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Abstract

Introduction
Ovarian cancer (OC) frequently occurs in postmenopausal women and it has higher mortality rate.
Accumulating researches proved that long non-coding RNA nuclear paraspeckle assembly transcript
1 (NEAT1) involved in the progression of chemoresistance in human OC. Here, the study aimed to
investigate the partial molecular mechanism of OC chemoresistance.

Material and methods
The levels of NEAT1 and microRNA-320b (miR-320b) were measured by qRT-PCR. Western blot
was carried out to determine the protein levels that used in this research. Cell viability was identified
via Cell Counting Kit-8 (CCK-8). Transwell assay was employed to determine migration and invasion.
The relationship between miR-320b and NEAT1 or MSI2 was clarified by dual-luciferase reporter
assay, RNA immunoprecipitation (RIP) and RNA pull down assay. Also, a murine xenograft assay
was used to explore the effect of NEAT1 on cisplatin resistance in OC in vivo.

Results
The level of NEAT1 was significantly increased in cisplatin resistant OC cell lines. Downregulation of
NEAT1 enhanced cisplatin sensibility in OVCAR-3/DDP and HEY/DDP cells. Furthermore, miR-320b
was a target of NEAT1, and the effects of knockdown of NEAT1 on the cell viability, IC50 of cisplatin,
migration and invasion in OVCAR-3/DDP and HEY/DDP were restored by the inhibitor of miR-320. In
addition, miR-320b directly targeted MSI2 to regulate cisplatin sensibility in cisplatin resistant OC
cells. In addition, downregulation of NEAT1 decreased cisplatin resistance in OC in vivo.

Conclusions
NEAT1 regulated cisplatin resistance through NEAT1/miR-320b/MSI2 axis in OC, which might offer a
novel therapy target for the chemotherapy of OC.
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Abstract 23 

Introduction: Ovarian cancer (OC) frequently occurs in postmenopausal women and 24 

it has higher mortality rate. Accumulating researches proved that long non-coding RNA 25 

nuclear paraspeckle assembly transcript 1 (NEAT1) involved in the progression of 26 

chemoresistance in human OC. Here, the study aimed to investigate the partial 27 

molecular mechanism of OC chemoresistance. 28 

Methods: The levels of NEAT1 and microRNA-320b (miR-320b) were measured by 29 

qRT-PCR. Western blot was carried out to determine the protein levels that used in this 30 

research. Cell viability was identified via Cell Counting Kit-8 (CCK-8). Transwell 31 

assay was employed to determine migration and invasion. The relationship between 32 

miR-320b and NEAT1 or MSI2 was clarified by dual-luciferase reporter assay, RNA 33 

immunoprecipitation (RIP) and RNA pull down assay. Also, a murine xenograft assay 34 

was used to explore the effect of NEAT1 on cisplatin resistance in OC in vivo. 35 

Results: The level of NEAT1 was significantly increased in cisplatin resistant OC cell 36 

lines. Downregulation of NEAT1 enhanced cisplatin sensibility in OVCAR-3/DDP and 37 

HEY/DDP cells. Furthermore, miR-320b was a target of NEAT1, and the effects of 38 

knockdown of NEAT1 on the cell viability, IC50 of cisplatin, migration and invasion in 39 

OVCAR-3/DDP and HEY/DDP were restored by the inhibitor of miR-320. In addition, 40 

miR-320b directly targeted MSI2 to regulate cisplatin sensibility in cisplatin resistant 41 

OC cells. In addition, downregulation of NEAT1 decreased cisplatin resistance in OC 42 

in vivo. 43 

Conclusion: NEAT1 regulated cisplatin resistance through NEAT1/miR-320b/MSI2 44 
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axis in OC, which might offer a novel therapy target for the chemotherapy of OC. 45 

Key words: NEAT1, miR-320b, MSI2, cisplatin resistant, OC 46 

 47 

Introduction 48 

Ovarian cancer (OC) is a common cause of cancer-related death in women. It 49 

frequently occurs in postmenopausal women, along with several months of abdominal 50 

pain and distension. Most patients come under observation have been in International 51 

Federation of Gynecology and Obstetrics [FIGO] stage III [1], usually therapy by using 52 

surgery and systemic treatment including chemotherapy, antiangiogenic drugs and 53 

PARP inhibitors and in selected cases radiotherapy. However, because of lack of 54 

effective chemotherapy strategy, the mortality of OC patients is still high, accompanied 55 

by a cure rate of only 30% [2]. Exploring effective anti-cancer drugs or enhance 56 

chemosensitivity is of great significance. Oridonin was reported to repress OC cell 57 

metastasis [3], but whether it could be used for clinical treatment remains uncertain. 58 

Cisplatin (DDP) is a common and effective chemotherapy drug for the therapy of OC 59 

[4]. Thus this study focused on the regulatory mechanism of cisplatin (DDP) resistance.  60 

