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Abstract MicroRNAs (miRNAs) are a type of small

noncoding RNAs that are strongly implicated in carcino-

genesis. However, the potential diagnostic, prognostic and

therapeutic roles of the majority of miRNAs in the patho-

logical processes of tumorigenesis remain largely

unknown. Our and others’ data revealed that miR-204-5p

was significantly downregulated in gastrointestinal tumor

tissues compared with adjacent noncancerous tissues. The

downregulation of miR-204-5p was confirmed in our gas-

tric cancer (GC) cohort, and we showed that ectopic

expression of miR-204-5p inhibited, whereas silencing

miR-204-5p expression promoted GC cell proliferation

in vitro. Subsequent mechanistic investigations identified

that USP47 and RAB22A are direct functional targets of

miR-204-5p in GC. Silencing the expression of USP47 and

RAB22A using siRNA phenocopied the proliferation-

inhibiting function of miR-204-5p in GC cells. Our results

uncovered that miR-204-5p acts as a tumor suppressor in

GC through inhibiting USP47 and RAB22A.
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Introduction

MicroRNAs (miRNAs) are a type of noncoding small

RNAs approximately 19–24 bp in length [1], and they

negatively regulate a wide variety of genes expression

mainly through direct interaction with the 30untranslated

regions (30UTR) of their corresponding mRNA targets [2].

miRNAs play critical roles in many physiological and

pathological processes at the posttranscriptional level,

including the development and progression of nearly all

types of tumors [3]. Although the studies of miRNAs

provide new insights into carcinogenesis, the molecular

mechanisms underlying remain to be elucidated.

Gastric cancer (GC) is the second cause of cancer-

associated death and the fourth most widespread tumor

worldwide [4, 5]. The development of GC involves various

factors, including oncogenes and tumor suppressors. It has

been demonstrated that aberrant miRNAs expression is

associated with GC [6–8], and some miRNAs have been

shown to be involved in stomach tumorigenesis by tar-

geting tumor-associated genes [9–12]. In addition, miR-

NAs appear to be promising tumor biomarkers [13–15].

Our and others’ expression profiling data uncovered that

miR-204-5p (previously named as miR-204 before miR-

Base release 19.0) was one of the most significantly

downregulated miRNAs in gastrointestinal tumor tissues

compared with adjacent noncancerous tissues (NCTs) [9,

11, 16]. Several studies have also shown that miR-204-5p

is frequently downregulated in other cancers [16–18],

suggesting a common role of miR-204-5p in human

tumorigenesis. Recent studies suggest that miR-204-5p

may inhibit GC cells invasion through restraining the

activity of the SIRT-LKB1 pathway [11] and promote GC

cells apoptosis by targeting Bcl-2 [9]. However, the exact

mechanism and clinical value remain largely unknown.
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In this study, we confirmed that the miR-204-5p

expression is significantly decreased in GC tissues and

revealed that miR-204-5p could inhibit cell proliferation

through directly targeting USP47 and RAB22A in GC.

Materials and methods

Cell lines and clinical samples

Human GC cell lines, including HGC-27, MGC-803, NCI-

N87, SGC-7901 and S206 were purchased from the

American Type Culture Collection (ATCC). The cells were

cultured in high-glucose (4.5 g/L) DMEM (Hyclone, USA)

supplemented with 10 % fetal bovine serum (FBS) (Gibco),

penicillin and streptomycin in a 5 % CO2 water-saturated

atmosphere.

A total of 102 paired GC tissues and NCTs were collected

from the Fourth Affiliated Hospital of Soochow University.

The patients’ information is listed in Supplementary Table

S1. All of the samples were gathered according to the

Institutional Review Board approved protocol and the writ-

ten informed consent from each patient.

Total RNA extraction and real-time qRT-PCR

Total RNA was extracted using TRIzol reagent (TaKaRa,

Japan). A NanoDrop 2000 (Thermo, USA) was used to

determine the concentrations of RNA.

Complementary cDNA was generated using the Prime-

Script RT reagent kit (TaKaRa, Japan). SYBR Premix Ex

Taq (TaKaRa, Japan) was used to detect the relative

mRNA expression via qRT-PCR analyses, with b-actin as

an internal control. TaqMan miRNA probes (Applied

Biosystems, USA) were used to detect the levels of the

mature miRNAs through tem-loop qRT-PCR assays. The

levels of U6B (a ubiquitously expressed small nuclear

RNA) was used to normalize the relative levels of miR-

NAs. All the primer sequences could be obtained from

Supplementary Table S2.

