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Background: Gallbladder cancer (GBC) is the most common biliary tract malignant cancer

worldwide. It has been reported that microRNA-575 (miR-575) was involved in the tumor-

igenesis of many cancers. However, the role of miR-575 during the progression of GBC

remains largely unknown.

Methods: The expression of miR-575 in GBC cells was detected by quantitative real-time

polymerase chain reaction. The proliferation of GBC cells was examined by CCK-8 assay and

Ki-67 staining. Apoptosis of GBC cells was measured by flow cytometry, and cell invasion was

tested by transwell assay. Moreover, protein expressions in GBC cells were evaluated using

Western blot. The target gene of miR-575 was predicted using Targetscan and miRDB. Finally,

xenograft tumor model was established to verify the function of miR-575 in GBC in vivo.

Results: Our findings indicated that miR-575 antagonist decreased the proliferation and

invasion of GBC cells. In addition, miR-575 antagonist significantly induced apoptosis of

GBC cells via inducing G1 arrest. Meanwhile, p27 Kip1 was found to be a direct target of

miR-575 with luciferase reporter assay. Moreover, miR-575 antagonist significantly

decreased the expressions of CDK1 and cyclin E1 and upregulated the levels of cleaved

caspase3 and p27 Kip1 in GBC cells. Finally, miR-575 antagonist notably suppressed GBC

tumor growth in vivo.

Conclusion: Downregulation of miR-575 significantly inhibited the tumorigenesis of GBC

via targeting p27 Kip1. Thus, miR-575 might be a potential novel target for the treatment of

GBC.
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Introduction
Gallbladder cancer is the most common biliary tract malignant cancer worldwide.1

Patients with GBC are always been diagnosed at an advanced stage due to the

ignorance of early symptoms.2 Nowadays, surgery or chemotherapy is regarded as

the major treatment of GBC, while only 10% patients with GBC have good

prognosis.3 Moreover, large number of patients with GBC have suffered from severe

side effects after chemotherapy and surgical operation.4 Therefore, it is necessary to

explore novel therapeutic methods for the treatment of GBC.

MicroRNAs (miRNAs) are endogenic noncoding small RNAs which are gener-

ous in body. Aberrant miRNA expression has found to be related with the progres-

sion of multiple diseases recently.5 In addition, it has been confirmed that miRNAs

play key roles in the tumorigenesis of malignancy.6 MiR-575 is one of the miRNAs
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which has been firstly reported in 2009.7 MiR-575 was

involved in the progression of Kawasaki disease.8

Meanwhile, a previous study has indicated that BH3-like

motif-containing protein (BLID) was a direct target of

miRNA-575 in the tumorigenesis of non-small cell lung

cancer (NSCLC) in vitro,9 indicating its key role during

the progression of malignancies. Yao et al revealed that

miR-575 together with the other miRNAs were signifi-

cantly overexpressed in tumor tissues of patients with

GC.7 However, the role of miR-575 during the progression

of GBC remains unclear.

Cyclin-dependent kinase (CDK) inhibitor p27 Kip1 was

found to be a member of the CIP/KIP family.10 In addition,

p27 Kip1 has been mostly studied for its roles in inhibiting

G1 progression and maintaining cell quiescence in response

to anti-proliferative signals or terminal differentiation.11–13

It can be regarded that p27 Kip1 may act as an important

regulator in the growth of malignant tumors by regulation of

CDK2 and cyclin E1.14 Besides, downregulation of p27

Kip1 has been regarded as an independent prognostic factor

in GBC.15 In the current study, we aimed to investigate the

function of miR-575 during the tumorigenesis of GBC and

explore the correction between miR-575 and p27 Kip1.

Materials and Methods
Cell Culture
GBC-SD and G415 cell lines were purchased fromCell Bank

of the Chinese Academy of Science (Shanghai, China) and

RIKEN Cell Engineering Division-Cell Bank (Tokyo,

Japan), respectively. All GBC cells were cultured in

Dulbecco’s Modified Eagle’s Medium (DMEM, Thermo

Fisher Scientific) with 10% FBS (Thermo Fischer

Scientific), 1% penicillin and streptomycin (Thermo Fisher

Scientific) at 37°C, 5% CO2.