Over the past decades, studies indicated that chemoresistance was influenced by 61 

multiple factors, including long non-coding RNAs (lncRNAs) [5]. LncRNA is a kind 62 

of transcript, which has no function of translating into protein, but involved in the 63 

pathogenesis of various diseases, including but not limited to tumors. Accumulating 64 

researches proved that lncRNA modified cancer-associated processes, like metastasis 65 

and loss of imprinting [6]. Specially, upregulation of lncRNA anti-differentiation non-66 
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coding RNA (DANCR) involved in the advanced progression of tumor and poor 67 

prognosis in colorectal cancer [7], downregulation of it enhanced osteoblast 68 

differentiation by regulating enhancer of zeste homolog 2 (EZH2) [8]. What’s more, 69 

lncRNAs was associated with the function and regulatory mechanism of OC [9]. Such 70 

as metastasis-associated lung adenocarcinoma transcript 1 (MALAT1) induced 71 

epithelial ovarian cancer cell proliferation and metastasis by phosphatidylinositol 3-72 

kinase/ protein kinase B (PI3K/AKT) signaling pathway [10]. Prostate cancer-73 

associated transcript-1 (PCAT-1) was upregulated in OC and facilitated OC cell 74 

progression [11]. Myocardial infarction-associated transcript MIAT negative regulated 75 

miR-330-5p and acted as a tumor oncogenic lncRNA in epithelial ovarian cancer 76 

tumorigenesis [12]. Moreover, nuclear paraspeckle assembly transcript 1 (NEAT1) 77 

facilitated paclitaxel resistance in OC cells through microRNA-194/zincfinger ebox 78 

binding homeobox 1 (miR-194/ZEB1) axis [13]. All evidence suggested that NEAT1 79 

participated in the progression and chemoresistance of OC, further researches for the 80 

molecular mechanism of the process needed to be conducted. 81 

MicroRNAs (miRNAs) have been discovered to involve in the initiation and 82 

progression of tumors [14]. MicroRNA research in the context of tumor is a new 83 

strategy for pharmacologic approaches [15]. For example, microRNA-200, which was 84 

a family of tumor repressor miRNAs was strongly associated with inhibition of 85 

epithelial mesenchymal transformation, caused the inhibiting effect of cancer stem cells 86 

[16]. MicroRNA-179 targeted to PTEN-mediated PI3K/AKT signaling pathway to 87 

regulate proliferation and chemosensitivity of human ovarian cancer cells [17]. 88 
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MicroRNA-331-3p reduced regulator of chromosome condensation 2 (RCC2) 89 

expression to impede OC cell proliferation and metastasis [18]. Previous research also 90 

shown that mircroRNA-320 acted as a hypoxia-regulated microRNA, was 91 

downregulated in hypoxic cells and regulated the expression of VEGF [15]. Meanwhile, 92 

miRNA also modulated the chemoresistance in human cancer [19]. MicroRNA-214 93 

promoted cell survival and cisplatin resistance in OC by targeting phosphatase and 94 

tensin homolog deleted on chromosome ten (PTEN) [20]. MircroRNA-320b (miR-320b) 95 

as a target of X-inactive specific transcript (XIST), regulated the progression of 96 

osteosarcoma [21]. However, whether miR-320b modulates cisplatin resistance of 97 

human OC is unknown. 98 

Musashi-2 (MSI2) has been proved to regulate the progression in amounts of 99 

human diseases [22]. For example, MSI2 contributed to cell metastasis by supporting 100 

transforming growth factor- (TGF-) [23]. MSI2 was a predictive biomarker for liver 101 

metastasis and was related to poor prognosis in colorectal cancer [24]. Moreover, MSI2 102 

induced the chemoresistance of liver cancer stem cells by regulating the activation of 103 

lin-28 homolog A (LIN28A) [25]. All evidence revealed that MSI2 may participate in 104 

chemoresistance in the therapy of human OC. 105 

Herein, the research paid attention to the regulatory mechanism of NEAR1, miR-106 

320b and MSI2 in OC chemoresistance, and uncovered that NEAT1/miR-320b/MSI2 107 

axis regulated the chemoresistance of OC in vivo and in vitro. 108 

 109 

Materials and methods 110 
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Cell culture 111 

Firstly, human OC cell lines OVCAR-3 and HEY were obtained from Chuan Qiu 112 

Biotechnology (Shanghai, China) and cultured in Roswell Park Memorial Institute 113 

(RPMI) medium. The cisplatin-resistent cell lines OVCAR-3/DDP and HEY/DDP were 114 

generated from their parental cell lines OVCAR-3 and HEY through treating with 115 

increasing concentration of cisplatin. All mediums were mixed with 10% fetal bovine 116 

serum (FBS, Gibco, Carlsbad, CA, USA) and 100 U/mL penicillin&streptomycin 117 

(Gibco), in addition, OVCAR-3/DDP and HEY/DDP cells were added cisplatin 118 

(APExBIO Technology, Austin, TX, USA) with a final concentration of 2 ug/mL. OC 119 

cells were incubated in 37℃ with 5% CO2. 120 

Cell Counting Kit-8 (CCK-8) assay 121 

CCK-8 assay was carried out for detection of cell viability and IC50 of cisplatin. Firstly, 122 

transfected cells were seeded in 96-well plates (Thermo Fisher Scientific, Waltham, 123 

MA, USA), and incubated for 48 h, three repetitions were prepared for per sample. 124 

Subsequently, WST-8 (Sigma-Aldrich, Louis, MO, USA) was added into cells which 125 

was added different concentrations of cisplatin and cultured for another 2 h. Finally, 126 

microplate reader (Bio-Rad Laboratories, Philadelphia, PA, USA) was performed to 127 

measure OD value at 450 nm. The cisplatin concentration repressed cell viability of 50% 128 

was considered cisplatin IC50 in vitro. 129 

Transwell assay 130 

Cell migration and invasion was determined by transwell assay. The upper chamber 131 

was coated without or with Matrigel (BD Biosciences, San Jose, CA, USA) for 132 
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migration or invasion detection, respectively. Then, serum-free medium containing 133 

cells was added (1×104 cells for migration and 2×104 cells for invasion). Otherwise, 134 

the basolateral chamber was added cell medium with 10% serum. After incubation for 135 