Plasmid and siRNA

miR-204-5p mimic, miR-204-5p inhibitor (anti-miR-204-5p),

negative control were purchased from RiboBio (Guangz-

hou, China). Duplex siRNAs were purchased from Gene-

Pharma (Shanghai, China) (si-USP47: 50-GCUGUCGCCU

UGUUAAAUAT TUAUUUAACAAGGCGACAGCT

T-30; si-RAB22A: 50-GCAUACAGGUGUAGG UAAAT

TUUUACCUACACCUGUAUCCTT-30). The amplified

30UTRs were then cloned into the region directly down-

stream of a CMV promoter—driven firefly luciferase cas-

sette in a pcDNA3.0 vector (p-Luc). The mutant 30UTR of

USP47 and RAB22A, which carried the mutated sequence

in the complementary site for the seed region of miR-204-

5p, was constructed on the basis of the p-Luc-USP47 and

p-Luc-RAB22A UTR-WT plasmid by overlap-extension

PCR [16]. Plasmid, mimic and siRNA were transfection

into cells using Lipofectamine 2000 (Invitrogen) according

to the manufacturer’s instructions.

Cell proliferation assay

Cells (2000) were plated in 96-well plates, detected with

Cell Counting Kit-8 (CCK-8, Dojindo) at the indicated

time points according to the manufacturer’s instruction.

Colony formation assay

Cells (1000) were placed in 6-well plates and cultured in media

containing 10 % FBS for 10 days. The colonies were stained

with 1.0 % crystal violet in 20 % methanol for 30 min.

Luciferase assay

S206 cells were seeded in 96-well plates. A total of 50 nM

of miR-204-5p mimic (or NC), 10 ng of pRL-CMV Renilla

luciferase reporter and 50 ng of luciferase reporter were

contransfected into the cells using Lipofectamine 2000

(Invitrogen). Using a luciferase assay kit (Promega, USA)

assayed the luciferase activities, 48 h after transfection.

Western blotting

The protein levels of USP47 and RAB22A were analyzed by

Western blots using anti-RAB22A, anti-b-actin (Abcam,

USA) and anti-USP47 (Santa Cruz, Daly City, CA).

Immunohistochemistry (IHC)

Immunohistochemical staining was executed on 4-lm

sections of paraffin-embedded GC tissue samples to test the

protein expression levels of RAB22A. In brief, the slides

were hatched with RAB22A antibody at a dilution of 1:100

at 4 �C overnight.

Statistical analyses

All experiments were performed in triplicate, and all results

are presented as the mean values ± SEM. Differences/cor-

relations between groups were calculated using Student’s

t test unless otherwise specified (v2 test, Pearson’s correla-

tion). A P value of \0.05 was considered statistically sig-

nificant. SPSS 16.0 package (IBM, USA) and GraphPad

Prism 5.0 software (GraphPad Software, USA) were used for

statistical analyses and scientific graphing, respectively.
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Results

miR-204-5p was downregulated in human GC tissues

miR-204 emerged as one of the most prominently down-

regulated miRNAs in GC in previous studies [9, 11]. We

examined the miR-204-5p levels in an expanded GC tis-

sues (n = 63) using qRT-PCR and found that miR-204-5p

expression was obviously downregulated in human GC

tissues compared with their corresponding NCTs

(P = 0.0010, Fig. 1a, b). The miR-204-5p expression was

negatively related with the tumor TNM stage, and higher

Fig. 1 Expression of miR-204-

5p was usually downregulated

in GC. a, b The expression of

miR-204-5p was tested by qRT-

PCR in 63 paired GC and

adjacent noncancerous tissues

(NCTs). The level of miR-204-

5p was obviously

downregulated in tumor tissues

contrast with the corresponding

NCTs. c The relation of miR-

204-5p expression and TNM

stage. The levels of miR-204-5p

were divided into two

groups(TNM stage: I–II; III–IV)

Fig. 2 miR-204-5p inhibits GC

cell proliferation in vitro. a The

expression of miR-204-5p in

five gastric cancer cell lines.

b The cell growth rate was

determined by the CCK-8 assay.

c The colony formation assay

was used to verify the cell

proliferation, again. Significant

differences: *P \ 0.05;

**P \ 0.01
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miR-204-5p expression was observed in tumor with earlier

TNM stage (P = 0.0054, Fig. 1c).