Quantitative Real-Time Polymerase Chain

Reaction (qRT-PCR)
Total RNA was extracted from GBC-SD or G415 cell lines

using TRIzol reagent (TaKaRa, Tokyo, Japan) according to

the manufacturer’s protocol. cDNA was synthesized using

the reverse transcription kit (TaKaRa, Ver.3.0). Real-Time

qPCRs were performed in triplicate under the following

protocol: 2 min at 94°C, followed by 35 cycles (30 s at 94°

C and 45 s at 55°C). The primers for miR-575 and U6 were

obtained from GeneCreate Biological Engineering Co., Ltd

(Wuhan, China). miR-575: forward, 5ʹ-GTCCACCGCAA

ATGCTTCTA-3ʹ and reverse 5ʹ- CCATCAGTCCCGTCT

TGAAAC-3ʹ. U6: forward, 5ʹ- CTCGCTTCGGCAGCAC

AT-3ʹ and reverse 5ʹ- AACGCTTCACGAATTTGCGT-3ʹ.

The relative fold changes were calculated using the 2−ΔΔCt

method by the formula: 2−(sample ΔCt – control ΔCt), where ΔCt is
the difference between the amplification fluorescent thresh-

olds of the gene of interest and the internal reference gene

(U6) used for normalization.

MiR-575 Transfection
MiR-575 agonist, miR-575 antagonist, or negative control

RNAs (all at 10 nM) were transfected into GBC cells

using Lipofectamine 2000 (Invitrogen, Carlsbad, CA).16

MiR-575 agonist, antagonist, and negative control RNAs

were purchased from GenePharma (Shanghai, China). The

sequences of miR-575 agonist/antagonist were as follows:

miR-575 agonist, GAGCCAGUUGGACAGGAGC and

miR-575 antagonist, CUCGGUCAACCUGUCCUCG.

CCK-8 Assay
GBC cells were seeded in 96-well plates (5×103 per well)

overnight. Then, cells were treated with negative control

(NC) or miR-575 antagonist for 0, 24, 48, and 72 h, respec-

tively. Ten microliters of CCK-8 reagent (Beyotime,

Shanghai, China) were added to each well and further

incubated for 2 h at 37°C. Finally, the absorbance of GBC

cells was measured at 450 nm using a microplate reader

(Thermo Fisher Scientific).

Immunofluorescence
GBC-SD cells were seeded in 24-well plates overnight.

Then, cells were treated with NC or miR-575 antago-

nist for 72 h. Next, cells were blocked with 10% goat

serum for 30 min at room temperature and then incu-

bated with anti-Ki67 antibody (Abcam, Cambridge,

MA, USA; 1:1000) at 4°C overnight, followed by

incubation with goat anti-rabbit IgG (Abcam; 1:5000)

at 37°C for 1 h. Then, the nuclei were stained with

DAPI (Beyotime, Shanghai, China) for 5 min. Finally,

cells were observed under a fluorescence microscope

(Olympus CX23, Tokyo, Japan).

Cell Apoptosis Analysis
GBC-SD cells were trypsinized, washed with phosphate-

buffered saline and resuspended in Annexin V Binding

Buffer, followed by staining with 5 μL FITC and 5 μL
propidium (PI) in the system for 15 min. Cells were

analyzed using flow cytometer (BD, Franklin Lake, NJ,

USA) to test the cell apoptosis rate.
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Cell Cycle Detection
GBC-SD cells were treated with NC or miR-575 antago-

nist for 72 h, respectively. Then, the cell cycle distribution

was detected by flow cytometry (BD) as previously

described.17 Briefly, cell cycle detection was performed

using Cycletest Plus DNA Reagent Kit (BD, NJ, USA).