48 h, the cells throughout the membrane was fixed by 4% paraformaldehyde and dyed 136 

with 0.5% crystal violet solution. The cells were counted under a microscope (Thermo 137 

Fisher Scientific). 138 

Western blot assay 139 

OC cells were lysed by using Radio Immunoprecipitation Assay (RIPA) lysis buffer 140 

(Millipore, Bedford, MA, USA), and Extraction Buffer (Millipore) contained with 141 

protease inhibitors (Thermo Fisher Scientific) were applied to extract protein. Then 142 

protein concentration was examined by BCA Protein Assay Kit (Sangon Biotech, 143 

Shanghai, China). Subsequently, quantified protein which was denatured by boiling 144 

water was separated on SDS-polyacrylamide gel via electrophoresis and blotted onto 145 

polyvinylidene fluoride (PVDF) membranes (Millipore). Then membranes were 146 

blocked with 5% (w/v) bovine serum albumin (Solarbio, Beijing, China) for 2 h at room 147 

temperature. Whereafter, PVDF membranes were incubated with primary antibodies 148 

which purchased from Abcam (Cambridge, MA, USA), including anti- Matrix 149 

metalloproteinases (MMP) 2(ab97779; 1:1000), anti-MMP9 (ab38898; 1:1000), anti-150 

MIS2 (ab73164; 1:1000) and anti-glyceraldehyde 3-phosphate dehydrogenase 151 

(GAPDH) (ab181602; 1:5000) overnight at 4℃. Next, the membranes were incubated 152 

for 1 h at room temperature with secondary antibody (ab205718; 1:5000). Finally, 153 

protein signals were visualized utilizing Pierce™ ECL Western Blotting Substrate 154 
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(Thermo Fisher Scientific) via Quantity One software (Bio-Rad Laboratories). 155 

Quantitative real-time polymerase chain reaction (qRT-PCR) 156 

The total RNA were extracted by Trizol (Invitrogen), and RNA was reverse transcribed 157 

into cDNA by using Thermo Scientific RevertAid First Strand cDNA Synthesis kit 158 

(Thermo Fisher Scientific). Then qRT-PCR was carried out to examine the expression 159 

of special RNA via SYBR Green real-time PCR kit (Takara, Dalian, China). In the end 160 

point, solution was reacted and signals were collected via ABI 7500 fast system 161 

(Applied Biosystems, Rockford, IL, USA). The levels of NEAT1, miR-320b and MSI2 162 

were quantified via 2-ΔΔCt method and normalized by GAPDH (for NEAT1 and MSI2) 163 

and U6 (for miR-320b). Special primers were listed as below: NEAT1: (forward 5’-164 

CTT CCT CCC TTT AAC TTA TCC ATT CAC-3’, reverse 5’-CTC TTC CTC CAC 165 

CAT TAC CAA CAA TAC-3’); MSI2: forward 5’-( and GAPDH: (forward 5’- ATT 166 

CCA TGG CAC CGT CAA GGC TGA -3’, reverse 5’- TTC TCC ATG GTG GTG AAG 167 

ACG CCA -3’), which were synthesized in Ribobio, and The forward and reverse 168 

primers for miR-320b and U6 were purchased from Ribobio. The gene expression was 169 

presented using 2-ΔΔCt method. 170 

Transient transfection 171 

Special sequences, including Small interfering RNA (siRNA) against NEAT1 and 172 

siRNA negative control (si-control)  miR-320 mimics (miR-320b), mimics blank 173 

control (miR-control), miR-320 inhibitor (miR-320 inhibitor), inhibitor negative 174 

control (inhibitor-control), overexpression vector of MSI2 (MSI2) and overexpression 175 

empty vector (pcDNA), bio-labeled probe of miR-320b (Bio-miR-320b), blank control 176 
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(Bio-NC) and input (NC-Input, miR-320b-Input) as well as vectors of binding sites of 177 

wildtype (NEAT1 WT) and mutant (NEAT1 MUT) of NEAT1 and miR-320b, and 3’-178 

UTR sequences of wildtype (MSI2 3’UTR WT) and mutant (MSI2 3’UTR MUT) of 179 

MSI2 contained common fragments with miR-320b, short hairpin RNA (shRNA) of 180 

NEAT1 (sh-NEAT1) and shRNA negative control (sh-control) were synthesized in 181 

Ribobio (Guangzhou, China). Subsequently, vectors and oligonucleotide were 182 

transfected into OC cell lines by using LipofectamineTM 2000 (Invitrogen, Carlsbad, 183 

CA, USA) according to producer’s manual, respectively. 184 

Dual-luciferase reporter assay 185 

LncBase Predicted v.2 was performed to predict the relationship between NEAT1 186 

and miR-320b, and the interrelation between miR-320b and MSI2 was predicted 187 

utilizing Targetscan. Then vectors of binding sites of wildtype (NEAT1 WT) and mutant 188 

