

GLIPR2 0.62 2.51 No

SUCLG1 0.68 2.1 No

http://string-db.org/
http://string-db.org/
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The top regulated pathways of DEPs according to rank 
are showed in Fig. 3a. A search of the KEGG PATHWAY 
database showed that YAP1, TAZ, PP1and PP2A identi-
fied by our proteomics method were involved in Hippo 
signaling pathway, and which may play an important role 
in AIPC (Fig. 3b).

Identification of miR‑200b target genes and the interaction 
networks associated with AIPC
TM4SF1, YAP1, PPP1R2, MARCKS, RTN4 were pre-
dicted as target genes of miR-200b by miRBase, while 
GLIPR2 and SUCLG1 were not predicted as target genes 
(Fig. 4).

The interaction networks among these seven proteins 
were analyzed by STRING. The result showed that all of 
these seven proteins were connected mainly by YAP1 and 

Ubiquitin C (UBC) to form a network (Fig. 5). The active 
interaction sources came from text-mining, experiments, 
databases, co-expression, neighborhood, gene fusion, and 
co-occurrence. The minimum required interaction score 
was medium confidence (0.400). String also revealed 
enrichment of these seven proteins for the top pathways: 
(1) hippo signaling pathway; (2) citrate cycle (TCA cycle); 
(3) propanoate metabolism; (4) TGF-beta signaling path-
way; (5) carbon metabolism; (6) neurotrophin signaling 
pathway; and (7) miRNAs in cancer.

Discussion
In our previous study, we found that microRNA, miR-
200b inhibited proliferation of AIPC cells, which may 
be an important target for therapy. However, down-
stream mechanism of miR-200b has not been identified. 

Fig. 1  Validation of expression levels of PPP1R2, MARCKS, and GLIPR2 identified by label free (PC3 cell line). a Expression of miR-200b by miR-200b 
mimics and inhibitor transfection for 48 h (QPCR). b Expression of target proteins by miR-200b mimics and inhibitor transfection for 48 h (QPCR). 
c Protein level of PPP1R2, MARCKS, and GLIPR2 regulated by miR-200b mimics or inhibitor transfection for 48 h (western blot). d Density ratio of 
PPP1R2, MARCKS, and GLIPR2/GAPDH on Western blot. *P < 0.05
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miRNAs play their roles by inhibiting their target pro-
teins expression. Proteomics would enable the unbiased 
comparison of different cellular states in biology and 
medicine at a systems-wide level. Deep proteomics anal-
yses are necessary to characterize the complete scenario 
of signaling pathways and biologic processes altered as 
a result of the specific state of cells or tissues [18]. Thus, 
proteomics method combined with bioinformatics is an 
ideal strategy to analyze the exact relationship between 
miRNA-target proteins interaction and the resulting 
phenotype.

The proteins regulated by miR-200b were identified 
and analyzed by PANTHER, and relative specific instead 
of common annotations were taken into account. The 
results showed that miR-200b may involve a variety of 
disparate biological processes and cellular functions, 
such as drug metabolic process, ferric iron transport, 
mesenchyme migration, nucleosome assembly, and regu-
lation of protein phosphatase type 2A activity. This pol-
ytropism reflects that miRNAs may have multiple targets.

In order to reveal the direct link between miR-200b 
and the resultant phenotypic changes in AIPC, pro-
teins expressed by target genes of miR-200b should be 

elucidated. It is remarkable that our label-free quantifi-
cation approach was found to be highly efficient: seven 
proteins were identified and five of these were products 
of target genes predicted by miRBase. There are some 
proteins which are known to play a role in prostate can-
cer, but were not identified in this study, such as Bmi-1 
[19], PDGF-D [20]. One reason may the false-negative 
results of our proteomics method. Current mass spec-
trometry techniques cannot identify all proteins in the 
whole protein of the sample, especially some low abun-
dance proteins. Therefore, in some experiments, mass 
spectrometry data of some proteins cannot be collected, 
which is a common phenomenon. Another important 
reason may be that these proteins may not be involved 
in the androgen independence of AIPC. Some of these 
proteins were reported to be related with AIPC. YAP 
was recently identified as a novel regulator of prostate 
cancer cell motility, invasion, and androgen independ-
ent growth [21, 22] and was considered as a potential 
therapeutic target for metastatic AIPC. YAP1 is a tran-
scriptional regulator which can act both as a co-activator 
and a co-repressor; it is a critical downstream regula-
tory target in the Hippo signaling pathway that plays a 