GBC-SD cells were harvested by accutase treatment and

counted with a hemocytometer. A total of 5×105 cells were

fixed, permeabilized, and stained in accordance with the

manufacturers’ instructions, and the sample was analyzed

by flow cytometry using a FACSCalibur measuring FL2

area versus total counts. The data were analyzed using

ModFit (http://mycyte.org/) and FlowJo (http://mycyte.

org/) softwares to generate the percentages of cells in

G1, S, and G2 to M phases of the cell cycle.

Transwell Assay
For cell invasion analysis, transwell assay was performed

in this study. The upper chamber is pre-treated with 100

μL of Matrigel. GBC-SD cells were seeded into the upper

chamber in media with 1% FBS, and the density was

adjusted to about 1.0×106 cells per chamber. DMEM

with 10% FBS was added in the lower chamber. After

48 h of incubation at 37°C, the non-invading cells in the

upper chamber were removed with a cotton swab. Then,

cells in the lower chamber were stained with 0.1% crystal

violet and counted at 3 different fields under a microscope

(LEICADMLB2, Frankfurt, Germany).

Western-Blot Detection
Total protein was isolated from tissue or cell lysates by

using RIPA buffer and quantified by BCA protein assay

kit (Beyotime, Shanghai, China). Proteins were resolved

on 10% SDS-

PAGE and transferred to PVDF (Bio-Rad) membranes.

After blocking with 5% skim milk, the membranes were

incubated with primary antibodies at 4°C overnight.

Then, the membranes were incubated with secondary

anti-rabbit antibody (Abcam; 1:5000) at room tempera-

ture for 1 h. After that, membranes were scanned by using

an Odyssey Imaging System and analyzed with Odyssey

v2.0 software (LICOR Biosciences, Lincoln, NE, USA).

The primary antibodies used in this study: anti-CDK2

(Abcam, Cambridge, MA, USA; 1:1000), anti-cyclin E1

(Abcam; 1:1000), anti-p27 Kip1 (Abcam; 1:1000), anti-

cleaved caspase3 (Abcam; 1:1000) and anti-β-actin
(Abcam; 1:1000). β-actin was used as an internal control.

Luciferase Reporter Assay
MiR-575 targeted gene prediction was performed using

2 publicly available programs (miRDB and TargetScan).

The results were selected for further analysis. Then, the

wild type (wt) or mutate type (mt) of p27 3ʹ-UTR was

built based on pmiRGLO vector (Promega, Fitchburg, WI,

USA) and named as wt-p27 or mt-p27. Cells were co-

transfected with synthetic miRNAs and wt or mt-p27 using

Lipofectamine 2000. After 48 h of transfection, luciferase

activity was measured using dual-luciferase reporter assay

system (Promega).

In vivo Experiments
Eighteen BALB/c nude mice (6–8 weeks old) were pur-

chased from Vital River (Beijing, China). The mice were

housed within a dedicated SPF facility (six mice per

group). GBC-SD cells were subcutaneously transplanted

into mouse according to the previous reference.18 When

the tumor volume reached about 150 mm3, vector-control

or miR-575 antagonist (50 nM) was injected intra-tumor

twice weekly. The tumor volume was measured weekly

according to the formula: Length×Width×Width/2.19 At

the end of the experiments, mice were sacrificed and the

tumors were collected and weighted. All in vivo experi-

ments were performed in accordance with National

Institutes of Health guide for the care and use of laboratory

animals, following a protocol approved by the Ethics

Committees of Clinical Medical College, Jiangsu

Vocational College of Medicine (No. 20190516030).

Statistical Analysis
Each group were performed at least three independent

experiments and all data were expressed as the mean ±

standard deviation (SD). Differences were analyzed using

Student’s t-test (only 2 groups) or one-way analysis of

variance (ANOVA) followed by Tukey’s test (more than

2 groups, Graphpad Prism7). P<0.05 was considered to

indicate a statistically significant difference.

Results
Downregulation of miR-575 Promoted

the Proliferation of GBC Cells
To detect the efficacy of transfections, the expressions of

miR-575 in GBC cells were measured with qRT-PCR. As

indicated in Figure 1A, the level of miR-575 in GBC

cells was significantly increased in the presence of miR-

575 agonist. In contrast, miR-575 antagonist notably
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downregulated the expression of miR-575 in GBC cells.