(NEAT1 MUT) of NEAT1 and miR-320b, and 3’-UTR sequences of wildtype (MSI2 189 

3’UTR WT) and mutant (MSI2 3’UTR MUT) of MSI2 containing common fragments 190 

with miR-320b were synthesized in Ribibio. OVCAR-3/DDP and HEY/DDP cells were 191 

transfected with one of them and renilla plasmid, severally. Finally, luciferase activity 192 

was examined by Dual-Luciferase® Reporter Assay System (Promega, Madison, WI, 193 

USA) according to manual and analyzed via Varioskan Flash (Thermo Fisher Scientific). 194 

RNA immunoprecipitation (RIP) assay 195 

The assay was used EZ-Magna RIP™ RNA-Binding Protein Immunoprecipitation Kit 196 

(Millipore) to verify the relationship between NEAT1 and miR-320b. Firstly, OVCAR-197 

3/DDP and HEY/DDP cells were incubated for 48 h and lysed by using RIP-buffer. 198 
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Then lysates were incubated with magnetic beads coated AGO2 (Argonaute-2) or IgG 199 

antibody which obtained from Abcam. Finally, residuum were washed off and RNA 200 

were harvested, qRT-PCR was carried to detect the enrichment of NEAT1 in OVCAR-201 

3/DDP and HEY/DDP cells. 202 

RNA pull down assay 203 

In the assay, bio-labeled probe of miR-320b (Bio-miR-320b), blank control (Bio-204 

NC) and input (NC-Input, miR-320b-Input) were synthesized in Ribobio. Subsequently, 205 

OVCAR-3/DDP and HEY/DDP cells were transfected with probes, respectively, and 206 

incubated for 48 h. Then, cells were lysed and lysates were incubated with Streptavidin-207 

Dyna beads overnight at 4℃ accompanied by RNA separation. Then the enrichment 208 

of NEAT1 was measured by qRT-PCR in vitro. 209 

Murine xenograft assay 210 

BALB/c nude mice (male, four-week-old) were purchased from Shanghai SLAC 211 

Laboratory Animal Co, Ltd. (Shanghai, China) and divided in three group (n = 6 per 212 

group) randomly. The assay was performed according to guidelines of the National 213 

Animal Care and Ethics Institution and approved by Animal Research Committee of 214 

Eye, Ear, Nose and Larynx Hospital, Liaocheng People's Hospital. OVCAR-3/DDP 215 

cells were transfected with the lentivirus harboring sh-NEAT1 or negative control (sh-216 

control) constructed by Ribobio. Subsequently, stably transfected cells and OVCAR-217 

3/DDP cells were infected into mice subcutaneously, and then the mice were treated 218 

with DDP. The tumor volumes were examined after injected one week and then 219 

measured every three days until the mice were sacrificed at the 22 d post injection. The 220 
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volumes were calculated following the formula: volume (mm3) = width2 × length/2. 221 

Tumor samples were also took out and weighted after mice were sacrificed. 222 

Statistical analysis 223 

All the data were put forward as means ± standard deviation (means ± SD) for 224 

three independent assays, Student’s t test was carried out to examine the difference 225 

between two groups. Additionally, one-way analysis of variance (ANOVA) was applied 226 

for multiple groups. Differences were considered significant statistically at P less than 227 

0.05. 228 

 229 

Results 230 

The level of NEAT1 was notably increased in cisplatin-resistant OC cell lines 231 

Firstly, cisplatin-resistant cell lines were established. The cell viability, IC50 of cisplatin, 232 

migration and invasion of the parental OC cells and cisplatin-resistant OC cells were 233 

detected to assess the cisplatin resistance. CCK-8 assay revealed that the cell viability 234 

and IC50 of cisplatin of OVCAR-3/DDP and HEY/DDP cells were higher than that of 235 

OVCAR-3 and HEY cells (Fig. 1A and 1B). Moreover, the capacities of migration and 236 

invasion of OVCAR-3/DDP (P = 0.0002, P < 0.0001) and HEY/DDP cells (P = 0.0004, 237 

P < 0.0001) were both enhanced compared with their parental cells (Fig. 1C and 1D). 238 

Besides, the protein levels of migration-related proteins (MMP2 and MMP9) were also 239 

measured, and the results showed that MMP2 and MMP9 levels were significantly 240 

elevated in OVCAR-3/DDP and HEY/DDP cells (P < 0.0001) (Fig. 1E and 1F), which 241 

was consistent with the transwell result. These results indicated that cisplatin-resistant 242 
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OC cell lines were successfully constructed. Then the level of NEAT1 were detected. 243 

The qRT-PCR result manifested that NEAT1 level was strikingly increased in cisplatin 244 

resistant OC cells (OVCAR-3/DDP and HEY/DDP cells) (P < 0.0001) (Fig. 1G and 245 

1H). The aberrant expression of NEAT1 suggested that it might be involved in the 246 

regulation of cisplatin resistance in human OC. 247 

 248 

Knockdown of NEAT1 enhanced cisplatin sensitivity of cisplatin resistance OC 249 

cell lines.  250 

In order to investigate the potential role of NEAT1 in the regulatory mechanism of OC 251 

cisplatin resistance, si-NEAT1 or si-control was transfected into OVCAR-3/DDP and 252 

HEY/DDP cells, and the level of NEAT1 was significantly decreased in cisplatin 253 

resistant OC cells transfected with si-NEAT1 (P = 0.0013, P = 0.0002) (Fig. 2A and 254 

