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Background: Colorectal cancer is a leading cause of cancer-related death in the world.

Despite cisplatin is a commonly used chemotherapeutic drug for the colorectal cancer

treatment, resistance of cancer cells to cisplatin restricts its clinical efficacy. It is important

to explore the potential mechanisms and take strategies to sensitize colorectal cancer cells to

cisplatin treatment.

Methods: Differences of TRIM32 and miR-519d expression between colorectal cancer cells

and human normal colon epithelial cells were evaluated by qRT-PCR and Western blot

assays. Cytotoxicity of cisplatin against colorectal cancer cells was tested by CCK-8 assay.

Generation of reactive oxygen species (ROS), mitochondrial membrane potential and apop-

tosis was measured by flow cytometry. Dual-luciferase reporter assay was used to validate

the association between miR-519d and TRIM32.

Results: Significant increase of TRIM32 expression in colorectal cancer tissues and cell

lines was observed. TRIM32 negatively regulated the cisplatin sensitivity in colorectal

cancer cells. Mechanically, overexpression of TRIM32 was induced by decrease of miR-

519d. Exogenous miR-519d can inhibit the expression of TRIM32 and thus promoted the

cisplatin-induced apoptosis through the mitochondrial pathway.

Conclusion: Overexpression of TRIM32 was induced by the absence of miR-519d in

colorectal cancer. MiR-519d can be used as a sensitizer during the cisplatin-based che-

motherapy of colorectal cancer.
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Introduction
Colorectal cancer (CRC) is one of the most prevalent malignant tumors and the

incidence of CRC continues to increase every year.1,2 Because of the high recurrence

and high metastasis of CRC, mortality rate of CRC is still very high nowadays.3,4 In the

treatment of CRC, surgical resection is the most effective therapeutic approach. how-

ever, it is only suitable for patients with early- to mild-stage CRC. For patients with the

advanced CRC, chemotherapy is still an irreplaceable and important strategy in the

treatment course.5–7 However, the resistance of cancer cells to chemotherapeutic drugs

restricts the clinical efficacy of chemotherapy.8,9 There is an urgent need to identify

novel targets and improve clinical outcome.

MicroRNAs (miRNAs) are an enormous group of non-coding RNAs with short

nucleotides. MiRNAs can decrease expression of more than 30% of human genes

through binding to 3ʹuntranslated region (3ʹ UTR) of targeted mRNAs at the post-

transcriptional or translational level.10,11 Thus, miRNAs can mediate abundant

biological processes, including cell proliferation, differentiation, apoptosis and
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tumorigenesis.12–14 In cancer cells, it has been found that

miRNAs are usually dysregulated. Furthermore, previous

studies have demonstrated that aberrant expression of

miRNAs is an important cause of chemoresistance in

cancers including CRC.15–17 Therefore, miRNAs can be

considered as a potential target for sensitizing the

chemotherapy.

TRIM32 is a protein that belongs to the tripartite motif

(TRIM) family. As a member of TRIM family, TRIM32 has

E3 ubiquitinase activity that promotes post-translational

modifications of various substrates.18,19 TRIM32 is involved

in a wide range of biological processes, including cell

growth, differentiation and apoptosis. In cancer cells, it has

been reported that TRIM32 is usually overexpressed and

promotes cell proliferation, migration and invasion.20,21

Thus, TRIM32 is suggested to exert oncogenic functions.

However, the potential role of TRIM32 in chemoresistance is

still unclear. In this study, we found that TRIM32 was over-

expressed and was targeted by miR-519d in CRC cells. The

aim of this study is to investigate the potential role of miR-

519d/TRIM32 axis in sensitizing CRC cells to cisplatin.