Fig. 2  Gene ontology analysis of differentially-expressed proteins including down-regulated proteins in miR-200b mimics/mimics NC and up-
regulated proteins in miR-200b inhibitor/inhibitor NC groups with PANTHER. Blue, the top biological process (BP) ranked according to − log (P 
value), P < 0.05. Red, the top molecular functions (MF) ranked according to − log (P value), P < 0.05
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pivotal role in organ size control and tumor suppression 
by inhibiting proliferation and promoting apoptosis [23]. 
RTN4 is a developmental neurite growth regulatory fac-
tor which was shown to inhibit axon–axon adhesion and 
growth, facilitate neurite branching, and to be potentially 
involved in proliferation, apoptosis and invasiveness of 
cancer cells [24]. A recent study showed that RTN4 was 

regulated by AR in AIPC; however, its function was not 
clarified [25]. TM4SF1, originally described as “TAAL6”, 
is a tumor-associated antigen found in various human 
epithelial malignancies including breast, ovarian, lung, 
and colon carcinomas [26, 27]. Recent studies indi-
cated that TM4SF1 plays a critical role in cancer cell 
migration and invasion [28]; it was also shown to be an 

Fig. 3  Pathway analysis of differentially-expressed proteins including down-regulated proteins in miR-200b mimics/mimics NC and up-regulated 
proteins in miR-200b inhibitor/inhibitor NC groups. a The top pathways analyzed with PANTHER ranked according to − log (P value), P < 0.05. b 
Differentially-expressed proteins of the Hippo signaling pathway in AIPC cells (KEGG)



Page 8 of 11He et al. Clin Proteom  (2018) 15:8 

androgen-responsive protein [29]. MARCKS is the most 
prominent cellular substrate for protein kinase C. This 
protein binds calmodulin, actin, and synapsin. MARCKS 
is a filamentous (F) actin cross-linking protein [30]. Con-
stitutively phosphorylated MARCKS in PC3 cells could 
contribute to the increased motility and invasiveness 
shown by this line compared with LNCaP cells [31]. A 
previous study suggested that MARCKS partly mediated 
the positive effect of miR-21 on AIPC cell invasion [32]. It 
is the first time we have reported the proteins being regu-
lated by miR-200b in AIPC.

YAP1 and RTN4 are involved in Hippo signaling path-
way. Hippo signaling pathway is the top pathway enriched 
by String, which indicates that it may be the main signal-
ing pathway regulated by miR-200b. However, there is no 
definitive evidence of the interaction and functional rela-
tionship between TM4SF1, PPP1R2, MARCKS, C9orf19 
and SUCLG1. This indicates that there are several target 
proteins regulated by miR-200b in AIPC; further, these 
target proteins perform a wide range of functions and 
are part of a complex network. This is largely attributable 
to the inherent characteristics of miRNAs, in that these 

Fig. 4  Putative binding site of miR-200b in 3′UTR regions of target genes as predicted by miRBase
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bind to the 3′UTR of the mRNA target through imperfect 
complementarity or via multiple sites.

The present study reveals the target proteins, biological 
process and molecular functions regulated by miR-200b. 
These proteins may be used as new target for AIPC ther-
apy. Further studies should be focused on the interaction 
network of miR-200b/target proteins, to coordinate play-
ing a role and be applied in therapy of AIPC.

Conclusion
Using a combination of proteomics and bioinformatics, 
we identified several target proteins of miR-200b in the 
context of AIPC, TM4SF1, YAP1, PPP1R2, MARCKS, 
RTN4, GLIPR2, and SUCLG1. These proteins may con-
tribute to the phenotype resulting from miR-200b and 
may serve as candidate therapeutic targets in AIPC.

Additional files

Additional file 1. Primers sequence used in this study.

Additional file 2. Proteins changed with miR-200b mimics transfection 
identified by label free proteomics (ratio > 2, P value < 0.05).

Additional file 3. Proteins up-regulated by miR-200b inhibitor identified 
by label free proteomics (ratio > 2, P value < 0.05).

Additional file 4. Figure S1. MS/MS spectra of TM4SF1. Figure S2. MS/
MS spectra of YAP1. Figure S3. MS/MS spectra of PPP1R2. Figure S4. MS/
MS spectra of MARCKS. Figure S5. MS/MS spectra of RTN4. Figure S6. 
MS/MS spectra of GLIPR2. Figure S7. MS/MS spectra of SUCLG1. Figure 
S8. Expression validating of PPP1R2, MARCKS, and GLIPR2 (LnCap-AI cells). 
a Expression of miR-200b by miR-200b mimics and inhibitor transfection 
for 48 h (QPCR). b Expression of target proteins by miR-200b mimics and 
inhibitor transfection for 48 h (QPCR). c Expression of PPP1R2, MARCKS, 
and GLIPR2 by miR-200b mimics and inhibitor transfection for 48 h 
(western blot). d Density ratio of PPP1R2, MARCKS, and GLIPR2 / GAPDH 
on Western blot. *P < 0.05.

Fig. 5  The interaction networks of proteins which were down-regulated by miR-200b mimics (fold ≥ 1.5, P < 0.05) and up-regulated by miR-200b 
inhibitor (fold ≥ 1.5, P < 0.05)
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