2B). Cell viability and cisplatin IC50 were notably reduced by si-NEAT1 in OVCAR-255 

3/DDP and HEY/DDP cells (Fig. 2C and 2D). Moreover, migration and invasion of 256 

OVCAR-3/DDP (P = 0.0001, P < 0.0001) and HEY/DDP cells (P < 0.0002, P < 0.0001) 257 

were also inhibited by NEAT1 knockdown (Fig. 2E and 2F). Furthermore, knockdown 258 

of NEAT1 downregulated the expression of MMP2 and MMP9 in vitro (P < 0.0001) 259 

(Fig. 2G and 2H). From the above, knockdown of NEAT1 increased cisplatin sensitivity 260 

of OVCAR-3/DDP and HEY/DDP cells. 261 

 262 

MiR-320b was a target gene of NEAT1. 263 

The binding sites between NEAT1 and miR-320b were predicted by LncBase Predicted 264 
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v.2 (Fig. 3A). Dual-luciferase reporter assay was performed to clarify the interrelation 265 

between them, luciferase activity was evidently decreased in NEAT1 WT group (P < 266 

0.0001), while had no significant difference in NEAT1 MUT group (P = 0.6884, P = 267 

0.9922), the evidence suggested that miR-320b was a target of NEAT1 (Fig. 3B and 268 

3C). Moreover, the results of RIP (P < 0.0001) and RNA pull down assay (P = 0.0005, 269 

P = 0.0001) were both verified the above conclusion (Fig. 3D-3G). In addition, the level 270 

of miR-320b was enhanced by sh-NEAT1 whereas repressed via overexpression of 271 

NEAT1 in OVCAR-3/DDP and HEY/DDP cells. These evidences revealed that NEAT1 272 

directly targeted miR-320b, it might regulate OC cisplatin resistance by sponging miR-273 

320b. 274 

 275 

The effect of knockdown of NEAT1 on cisplatin sensitivity was reversed by miR-276 

320b inhibitor in cisplatin-resistant OC cell lines 277 

In order to research regulatory mechanism between NEAT1 and miR-320b, si-control, 278 

si-NEAT1, si-NEAT1+miR-control or si-NEAT1+miR-320b was transfected into 279 

OVCAR-3/DDP and HEY/DDP cells, severally. The effect of si-NEAT1 on the 280 

expression of miR-320b was evidently reversed by miR-320b inhibitor (P < 0.0001) 281 

(Fig. 4A and 4B). The cell viability and IC50 of cisplatin which decreased by si-NEAT1 282 

was regained by knockdown of miR-320b in SKOV3/DDP and A2780/DDP cells (Fig. 283 

4C and 4D). What’s more, si-NEAT1 repressed migration and invasion which was 284 

rescued by miR-320b inhibitor (P < 0.0001) (Fig. 4E and F). In addition, the 285 

downregulated MMP2 and MMP9 expression resulted by NEAT1 knockdown were 286 
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restored by miR-320b inhibitor (P < 0.0001) (Fig. 4G and 4H). All evidences proved 287 

that the effect of NEAT1 knockdown on cisplatin sensitivity was reversed by miR-320b 288 

inhibitor in OC in vitro.  289 

 290 

MiR-320b directly targeted MSI2 291 

The interrelation between miR-320b and MSI2 was predicted via Targetscan and the 292 

binding sites were exhibited (Fig. 5A). Luciferase activity was significantly repressed 293 

by MIS2 3’UTR WT in OVCAR-3/DDP and HEY-3/DDP cell lines (P < 0.0001), while 294 

no notably change was observed in MSI2 3’UTR MUT group (P = 0.9706, P = 0.9846) 295 

(Fig. 5B and 5C). Besides, the expression of MSI2 was distinctly decreased by miR-296 

320b mimics (P < 0.0001) (Fig. 5D). Knockdown of NEAT1 downregulated MSI2 297 

expression, and this effect was reversed by miR-320b inhibitor (Fig. 5E and 5F). 298 

Additionally, the expression of MSI2 was markedly increased in OVCAR-3/DDP and 299 

HEY/DDP cells relative to VCAR-3 and HEY cells (P < 0.0001) (Fig. 5G and 5H). In 300 

short, MSI2 was a target of miR-320b, and NEAT1 regulated MSI2 expression through 301 

sponging miR-320b. 302 

 303 

Overexpression of MSI2 restored the effect of miR-320b on cisplatin sensitivity in 304 

cisplatin-resistant OC cell lines 305 

To further investigate the molecular mechanism between miR-320b and MSI2, 306 

OVCAR-3/DDP and HEY/DDP cells were transfected with miR-control, miR-320b, 307 

miR-320b+pcDNA or miR-320b+pcDNA-MSI2, respectively. The effect of miR-320b 308 
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on MSI2 expression was rescued by pcDNA-MSI2 (Fig. 6A and 6B). In addition, the 309 

cell viability and cisplatin IC50 was decreased by miR-320b while regained by 310 

overexpression of MSI2 in OVCAR-3/DDP and HEY/DDP cells (Fig. 6C and 6D). The 311 

effects of miR-320b mimics on migration and invasion were restored via co-312 

transfecting with pcDNA-MSI2 in OVCAR-3/DDP and HEY/DDP cells (Fig. 6E and 313 

6F). Moreover, overexpression of MSI2 recovered the effect of miR-320b mimics on 314 