Materials and Methods
Cell Culture and Patients’ Specimens
Human CRC cell lines HT29 and SW480 and human normal

colon epithelial cell line FHC were purchased from American

Type Culture Collection (ATCC, Manassas, Virginia, USA)

and maintained in RPMI-1640 (Gibco; Thermo Fisher

Scientific, Inc., Waltham, MA, USA) supplemented with

10% fetal bovine serum (FBS) (Gibco; Thermo Fisher

Scientific, Inc., Waltham, MA, USA). All of these cells were

maintained at 37°C in a humidified 5% CO2 incubator. To

detect the expression of miR-519d in CRC in vivo, 25 pairs of

CRC tumor tissues and corresponding paracancerous tissues

were obtained from Hainan General Hospital between

May 2016 and December 2018 from patients who had under-

gone surgical resection. The study was approved by the Ethics

Committee and Institutional Review Board of Hainan General

Hospital. We have obtained the written informed consent from

all of the patients.

RNA Extraction and Quantitative

Reverse Transcriptase Real-Time PCR

(qRT-PCR)
Total RNAs from tissues or cells were isolated by using

TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.,

Waltham, MA, USA) according to the manufacturer’s

instruction. Subsequently, One Step PrimeScript miRNA

cDNA Synthesis Kit (Takara Bio, Inc., Otsu, Japan) was

applied to synthesize cDNA according to the manufac-

turer’s instruction. Afterward, qPCR was carried out by

using the SYBR Premix Ex Taq II (Takara Bio, Inc., Otsu,

Japan) based on the manufacturer’s protocols. GAPDH

was used as the internal reference for normalization of

TRIM32 mRNA expression. Meanwhile, the expression

of miR-519d was determined according to the internal

control of U6 snRNA. Relative gene expression was cal-

culated by using the 2−ΔΔCt method.

Cell Transfection
Human miR-519d mimics, negative control oligonucleotide

(NCO) and TRIM32 short interfering RNA (siRNA) were

purchased from GenePharma (Shanghai, China). pcDNA3.1

plasmid was also obtained from GenePharma (Shanghai,

China). The TRIM32 plasmid was constructed by inserting

the open reading frame of TRIM32 gene into the pcDNA3.1

vector. For transfection, cancer cells with the density of

4×105 cells/well were seeded into six-well plates, then the

miR-519d mimics (50 pmol/mL), antisense oligonucleotide

(anti-miR-519d), NCO (50 pmol/mL), TRIM32 siRNA (50

pmol/mL) and TRIM32 plasmid (2 μg/mL) were transfected

into cells by using Lipofectamine 2000 (Invitrogen; Thermo

Fisher Scientific, Inc., Waltham, MA, USA) according to the

instruction of the manufacturer.

Cell Viability and IC50
The cytotoxicity of cisplatin (Sigma-Aldrich; Merck,

Germany) against SW480 and HT29 cells was determined

by using a cell counting kit-8 (CCK-8; Beyotime, Shanghai,

China) assay. Briefly, transfected cells were seeded into a 96-

well plate at 5 × 103 cells/well and cultured overnight for

adherence. Subsequently, cells with different treatments were

treated with various concentrations of cisplatin for 48 hrs.

After treatment, cells were incubated by 10 μL CCK-8 for

2 hrs according to the manufacturer’s protocol. The absor-

bance was determined at 450 nm by using a microplate

reader (Sunrise Microplate Reader, TECAN, Switzerland).

Half maximal inhibitory concentration (IC50) of cisplatin

was calculated according to the cell viability curve. All the

procedures were conducted in triplicate.

Western Blot Analysis
Proteins were extracted from cells by using RIPA buffer (Cell

Signaling Technology, Beverly, USA). Equal amount of

protein samples were separated by 10% sodium dodecyl

Su et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
OncoTargets and Therapy 2020:13278

http://www.dovepress.com
http://www.dovepress.com


sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and

then transferred to polyvinylidene fluoride (PVDF) mem-

branes (Millipore, Billerica, MA, USA). The membranes

were blocked with 5% non-fat milk and subsequently incu-

bated with primary antibodies of TRIM32, Bcl-2, caspase-9,

caspase-3 and GAPDH (Cell Signaling Technology, Beverly,

USA) overnight. The membranes were then probed with

corresponding secondary antibodies at room temperature

for 1 hr. Immunoreactive protein bands were visualized by

using an enhanced chemiluminescent substrate (Thermo

Fisher Scientific, Inc, Waltham, MA, USA).