This data revealed that GBC cells were stably transfected

with miR-575 agonist or antagonist. Next, to explore the

role of miR-575 during the tumorigenesis of GBC, CCK-

8 assay was performed. As revealed in Figure 1B and C,

the OD value of GBC cells was significantly decreased

by miR-575 antagonist but increased in the presence of

miR-575 agonist. In Ki-67 immunofluorescence assay,

downregulation of miR-575 obviously inhibited the pro-

liferation ability of GBC cells compared with control.

However, overexpression of miR-575 significantly pro-

moted the proliferation of GBC cells (Figure 1D

and E). Thus, these results revealed that downregulation

of miR-575 could inhibit the proliferation of GBC cells,

while upregulation of miR-575 exhibited the opposite

effect.

Figure 1 Downregulation of miR-575 significantly upregulated the proliferation of GBC cells. GBC-SD or G415 cells were transfected with miR-575 agonist, miR-575

antagonist, negative control (NC) or nothing (Blank) for 24 h. (A) The expression of miR-575 in GBC-SD or G415 cells was detected by using qRT-PCR. (B) After 0, 24, 48,
or 72 h of incubation, the OD value of GBC-SD cells was determined using CCK-8 assay. (C) After 0, 24, 48, or 72 h of incubation, the OD value of G415 cells was

determined using CCK-8 assay. (D) After 48 h of incubation, the expression of Ki-67 in GBC-SD cells was detected by immunofluorescence staining. The expression of Ki-

67 in GBC-SD cells was quantified by integrated optical density (IOD). (E) After 48 h of incubation, the expression of Ki-67 in G415 cells was detected by

immunofluorescence staining. The expression of Ki-67 in G415 cells was quantified by integrated optical density (IOD). Each group were performed at least three

independent experiments. *P<0.01 vs control group; **P<0.01 vs control group.
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Downregulation of miR-575 Significantly

Induced Apoptosis of GBC Cells
Next, to assess the effect of miR-575 on cell apoptosis

of GBC-SD, flow cytometry was performed. As showed

in Figure 2A and B, miR-575 antagonist notably

induced apoptosis of GBC-SD cells. As expected, upre-

gulation of miR-575 had no effect on cell apoptosis.

Consistently, as showed in Supplementary Figure 1A

and B, downregulation of miR-575 notably induced the

apoptosis of G415 cells. These data suggested that

downregulation of miR-575 could induce apoptosis of

GBC cells.

Downregulation of miR-575 Notably

Inhibited the Invasion of GBC Cells
To examine the effect of miR-575 on invasion of GBC

cells, transwell was performed. As expected, downregula-

tion of miR-575 significantly inhibited the invasion of

GBC-SD cells, while miR-575 agonist promoted cell inva-

sion (Figure 2C and D). Similarly, miR-575 antagonist

significantly inhibited the invasion of G415 cells

(Supplementary Figure 1C and D). These data revealed

that downregulation of miR-575 significantly downregu-

lated the invasion of GBC cells, while upregulation of

miR-575 exhibited the opposite effect in vitro.

Figure 2 Downregulation of miR-575 significantly induced the apoptosis and inhibited the invasion in GBC-SD cells. GBC-SD cells were transfected with miR-575

antagonist, miR-575 agonist, or NC for 24 h. Then, cells were incubated for another 48 h. (A, B) The rate of apoptotic cells was detected by FACS after double staining with

Annexin V and PI. X-axis: the level of Annexin-V FITC fluorescence; Y-axis: the PI fluorescence. (C, D) The invasion of GBC-SD cells was detected with transwell assay. Each

group were performed at least three independent experiments. *P<0.01 vs control group; **P<0.01 vs control group.
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p27 Kip1 Was a Direct Binding Target of

miR-575
TargetScan and miRDB were used to search target genes

of miR-575. The result suggested that p27 Kip1 might be

a potential target of miR-575 (Figure 3A and B). In addi-

tion, we applied dual-luciferase reporter assay to evaluate

whether p27 Kip1 was a binding target for miR-575. The

results demonstrated that miR-575 agonist inhibited the

luciferase activity of psiCHECK-2-p27 Kip1-WT; how-

ever, it did not affect the luciferase activity of

psiCHECK-2-p27 Kip1-MT (Figure 3C). Additionally,

the result of Western blot showed that the protein expres-

sion of p27 Kip1 in GBC-SD cells was notably decreased

in the presence of miR-575 agonist (Figure 3D and E). All

these data suggested that p27 Kip1 was a direct down-

stream target of miR-575.