MMP2 and MMP9 expression in cisplatin resistant OC cells (Fig. 6G and 6H). In brief, 315 

overexpress of MSI2 reversed the effect of miR-320b mimics on cell viability, cisplatin 316 

IC50, migration and invasion in cisplatin resistant OC cell lines, which meant that the 317 

effect of miR-320b mimics on increasing cisplatin sensibility was recovered by 318 

pcDNA-MSI2 in vitro. 319 

 320 

Knockdown of NEAT1 retarded the progression of OC tumors after cured with 321 

DDP or not in vivo 322 

Nude mice were injected with OVCAR-3/DDP cells transfected with sh-control or sh-323 

NEAT1 followed by treating with DDP. The tumor volumes and weight were both 324 

dramatically decreased in sh-NEAT1+DDP and sh-control+DDP groups, especially in 325 

sh-NEAT1+DDP group (P < 0.0001, P = 0.0134) (Fig. 7A-7B). Meanwhile, the 326 

expression level of NEAT1 was significantly curbed while miR-320b expression was 327 

markedly enhanced via treatment with sh-NEAT1+DDP (P = 0.0003, P < 0.0001) (Fig. 328 

7C-7D). Finally, MSI2 expression was obviously decreased in sh-NEAT1+DDP group 329 

(P = 0.0001) (Fig. 7E). In conclusion, tumor progression was blocked via knockdown 330 
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of NEAT1 in vivo. 331 

 332 

Discussion 333 

OC is a gynecologic malignancy which causing highly fatality ratio, and according 334 

to statistics, about 70% of patients will eventually succumb to their disease [26]. A large 335 

number of OC patients, with the exception of some well-differentiated early-stage 336 

cancer patients, undergo the treatment of chemotherapy with platinum (cisplatin or 337 

carboplatin) and paclitaxel [27]. The therapy shows promising effects at first, however, 338 

the occurrence and development of chemotherapy chemoresistance impose restrictions 339 

on successful treatment outcomes [28]. Therefore, chemoresistance is the primary 340 

problem in the treatment of ovarian cancer. The study used OVCAR-3/DDP and 341 

HEY/DDP cells as cisplatin resistant OC cell lines, and investigated the molecular 342 

mechanism of cisplatin resistance in OC. 343 

Accumulating evidences have revealed that lncRNA, whose length over than 200 344 

nucleotides, participated in the tumorigenesis of multiple cancers [29-31]. Specially, 345 

urothelial cancer associated 1 (UCA1) promoted breast cancer epithelial-mesenchymal 346 

transition by inducing Wnt/beta-catenin pathway [32]. Furthermore, lncRNA was also 347 

referred to human OC [33]. Human ovarian cancer-specific transcript 2 (HOST2) 348 

modulated cell biological behaviors by sponging microRNA let-7b in epithelial ovarian 349 

cancer [34]. NEAT1 accelerated metastasis of ovarian cancer via upregulating ROCK1 350 

through miR-382-3p [35]. Also, NEAT1 could be regulated by p53 and was closely 351 

related with chemoresistance [36]. Previous studies revealed that NEAT1 enhanced 352 
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cisplatin resistance in bladder cancer, nasopharyngeal carcinoma and anaplastic thyroid 353 

carcinoma [37-39]. On the contrary, NEAT1 reduced cisplatin resistance in lung cancer 354 

[40]. Besides, NEAT1 expression was consistent with the reactive oxygen species (ROS) 355 

level in cancer cells [41,42].The levels of ROS in drug resistant cancer cells are 356 

typically increased compared to non-multidrug resistance (MDR) cancer and normal 357 

cells [43]. Mounting evidence suggest that modulating cellular ROS levels can enhance 358 

MDR cancer cell death and sensitize MDR cancer cells to certain chemotherapeutic 359 

drugs [44,45]. These researches revealed that NEAT1 played different roles on cisplatin 360 

resistance in different cancers. Thus we explored the effect of NEAT1 on cisplatin 361 

resistance in OC. Our data uncovered that knockdown of NEAT1 augmented cisplatin 362 

sensibility in cisplatin resistant OC cells.  363 

NEAT1 may exert its role through regulating downstream gene in the progress. 364 

For example, NEAT1 has been reported to regulate chemoresistance via miR-194/ZEB1, 365 

let-7a-5p/Rsf-1 and miR-9-5p/SPAG9 axis [10, 38, 39]. We also found that miR-194, 366 

let-7a-5p and miR-9-5p were upregulated, while ZEB1, Rsf-1 and SPAG9 were 367 

downregulated in cisplatin resistant OC cells (Fig. S1), suggesting that NEAT1 may 368 

response to cisplatin resistant through various pathways in OC cells. However, it still 369 

needs to be verified by further studies. In this study, we identified miR-320b as a target 370 

of NEAT1. A previous report proved that miR-320b was significantly downregulated in 371 

OC and might serve as biomarker for the prognosis of OC [45]. Yet there was no 372 

researches reported the effect of miR-320b on cisplatin resistance. Then this study 373 

showed that miR-320b was downregulated in cisplatin resistant OC cells, and miR-374 
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320b inhibitor reversed the effect of knockdown of NEAT1 on enhancing cisplatin 375 

sensibility in OC cells, implying the inhibitory role of miR-320b in cisplatin resistance. 376 