Luciferase Reporter Assay
TRIM32 3ʹ UTR fragment was amplified from cDNA and

cloned into the pMIR-REPORT™ miRNA Expression

Reporter Vector (Thermo Fisher Scientific, Inc, Waltham,

MA, USA) according to the manufacturer’s instruction. The

recombinant plasmidwas named as pMIR-wtTRIM32. pMIR-

REPORT with mutant TRIM32 3ʹ UTR (pMIR-mtTRIM32)

was obtained by usingQuikChange Site-DirectedMutagenesis

kit (Stratagene, Missouri, Texas, USA). After co-transfection

with miR-519d mimics, pMIR-REPORT and Renilla lucifer-

ase pRL-TKvectors (Promega,Madison,WI,USA) for 48 hrs,

luciferase activities were measured by using Dual-Luciferase

Reporter assay system (Promega,Madison,WI, USA) accord-

ing to the manufacturer’s instruction.

Flow Cytometry
Mitochondrial membrane potential (MMP), reactive oxygen

cluster (ROS) and cell apoptosis were detected by flow cyto-

metry analysis. Cells were harvested and washed twice with

PBS. For detection of MMP, cells were resuspended in PBS

and stained with 5,5′,6,6′-Tetrachloro-1,1′,3,3′-tetraethyl imi-

dacarbo cyanine iodide (JC-1) (Molecular Probes; Waltham,

MA, USA) as an indicator. Cells with high MMP emits red

fluorescence and cells with low MMP emits green fluores-

cence. For the detection of ROS, cells were stained with

dihydroethidium (DHE) (Molecular Probes; Waltham, MA,

USA) for 15 min at room temperature. For measurement of

cell apoptotic rate, Annexin V-FITC Apoptosis Detection Kit

(Sigma-Aldrich; Merck, Germany) was used according to the

manufacturer’s instruction.

Animal Model
Lentivirus carrying miR-519d precursor was conducted by

Genechem Co., Ltd (Shanghai, China). For xenograft, 5×106

HT29 cells transfected with lentivirus carrying miR-519d

precursor (HT29-miR-519d) or HT29 cells transfected with

empty lentivirus (HT29-control) were injected subcuta-

neously into the right armpit of mice (four-week-old and

female immunodeficient nude BALB/c mice; Shanghai

Super-B&K Laboratory Animal Corp., Ltd., Shanghai,

China). Cisplatin (2 mg/kg) was administrated by intraper-

itoneal injection twice a week when the xenografts reached

0.5 cm in diameter. The volume of the tumour was monitored

every 3 days and calculated by using the following formula:

volume = (length × width2)/2. Twenty-eight days post-

inoculation, mice were sacrificed and the tumors were

extracted for further analysis. All animal procedures and

experimental protocols were approved by the Animal Care

Committee of Hainan General Hospital.

Statistical Analysis
Data are represented as mean ± standard deviation (SD) and

obtained from three independent experiments. For compar-

ison analysis, two-tailed Student’s t-tests were used to esti-

mate the statistical differences between two groups. One-way

analysis of variance (ANOVA) and Bonferroni’s post hoc test

were used to determine the differences between three or more

groups. Statistical analyses were performed with SPSS soft-

ware, version 16.0 (IBM, Armonk, NY). P<0.05 was con-

sidered to indicate a statistically significant difference.