miR-204-5p inhibits GC cell proliferation in vitro

The consistently low expression of miR-204-5p in GC

suggests its potential contribution to the stomach tumori-

genesis. We tested the levels of miR-204-5p in five GC cell

lines (Fig. 2a) and selected S206 and SGC-7901 for the

further studies. Cell proliferation assay and colony for-

mation assay showed the proliferation-repressing function

of miR-204-5p in S206 cell (Fig. 2b, c). To the contrary,

silencing miR-204-5p expression in SGC-7901 cell sig-

nificantly promoted the cell growth (Fig. 2b, c). Collec-

tively, these data demonstrate that miR-204-5p acts as a

tumor suppressor gene in GC cells in vitro.

Identification of USP47 and RAB22A as the targets

of miR-204-5p

To explore the potential mechanism by which miR-204-

5p represses the proliferation of GC cells, we searched for

genes regulated by miR-204-5p. Our team had previously

performed a microarray analysis of the targets of miR-

204-5p in colorectal cancer cells and found that USP47

and RAB22A were observably downregulated in miR-

204-5p-overexpressed cells (GSE59897) [16] and both of

them were predicted to be the potential targets of miR-

204-5p by TargetScan algorithm. We have identified

RAB22A as the functional target of miR-204-5p in

colorectal cancer [16]. To test whether USP47 and

RAB22A are the direct targets of miR-204-5p in GC, the

wild type and mutant of USP47 30UTRs and RAB22A

30UTRs were independently cloned into p-Luc (Fig. 3a).

Fig. 3 Identification of USP47 and RAB22A as the targets of miR-

204-5p. a The putative miR-204-5p-binding sequence in the USP47

30UTR and RAB22A 30UTR. A mutation was generated in the site

complementary to the miR-204-5p seed region of the USP47 30UTR

and RAB22A 30UTR, as indicated. b Analyses of the luciferase

activity of the luciferase reporter plasmids containing either wild-type

(WT) or mutant-type (MT) USP47 30UTR and RAB22A 30UTRs in

S206 cell. c The protein levels of USP47 and RAB22A were

determined by Western blotting in S206 cell transfected with miR-

204-5p mimic, and in SGC-7901 cell transfected with miR-204-5p

inhibitor or the corresponding NC. Beta-actin served as an internal

control

331 Page 4 of 8 Med Oncol (2015) 32:331

123



As shown in Fig. 3b, miR-204-5p could inhibit the

expression of the reporter gene in recombinant plasmids

containing the 30UTRs of RAB22A and USP47, whereas

the mutant USP47 30UTR and RAB22A 30UTR were

completely refractory to the miR-204-5p-mediated lucif-

erase reporter repression in S206 cell. In concordance

with these results, USP47 and RAB22A protein expres-

sion was significantly decreased in miR-204-5p-overex-

pressed GC cells and enhanced in miR-204-5p-depleted

cells (Fig. 3c). In conclusion, our results confirmed that

USP47 and RAB22A are the targets of miR-204-5p in

GC.

Silence the expression of USP47 and RAB22A could

repress GC cell proliferation in vitro

To further clarify whether targeting of USP47 and RAB22A

might mediate the inhibition of cell proliferation in miR-204-

5p-overexpressing GC cells, we performed functional resto-

ration assays using S206 and SGC-7901 cells. We used siRNA

to knockdown USP47 and RAB22A expression (Fig. 4a). As

for the cell proliferation assay, siRNA-mediated USP47 and

RAB22A silencing could phenocopy the proliferation-

repressing effect of miR-204-5p (Fig. 4b), and colony for-

mation assay also confirmed the promoting effects of USP47

Fig. 4 Silence the expression of USP47 and RAB22A could

repression GC cell proliferation in vitro. a The protein levels of

USP47 and RAB22A in siRNA-mediated USP47 and RAB22A

silencing cells. b, c By the CCK-8 assay and the colony formation

assay confirm that knockdown of RAB22A by siRNA significantly

repressed GC cell proliferation. Significant differences: *P \ 0.05;

**P \ 0.01; ***P \ 0.001
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and RAB22A in GC cell growth (Fig. 4c). Overall, our data

demonstrated that miR-204-5p exerts tumor suppressive

effect in GC via directly targeting USP47 and RAB22A.