Downregulation of miR-575 Obviously

Induced G1 Arrest in GBC Cells
Next, flow-cytometry was applied to detect the cell cycle

distribution in GBC-SD. As illustrated in Figure 4A and B,

downregulation of miR-575 notably induced G1 arrest in

GBC-SD cells, while miR-575 agonist exhibited the opposite

effect. Since miR-575 antagonist exhibited significantly reg-

ulatory effect on cell apoptosis and cycle of GBC-SD, apop-

tosis and cell cycle-related proteins were detected by

Western blot. The results indicated that miR-575 antagonist

markedly enhanced the expressions of cleaved caspase3 and

p27 Kip1 and decreased the expressions of CDK2 and cyclin

E1 in GBC cells (Figure 4C–G). Moreover, miR-575 antago-

nist greatly induced G1-arrest in G415 cells (Supplementary

Figure 1E and F). Taken together, downregulation of miR-

575 could significantly induce G1 arrest in GBC-SD cells.

Figure 3 MiR-575 directly targeted p27 Kip1. (A, B) Gene structure of p27 Kip1 at the position of 498–505 indicates the predicted target site of miR-575 in its 3ʹUTR, with
a sequence of GGAAUUC. (C) The luciferase activity was measured after co-transfecting with WT/MT p27 Kip1 3′-UTR plasmid and miR-575 agonist in GBC-SD cells using

the dual-luciferase reporter assay. The results were normalized to Renilla luciferase. (D) GBC-SD cells were transfected with miR-575 agonist, NC, or nothing (Blank) for 24

h and the cells were incubated for another 48 h. Protein expression of p27 Kip1 in GBC-SD cells was detected with Western blotting. (E) The relative expression of p27

Kip1 was quantified via normalization to β-actin. Each group were performed at least three independent experiments. **P<0.01 vs control group.
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MiR-575 Antagonist Significantly Inhibited

GBC Tumor Growth in vivo
To further evaluate the effect of miR-575 on tumor

growth of GBC in vivo, xenograft model was established.

As indicated in Figure 5A and B, downregulation of

miR-575 markedly inhibited the tumor sizes in mice. In

addition, miR-575 antagonist significantly decreased the

weight of tumors, compared with control (Figure 5C).

Meanwhile, the expression of miR-575 was significantly

downregulated in tumor tissues after miR-575 antagonist

injection (Figure 5D). All these data revealed that miR-

575 antagonist could inhibit tumor growth of GBC

in vivo.

Downregulation of miR-575 Significantly

Decreased the Expression of Cell

Cycle-Related Proteins in vivo
To investigate the effect of miR-575 on the expression of

cycle-related proteins in tumor tissues, Western blot assay

was performed. As indicated in Figure 6A–D, miR-575

antagonist notably increased the level of p27 Kip1 and

decreased the expressions of cyclin E1 and CDK2 in

tumor tissues. These data were consistent with in vitro

result and further revealed that miR-575 antagonist inhib-

ited GBC tumor growth via modulating the expression of

cell cycle-related proteins.

Discussion
Recent studies have reported that the miRNA was

involved in the growth of GBC, and dysregulation of

miRNAs plays a critical role during the tumorigenesis

of GBC.20–22 In this research, we found that the cell

growth of GBC was significantly inhibited by miR-575

antagonist. Our study firstly found the effect of miR-575

on GBC, indicating that miR-575 could function as an

oncogene in GBC. A previous study found that miR-575

knockdown significantly downregulated the progression

of gastric cancer cells.23 Additionally, miR-575 was nota-

bly upregulated in hepatic carcinoma.24 Our finding was

consistent with these data suggesting that miR-575 might

act as an oncogene.