Additionally, further researches were also needed to investigate the regulatory 377 

mechanism of miR-320b in chemoresistance in cancers. 378 

MSI2 has been suggested to participate in human haematopoietic stem cells via 379 

repressing aryl hydrocarbon receptor (AHR) signaling during the past decades [46]. It 380 

also contributed to cell migration and invasion of bladder cancer via activating Janus 381 

kinase 2/ signal transducer and activation of transcription 3 (JAK2/STAT3) pathway 382 

[47]. What’s more, MSI2 was a novel regulator to modify paclitaxel sensitivity in OC 383 

cell lines [48]. In the research, MSI2 was a target by miR-320b, overexpression of it 384 

fortified cisplatin resistance in OVCAR-3/DDP and HEY/DDP cells. MSI2 may 385 

function as an oncogene, involve in chemoresistance in OC patients. 386 

In conclusion, the level of NEAT1 was upregulated in cisplatin-resistant OC cells, 387 

subsequent assay showed that it regulated cisplatin resistance by NEAT1/miR-388 

320b/MSI2 axis. However, the chemotherapy resistance of various tumors still needs 389 

to be further studied in the future. 390 

Conclusion 391 

The level of NEAT1 was notably increased in cisplatin resistant OC cell lines. 392 

Knockdown of NEAT1 significantly augmented the cisplatin sensibility in OVCAR-393 

3/DDP and HEY/DDP cells. What’s more, miR-320b as a target gene of NEAT1, miR-394 

320b inhibitor reversed the effect of knockdown of NEAT1 on the cell viability, IC50 of 395 

cisplatin, migration and invasion in OVCAR-3/DDP and HEY/DDP cells. In addition, 396 
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MSI2 was directly targeted by miR-320b. MiR-320b mimics significantly decreased 397 

cell viability, cisplatin IC50 migration and invasion in OVCAR-3/DDP and HEY/DDP 398 

cells, while these effects were rescued by MSI2 overexpression vector. Furthermore, 399 

downregulation of NEAT1 curbed the progression of tumor in vivo. In brief, NEAT1 400 

regulated cisplatin resistant through NEAT1/miR-320b/MSI2 axis in human cisplatin 401 

resistant OC. 402 
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 566 

Figure legends 567 

Fig. 1 The level of NEAT1 was notably increased in cisplatin resistant OC cell lines. 568 

(A and B) The cell viability and IC50 of cisplatin in OVCAR-3, OVCAR-3/DDP, HEY, 569 

and HEY/DDP cells were assessed by CCK-8 assay. (C and D) Migration and invasion 570 

of OVCAR-3, OVCAR-3/DDP, HEY, and HEY/DDP cells were determined by 571 

transwell assay. (E and F) The protein levels of MMP2 and MMP9 were detected by 572 
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western blot. (G and H) The expression of NEAT1 was detected in OVCAR-3, 573 

OVCAR-3/DDP, HEY, and HEY/DDP cells by qRT-PCR. Date are represented as 574 

means ± SD；*P<0.05 **P < 0.01, ***P < 0.001, ****P < 0.0001. 575 

 576 

Fig. 2 Knockdown of NEAT1 enhanced cisplatin sensitivity of cisplatin resistance 577 

OC cell lines. 578 

OVCAR-3/DDP and HEY/DDP cells were transfected with si-NEAT1 or si-control, 579 

respectively. (A and B) The level of NEAT1 was determined by qRT-PCR. (C and D) 580 

CCK-8 asssay was carried out to detect cell viability and IC50 of cisplatin. (E and F) 581 

Migration and invasion were determined by transwell assay (G and H) The protein 582 

levels of MMP2 and MMP9 were detected by western blot. Date are represented as 583 

means ± SD；**P < 0.01, ***P < 0.001, ****P < 0.0001.  584 

Fig. 3 MiR-320b was a target gene of NEAT1. 585 

(A) The relationship between NEAT1 and miR-320b was predicted by LncBase 586 

Predicted v.2. (B and C) NEAT1 WT and NEAT1 MUT was transfected into OVCAR-587 

3/DDP and HEY/DDP cells, severally, and luciferase activity was determined by dual-588 

luciferase reporter assay in vitro. (D-G) RIP assay and RNA pull down assay were 589 

preformed to verify the interrelation between NEAT1 and miR-320b in SKOV3/DDP 590 

and A2780/DDP cells. Date are represented as means ± SD；***P < 0.001, ****P < 591 

0.0001. 592 

 593 

Fig. 4 The effect of knockdown of NEAT1 on cisplatin sensitivity was reversed by 594 
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miR-320b in cisplatin resistance OC cell lines. 595 

SKOV3/DDP and A2780/DDP cells were transfected with si-control, si-NEAT1, si-596 

NEAT1+miR-control or si-NEAT1+miR-320b, respectively. (A and B) The level of 597 

miR-320b was measured by qRT-PCR. (C and D) CCK-8 asssay was carried out to 598 

detect cell viability and IC50 of cisplatin. (E and F) Migration and invasion were 599 

determined by transwell assay (G and H) The protein levels of MMP2 and MMP9 were 600 

detected by western blot. Date are represented as means ± SD；**P < 0.01, ***P < 601 

0.001, ****P < 0.0001. 602 

 603 

Fig. 5 MiR-320b directly targeted MSI2. 604 

(A) Targetscan was used to predict the relationship between miR-320b and MSI2. (B 605 

and C) Luciferase activity was measured utilizing dual-luciferase reporter assay.  (D) 606 