Results
Increase of TRIM32 Expression in CRC
To investigate the potential role of TRIM32 in CRC, we first

detected the expression of TRIM32 in CRC patients’ sam-

ples and CRC cell lines. Results of qRT-PCR analysis

showed that TRIM32 expression was upregulated in color-

ectal tumor tissues compared to the paracancerous tissues at

the mRNA level (P<0.05) (Figure 1A). Similarly, we found

that mRNA expression of TRIM32 in SW480 and HT29

cells was higher than that in human normal colon epithelial

cell line FHC (P<0.05) (Figure 1B). Additionally, results of

Western blot assays showed that both CRC tissues and cell

lines expressed higher amount of TRIM32 at the protein

level (P<0.05) (Figure 1C). These results indicated the

increase of TRIM32 expression in CRC.

Knockdown of TRIM32 Increases the

Sensitivity of CRC Cells to Cisplatin
To investigate the association between TRIM32 and cisplatin

sensitivity in CRC,wefirst changed the expression of TRIM32

in SW480 and HT29 cells by using TRIM32 plasmid and

siRNA. The transfection efficiency of TRIM32 siRNA and
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plasmid on changing the TRIM32 protein level was shown in

Figure 2A. Next, we performed CCK-8 assays to evaluate the

effect of TRIM32 plasmid and siRNA on changing the sensi-

tivity of SW480 and HT29 cells to cisplatin. As shown in

Figure 2B, TRIM32 plasmid slightly decreased the sensitivity

of SW480 and HT29 cells to cisplatin, whereas knockdown of

TRIM32 obviously enhanced the cytotoxicity of cisplatin

against SW480 and HT29. After analysis of the cell viability

curve, we indicated that TRIM32 siRNA reduced the IC50 of

cisplatin by 83.5% to SW480 and 74.3% toHT29, respectively

(P<0.05) (Figure 2C). We thus demonstrated that the expres-

sion level of TRIM32 partially determined the cisplatin sensi-

tivity of SW480 and HT29. Knockdown of TRIM32 can

enhance the cytotoxicity of cisplatin against CRC.

Overexpression of TRIM32 Is Induced by

Downregulation of miR-519d in CRC
To investigate the mechanism by which TRIM32 was over-

expressed in CRC cells, we searched the upstream miRNA of

TRIM32 through the online bioinformatics tools TargetScan

Figure 1 Increase of TRIM32 expression in colorectal cancer. (A) mRNA expression levels of TRIM32 in 25 pairs of colorectal cancer patients’ tumor tissues and

paracancerous tissues were evaluated by qRT-PCR analysis. (B) mRNA expression levels of TRIM32 in FHC, SW480 and HT29 cells were detected by qRT-PCR analysis. (C)

Protein levels of TRIM32 in colorectal cancer tissues, paracancerous tissues, FHC, SW480 and HT29 were detected by Western blot assays.

Notes: Data was expressed as mean±SD. #P<0.05 vs paracancerous tissues, *P<0.05 vs FHC group.

Abbreviations: TRIM32, tripartite motif 32; mRNA, messenger RNA; qRT-PCR, quantitative real-time polymerase chain reaction.
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Figure 2 Knockdown of TRIM32 increases the sensitivity of colorectal cancer cells to cisplatin. (A) Effect of TRIM32 siRNA and plasmid on changing the TRIM32 expression

was detected by Western blot assay. (B) SW480 and HT29 cells were transfected with TRIM32 siRNA or plasmid. 24 hrs later, these cells were treated with different

concentrations of cisplatin (0–30 μM) for another 48 hrs. CCK-8 assays were performed to measure the cell viability of these cells. (C) Effect of TRIM32 siRNA and plasmid

on changing the IC50 of cisplatin to SW480 and HT29.

Notes: Data was expressed as mean±SD. *P<0.05 vs NCO group.

Abbreviations: TRIM32, tripartite motif 32; CCK-8, Cell Counting Kit-8; IC50, 50% inhibiting concentration; siRNA, small interfering RNA.
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(http://www.targetscan.org), miRanda (http://www.microrna.

org/microrna/microrna/home.do) and PicTar (http://www.pic

tar.org). All of these databases commonly predicted that

TRIM32 may be targeted by miR-519d (Figure 3A).