It has been confirmed that miRNAs exert their biolo-

gical functions due to their target genes.25,26 In this study,

luciferase reporter assay indicated that p27 Kip1 was

identified as a downstream target of miR-575 in GBC.

P27 Kip1 is a cell cycle regulator firstly regarded as

a cyclin-dependent kinase antagonist.27 It has been

Figure 4 Downregulation of miR-575 induced G1 arrest in GBC-SD cells. GBC-SD cells were transfected with miR-575 antagonist, miR-575 agonist, nothing, or miR-NC

(NC) for 24 h. Then, cells were incubated for another 48 h. After transfection (A, B) the cell cycle distribution in G0/G1, S, and G2 phase after propidium iodide staining of

GBC cells were determined by FACS. (C) Expressions of cleaved caspase3, p27 Kip1, CDK2, and cyclin E1 in GBC-SD cells were detected with Western blotting. (D–G)

The relative expressions of cleaved caspase3, p27 Kip1, CDK2, and cyclin E1 in GBC-SD cells were quantified via normalization to β-actin. Each group were performed at

least three independent experiments. **P<0.01 vs control group.
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reported that Rooibos decreased the proliferation of castra-

tion-resistant prostate cancer cells via upregulation of p27

Kip1.28 Additionally, Higd-1a inhibited the progression of

pancreatic cancer cells through a pERK/p27 Kip1/pRB

pathway.29 In our research, downregulation of miR-575

significantly increased the protein level of p27 Kip1. Our

findings were consistent with the previous studies.

Collectively, our findings revealed that miR-575 exhibited

an oncogenic effect on GBC cells via targeting p27 Kip1.

Otherwise, a previous report has suggested that miR-575

could mediate the progression of gastric cancer via target-

ing PTEN.23 This difference may be due to the different

tumor types.

Additionally, in vitro experiments indicated that

downregulation of miR-575 significantly induced G1

arrest in GBC cells via downregulating the expression

of CDK2 and cyclin E1. CDK2 and cyclin E1 have been

regarded to be cell cycle regulators in malignant

tumors.30–33 Moreover, Liu et al found that NF-κB

induced cell cycle arrest in laryngeal squamous cell

cancer via downregulation of CDK2.34 Overexpression

of p38γ could promote the progression of human color-

ectal cancer via upregulation of cyclin E1.35 Our

research was consistent with these data, revealing that

miR-575 antagonist notably induced G1 arrest in GBC

cells through inactivating CDK2 and cyclin E1. On the

other hand, this study found that downregulation of

miR-575 notably activated cleaved caspase 3 in GBC

cells. It has been confirmed that cleaved caspase3 is

a pro-apoptotic protein.36 Our result further confirmed

the role of cleaved caspase 3, indicating that miR-575

antagonist induced the apoptosis of GBC cells through

upregulation of cleaved caspase 3. Frankly speaking, we

only focused on the effect of miR-575 on cell cycle-

related proteins so far. Since Lupeol inhibited the tumor-

igenesis of GBC via suppression of EGFR/MMP-9 sig-

naling pathway,37 we will further investigate the effect

of miR-575 on EGFR/MMP-9 signaling.

Taken together, downregulation of miR-575 signifi-

cantly suppressed the tumorigenesis of GBC via targeting

p27 Kip1, which may be used as a potential target for the

treatment of GBC.

Figure 5 Downregulation of miR-575 inhibited tumor growth of GBC in vivo. GBC-SD cells were subcutaneously injected into nude mice to establish tumor xenograft

model. MiR-575 antagonist or vector control was directly injected into the tumors twice a week. (A) Tumor volumes of mice were measured weekly. (B) At the end of the

study, tumor tissues of mice were collected and pictured. (C) Tumor weights in each group of mice were calculated. (D) The level of p27 Kip1 in tumor tissues was detected

using qRT-PCR. Each group were performed at least three independent experiments. **P<0.01 vs control group.
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