Upregulation of RAB22A is inversely correlated

with miR-204-5p expression in GC

To further study the relationship between miR-204-5p and

RAB22A and USP47 in human GC, we measured the

protein expressions in 102 paired GC and NCTs using

immunohistochemistry (IHC; Fig. s1). As indicated in

Fig. 5a, b, 66 of 102 (64.7 %) tumors showed increased

RAB22A expression compared with paired NCTs. Fur-

thermore, the enhanced immunoreactivity of RAB22A in

GC tissues were inversely correlated with the miR-204-5p

expression levels (P = 0.0062, Fig. 5c), suggesting that

miR-204-5p acts as a regulator of RAB22A expression in

clinical GC tumors (R = -0.263, P = 0.047). We did not

get reliable staining results of USP47 in GC tissues for the

poor dyeing effect of the USP47 antibody.

Discussion

GC is among the most malignant tumors, and the median

survival time for GC patients is only 6–9 months [19, 20].

This is mainly attributed to the following reasons: the early

diagnosis is difficult, the effect of clinical therapy is very

poor and the molecular markers utilized for targeted

therapy is lack. It is necessary to make a better under-

standing of gastric carcinogenesis and identify novel

molecular targets to improve diagnosis and therapy of GC.

miRNAs have been studied most intensively in the field of

oncological research, and emerging evidence suggests that

altered miRNA regulation is involved in the pathogenesis of

cancers, including GC. Among these miRNAs, miR-204 has

been reported to function as a tumor suppressor in a variety of

human cancers [9, 11, 16–18, 21–26]. Recent reports showed

that miR-204-5p could inhibit GC cell invasion and promote

GC cell apoptosis [9, 11]. In this study, we confirmed that

miR-204-5p is downregulated in clinical GC tissues, and

ectopic expression of miR-204-5p inhibited GC cell prolif-

eration. In the subsequent mechanistic study, we demon-

strated that miR-204-5p directly targets USP47 and

RAB22A to inhibit cell proliferation in GC. RNAi-mediated

knockdown of USP47 and RAB22A inhibit GC cells pro-

liferation, which phenocopied the proliferation-inhibiting

effect of miR-204-5p.

Ubiquitin-specific proteases (USPs) are a subfamily of

cysteine proteases that catalyze the removal of ubiquitin from

substrates, thus counteracting the activity of E3 ubiquitin

ligases [27, 28]. Although the importance of some members of

the USP family in a variety of biological processes [29], such as

regulation of DNA damage checkpoint response, epigenetic

regulation and protein stabilization is well established, very

little is known about the biological function of the majority of

the USPs. Here, we revealed that USP47 is a direct target of

miR-204-5p in GC and knockdown USP47 expression could

Fig. 5 Upregulation of

RAB22A is inversely correlated

with miR-204-5p expression in

GC. a Immunohistochemical

staining of RAB22A in 102

tumor tissues and adjacent

noncancerous tissues (NCTs).

Brown cytoplasmic RAB22A

staining was observed in GC

cells but was nearly absent in

normal mucosal epithelia.

b RAB22A protein expression

was frequently increased in the

tumor tissues compared with the

matched NCTs (64.7 %). c The

expression levels of RAB22A

were negatively correlated with

the miR-204-5p expression

levels in the GC tissues

(P = 0.0062)
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significantly decrease GC cell growth. These data suggest, for

the first time, that USP47 is a potential new oncogene for GC.

RAB22A is another target gene of miR-204-5p identi-

fied in this study. It belongs to a Ras superfamily of

GTPases, which are usually activated by binding GTP in

the transport vesicles, and then hydrolyzed to generate

GDP-bound RABs after membrane fusion [30, 31]. How-

ever, our knowledge on its role in human tumorigenesis is

quite limited. Our previous research showed that RAB22A

is a potential new prognostic factor for CRC and is the

direct target of miR-204-5p in colorectal cancer [16]. In

line with the conclusion, we found that upregulated

expression of RAB22A is also frequently observed in GC

tissues. Furthermore, RNAi-mediated knockdown of

RAB22A inhibit GC cell proliferation. These data suggest

the common oncogenic role of RAB22A in gastrointestinal

tumors.

In conclusion, we determined that miR-204-5p is

downregulated in GC, and miR-204-5p acts as a tumor

suppressor by inhibiting GC cell proliferation via targeting

USP47 and RAB22A. These data suggest that restoration

of miR-204-5p may be a promising therapeutic strategy for

treatment of human GC.
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