Additionally, we found obvious downregulation of miR-

519d in CRC tissues (P<0.05) (Figure 3B) and CRC cell

lines (P<0.05) (Figure 3C). We thus predicted that

Overexpression of TRIM32 is associated with the downregu-

lation of miR-519d in CRC. To confirm this speculation, we

detected the expression level of TRIM32 after transfection

with miR-519d mimics in SW480 and HT29 cells. Effect of

miR-519d mimics on changing the miR-519d level in SW480

and HT29 was shown in Figure 3D. Next, results of Western

blot analysis revealed that transfection with miR-519d mimics

can decrease the protein level of TRIM32 obviously in both

SW480 and HT29 cells (P<0.05) (Figure 3E). Furthermore,

results of luciferase reporter assays showed that transfection

with miR-519d mimics significantly decreased the luciferase

activities of pMIR-Reporters carrying wild type TRIM32 3ʹ

UTR (P<0.05) (Figure 3F). Taken together, we demonstrated

that TRIM32 was targeted by miR-519d. Overexpression of

TRIM32 is induced by downregulation of miR-519d in CRC

cells.

Inhibition of TRIM32 Induced by

miR-519d Increases the Sensitivity of

CRC Cells to Cisplatin
To explore whether restore of miR-519d expression can

increase the sensitivity of CRC cells to cisplatin through

inhibition of TRIM32, we co-treated the SW480 and HT29

cells with miR-519d, TRIM32 plasmid and cisplatin. Effect

of miR-519d, TRIM32 plasmid and cisplatin on changing the

TRIM32 expression was shown in Figure 4A. Results of

CCK-8 assays showed that restore of miR-519d significantly

increased the cytotoxicity of cisplatin to SW480 and HT29

cells (P<0.05). However, co-transfection with TRIM32 plas-

mid abolished the effect of miR-519d on cisplatin against

SW480 and HT29 (P<0.05) (Figure 4B). On the other hand,

despite anti-miR-519d single treatment had no effect on

SW480 and HT29 cells, it decreased the cytotoxicity of

cisplatin against the CRC cells (P<0.05) (Figure 4C). Our

Figure 3 TRIM32 is targeted by miR-519d in colorectal cancer. (A) The bioinformatics software TargetScan, miRanda and PicTar were used to identify the binding region of

miR-519d in the TRIM32 3ʹ UTR. (B) Expression levels of miR-519d in 25 pairs of colorectal cancer patients’ tumor tissues and paracancerous tissues were evaluated by qRT-

PCR analysis. (C) Expression levels of miR-519d in FHC, SW480 and HT29 were measured by qRT-PCR analysis. (D) Transfection with miR-519d mimics significantly

increased the miR-519d levels in SW480 and HT29 cells. (E) Effect of miR-519d mimics on changing the protein expression of TRIM32 was evaluated by Western blot assays.

(F) Effect of miR-519d mimics on changing the luciferase activities of pMIR-Reporters carrying wild type or mutant type of TRIM32 3ʹ UTR.
Notes: Data was expressed as mean±SD. #P<0.05 vs paracancerous tissues, *P<0.05 vs FHC group, &P<0.05 vs NCO group, $P<0.05.
Abbreviations: TRIM32, tripartite motif 32; 3ʹ UTR, 3ʹuntranslated region; qRT-PCR, quantitative real-time polymerase chain reaction.
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data indicated that combination with miR-519d can sensitize

the CRC cells to cisplatin through inhibition of TRIM32.

Inhibition of TRIM32 Induced by

miR-519d Suppresses Bcl-2 Expression

and Promotes Cisplatin-Induced

Generation of ROS
As TRIM32 has been shown to decrease the cisplatin

sensitivity in CRC, we next screened a panel of apoptosis-

related proteins to elucidate the potential mechanisms. As

a result, we found that treatment with miR-519d decreased

the expression of Bcl-2 in SW480 and HT29 cells.

However, co-transfection with TRIM32 plasmid in miR-

519d-treated CRC cells rebounds the protein level of Bcl-2

(P<0.05) (Figure 5A). Besides, although miR-519d single

treatment can not induce obvious generation of ROS, it

promoted the production of ROS in cisplatin-treated

SW480 and HT29 cells. However, overexpression of

TRIM32 in SW480 and HT29 cells made the ROS gen-

eration at a low level even the cells were co-treated with

cisplatin and miR-519d (Figure 5B). Taken together, we

found that miR-519d can suppress Bcl-2 expression and

promote the cisplatin-induced generation of ROS through

inhibition of TRIM32.

Inhibition of TRIM32 Induced by miR-519d

Promotes Mitochondria-Mediated

Intrinsic Apoptosis Induced by Cisplatin
To investigate the effect of miR-519d/TRIM32 axis on mito-

chondria-mediated apoptosis induced by cisplatin, we

detected the mitochondrial membrane potential (MMP, Δφ)
of SW480 andHT29 cells. Results of flow cytometry showed

that combination with miR-519d increased the effect of

cisplatin on MMP collapse. However, co-transfection with

Figure 4 Inhibition of TRIM32 induced by miR-519d increases the sensitivity of colorectal cancer cells to cisplatin. (A) Effect of miR-519d and TRIM32 plasmid on changing

the TRIM32 expression was evaluated by Western blot assay. (B) SW480 and HT29 cells were transfected with miR-519d and TRIM32 plasmid. 24 hrs later, these cells were

treated with cisplatin (1 μM) for another 48 hrs. CCK-8 assays were performed to measure the cell viability of these cells. (C) SW480 and HT29 cells were transfected with

anti-miR-519d. 24 hrs later, these cells were treated with cisplatin (5 μM) for another 48 hrs. CCK-8 assays were performed to measure the cell viability of these cells.

Notes: Data was expressed as mean±SD. *P<0.05 vs NCO group, #P<0.05 vs cisplatin + NCO group, &P<0.05 vs cisplatin + miR-519d group.

Abbreviations: TRIM32, tripartite motif 32; CCK-8, Cell Counting Kit-8.
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TRIM32 plasmid attenuated the collapse of MMP in the

cisplatin and miR-519d co-treated CRC cells (Figure 6A).

It suggested that miR-519d can enhance the cisplatin-

induced damage of mitochondria. Results of Western blot

analysis showed that combination with cisplatin and miR-

519d induced significant activation of caspase-9 and caspase-

3 (P<0.05) which are the markers of intrinsic apoptosis

(Figure 6B). Furthermore, the cisplatin-induced apoptosis

was expanded due to the miR-519d co-treatment (P<0.05)

(Figure 6C). These data showed that inhibition of TRIM32

induced by miR-519d can promote mitochondria-mediated

intrinsic apoptosis induced by cisplatin.

Overexpression of miR-519d Sensitizes

CRC to Cisplatin Treatment in vivo
To investigate the effect of miR-519d on cisplatin treatment

in CRC in vivo, we inoculated the nude mice with HT29 cells

transfected with lentivirus carrying miR-519d precursor

(HT29-miR-519d) or HT29 cells transfected with empty

lentivirus (HT29-control). Under the administration of

equal dose of cisplatin (2 mg/kg, twice a week), the tumor

growth of HT29-miR-519d was obviously slower than the

HT29-control (Figure 7A). The results indicated the sensiti-

zation of miR-519d on cisplatin treatment in CRC in vivo.

After euthanasia of mice, we found significant increase of

Figure 5 Inhibition of TRIM32 induced by miR-519d suppresses Bcl-2 expression and promotes the cisplatin-induced generation of ROS. (A) Effect of miR-519d and TRIM32

plasmid on changing the Bcl-2 expression was evaluated by Western blot assay. (B) SW480 and HT29 cells were transfected with miR-519d and TRIM32 plasmid. 24 hrs

later, these cells were treated with cisplatin (1 μM) for another 48 hrs. Flow cytometry analysis was performed to detect the generation of ROS.

Notes: Data was expressed as mean±SD. *P<0.05 vs NCO group, #P<0.05 vs cisplatin + NCO group, &P<0.05 vs cisplatin + miR-519d group.

Abbreviations: TRIM32, tripartite motif 32; ROS, reactive oxygen species.
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miR-519d expression in HT29-miR-519d tumors (P<0.05)

(Figure 7B). On the contrary, expression of TRIM32 andBcl-

2 was decreased in HT29-miR-519d tumors compared to the

HT29-control tumors (P<0.05) (Figure 7C). These results

indicated that TRIM32 was also targeted by miR-519d in

CRC in vivo.

Inhibition of TRIM32 Induced by miR-519d

Increases the Sensitivity of CRC Cells to

Other Platinum-Based Drugs
To explore whether restore of miR-519d expression can

increases the sensitivity of CRC cells to some other plati-

num-based drugs including oxaliplatin and carboplatin, we

transfected the SW480 and HT29 cells with miR-519d and

TRIM32 before treatment with oxaliplatin and carboplatin.

Results of CCK-8 assays showed that restore of miR-519d

significantly increased the cytotoxicity of oxaliplatin to

SW480 and HT29 cells (P<0.05) (Figure 8A). Similarly,

miR-519d also enhanced the effect of carboplatin on CRC

cells (P<0.05) (Figure 8B). However, enforced expression

of TRIM32 protected these CRC cells from oxaliplatin and

carboplatin (Figure 8A and B). These results indicated that

the miR-519d had a common activity on platinum-based

drugs through the TRIM32 pathway.

Discussion
Cisplatin is a broad-spectrum antineoplastic drug that is

commonly used for the treatment of CRC.22,23 Cisplatin

Figure 6 Inhibition of TRIM32 induced by miR-519d promotes mitochondria-mediated intrinsic apoptosis induced by cisplatin. (A) SW480 and HT29 cells were transfected

with miR-519d and TRIM32 plasmid. 24 hrs later, these cells were treated with cisplatin (1 μM) for another 48 hrs. After staining with JC-1, flow cytometry analysis was

performed to detect the MMP (Δφ) of cells. (B) Activation of caspase-9 and caspase-3 in SW480 and HT29 cells was detected by Western blot assay. (C) Apoptosis of

SW480 and HT29 cells was detected by flow cytometry analysis.

Notes: Data was expressed as mean±SD. *P<0.05 vs cisplatin + NCO group, #P<0.05 vs cisplatin + miR-519d group.

Abbreviations: TRIM32, tripartite motif 32; MMP, mitochondrial membrane potential.
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can bind to DNA in cancer cells and causes cross-linking of

DNA. Thus, cisplatin destroys the normal function of DNA

in cancer cells and induces cells to enter the apoptotic

process.24,25 However, high-dose treatment of cisplatin

causes severe side effects, including neurotoxicity, nephro-

toxicity, gastrointestinal reactions and myelosuppression.26,27

Therefore, reducing the dosage of cisplatin and increasing the

sensitivity of CRC cells to cisplatin is important to improve

the chemotherapy effect and patient compliance.

Dysregulation of miRNAs usually induces chemoresis-

tance in various cancers including CRC.15,16 Nowadays,

some specific miRNAs have been considered as novel targets

for improving the effect of chemotherapeutic drugs on

cancers.28,29 Among these cancer-related miRNAs, miR-

519d has been reported to act as a tumor suppressor in

some cancers such as breast cancer and hepatocellular

carcinoma.30,31 Furthermore, previous studies have indicated

that miR-519d can improve chemotherapy on some

cancers.32,33 It suggests that overexpression of miR-519d

may be a potential strategy in cancer therapy.

In the present study, we found that overexpression of

TRIM32 was responsible for the decrease of cisplatin sensi-

tivity in CRC. Knockdown of TRIM32 obviously improved

the cytotoxicity of cisplatin against CRC. After exploring the

association between TRIM32 and miR-519d, we found that

overexpression of TRIM32 in CRC was induced by insuffi-

ciency of miR-519d. We then proved that restore of miR-

519d can sensitize the CRC cells to cisplatin treatment

through suppression of TRIM32 in vitro and in vivo. Thus,

we demonstrated that overexpression of miR-519d may

represent a novel strategy to reduce the dosage of cisplatin

through improving the chemotherapy effect of it.

In cancer cells, cisplatin or other platinum-based drugs

induces DNA damage which is an important apoptosis

signal,34 under the effect of cisplatin-dependent apoptosis

signal, mitochondria-mediated intrinsic apoptosis pathway,

which represents a collapse of mitochondria and activation

of caspase-9 and caspase-3,35,36 will be triggered. In the

mitochondria apoptosis pathway, Bcl-2 and reactive oxy-

gen species (ROS) are important regulators. High level of

Bcl-2, which is a key anti-apoptotic protein, attenuates the

cisplatin-induced apoptosis.37 On the contrary, ROS

expands the apoptosis induced by cisplatin.38

In our further studies on miR-519d/TRIM32 axis, we

demonstrated that miR-519d inhibited TRIM32 expression

and thus suppressed the expression of Bcl-2 and promotes

the cisplatin-caused generation of ROS. Because of the

high level of ROS and inhibition of Bcl-2, apoptosis

Figure 7 Overexpression of miR-519d sensitizes colorectal cancer to cisplatin treatment in vivo. (A) Tumor growth of miR-519d-overexpressed or control HT29 tumors

which were treated with cisplatin (2 mg/kg) twice a week. (B) Expression of miR-519d in resected tumor tissues. (C) Expression of TRIM32 and Bcl-2 in resected tumor

tissues.

Notes: Data was expressed as mean±SD. *P<0.05 vs HT29-control group, #P<0.05 vs HT29-control + cisplatin group.

Abbreviations: TRIM32, tripartite motif 32; Bcl-2, B-cell lymphoma-2.
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Figure 8 Inhibition of TRIM32 induced by miR-519d increases the sensitivity of colorectal cancer cells to oxaliplatin and carboplatin. (A) SW480 and HT29 cells were

transfected with miR-519d and TRIM32 plasmid. 24 hrs later, these cells were treated with oxaliplatin (1 μM) for another 48 hrs. CCK-8 assays were performed to measure

the cell viability of these cells. (B) SW480 and HT29 cells were transfected with miR-519d and TRIM32 plasmid. 24 hrs later, these cells were treated with carboplatin (1 μM)

for another 48 hrs. CCK-8 assays were performed to measure the cell viability of these cells.

Notes: Data was expressed as mean±SD. *P<0.05 vs oxaliplatin + NCO group, #P<0.05 vs oxaliplatin + miR-519d group, &P<0.05 vs carboplatin + NCO group, $P<0.05 vs

carboplatin + miR-519d group.

Abbreviations: TRIM32, tripartite motif 32; CCK-8, Cell Counting Kit-8.
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signals produced by cisplatin were expanded to trigger the

mitochondria-mediated intrinsic apoptosis pathway. As

a result, mitochondrial membrane potential was decreased

and the effector caspases (caspase-9 and caspase-3) are

triggered to cause the apoptotic cell death of SW480 and

HT29 cells (Figure 9).

Taken together, this study indicates that inhibition of

TRIM32 induced by miR-519d increases the sensitivity of

CRC cells to cisplatin. Despite further studies are required,

the miR-519d/TRIM32 axis may represent a potential tar-

get for improving the chemotherapy effect on CRC.
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