The expression of MSI2 in OVCAR-3/DDP and HEY/DDP cells transfected with miR-607 

control or miR-320b was determined by western blot, severally. (E and F) The 608 

expression of MSI2 in OVCAR-3/DDP and HEY/DDP cells transfected with si-control, 609 

si-NEAT1, si-NEAT1+miR-control or si-NEAT1+miR-320b was determined by 610 

western blot, severally. (G and H) expression of MSI2 in OVCAR-3, OVCAR-3/DDP, 611 

HEY, and HEY/DDP cells was determined by western blot. Date are represented as 612 

means ± SD；***P < 0.001, ****P < 0.0001. 613 

 614 

Fig. 6 Overexpression of MSI2 restored the effect of miR-320b on cisplatin 615 

sensitivity in cisplatin resistance OC cell lines. 616 
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MiR-control, miR-320b, miR-320b+pcDNA or miR-320b+MSI2 were transfected into 617 

OVCAR-3/DDP and HEY/DDP cells, respectively. (A and B) The expression of MSI2 618 

were measured by and western blot. (C and D) CCK-8 asssay was carried out to detect 619 

cell viability and IC50 of cisplatin. (E and F) Migration and invasion were determined 620 

by transwell assay (G and H) The protein levels of MMP2 and MMP9 were detected 621 

by western blot. Date are represented as means ± SD；**P < 0.01, ***P < 0.001, ****P 622 

< 0.0001. 623 

 624 

Fig. 7 Knockdown of NEAT1 retarded the progression of OC tumors after cured 625 

with cisplatin or not in vivo. 626 

OVCAR-3/DDP cells transfected with sh-control or sh-NEAT1 were injected nude mice 627 

subcutaneously. (A) Tumor volumes were measured every three days after injection for 628 

one week. (B) Tumor weights were also measured after mice were sacrificed. (C and D) 629 

QRT-PCT was carried out to determine the levels of NEAT1 and miR-320b. (E) The 630 

expression of MSI2 was analyzed western blot. Date are represented as means ± SD；631 

*P<0.05, ***P < 0.001, ****P < 0.0001. 632 

 633 

Fig. S1 MiR-194, let-7a-5p and miR-9-5p were upregulated, while ZEB1, Rsf-1 and 634 

SPAG9 were downregulated in cisplatin resistant OC cells. (A and B) The 635 

expression of miR-194, let-7a-5p and miR-9-5p in OVCAR-3, OVCAR-3/DDP, HEY, 636 

and HEY/DDP cells was detected by qRT-PCR. (C and D) The mRNA levels of ZEB1, 637 

Rsf-1 and SPAG9 were in OVCAR-3, OVCAR-3/DDP, HEY, and HEY/DDP cells was 638 
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detected by qRT-PCR. *P<0.05. 639 
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Fig. 1 The level of NEAT1 was notably increased in cisplatin resistant OC cell lines.
(A and B) The cell viability and IC50 of cisplatin in OVCAR-3, OVCAR-3/DDP, HEY, and
HEY/DDP cells were assessed by CCK-8 assay. (C and D) Migration and invasion of
OVCAR-3, OVCAR-3/DDP, HEY, and HEY/DDP cells were determined by transwell assay.
(E and F) The protein levels of MMP2 and MMP9 were detected by western blot. (G and H)
The expression of NEAT1 was detected in OVCAR-3, OVCAR-3/DDP, HEY, and HEY/DDP
cells by qRT-PCR. Date are represented as means ± SD；*P<0.05 **P < 0.01, ***P < 0.001,
****P < 0.0001.
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Fig. 2 Knockdown of NEAT1 enhanced cisplatin sensitivity of cisplatin resistance OC cell
lines.
OVCAR-3/DDP and HEY/DDP cells were transfected with si-NEAT1 or si-control,
respectively. (A and B) The level of NEAT1 was determined by qRT-PCR. (C and D) CCK-8
asssay was carried out to detect cell viability and IC50 of cisplatin. (E and F) Migration and
invasion were determined by transwell assay (G and H) The protein levels of MMP2 and
MMP9 were detected by western blot. Date are represented as means ± SD；**P < 0.01,
***P < 0.001, ****P < 0.0001.

Powered by TCPDF (www.tcpdf.org)

Prep
rin

t



Fig. 3 MiR-320b was a target gene of NEAT1.
(A) The relationship between NEAT1 and miR-320b was predicted by LncBase Predicted
v.2. (B and C) NEAT1 WT and NEAT1 MUT was transfected into OVCAR-3/DDP and
HEY/DDP cells, severally, and luciferase activity was determined by dual-luciferase reporter
assay in vitro. (D-G) RIP assay and RNA pull down assay were preformed to verify the
interrelation between NEAT1 and miR-320b in SKOV3/DDP and A2780/DDP cells. Date are
represented as means ± SD；***P < 0.001, ****P < 0.0001.
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Fig. 4 The effect of knockdown of NEAT1 on cisplatin sensitivity was reversed by miR-320b
in cisplatin resistance OC cell lines.
SKOV3/DDP and A2780/DDP cells were transfected with si-control, si-NEAT1, si-
NEAT1+miR-control or si-NEAT1+miR-320b, respectively. (A and B) The level of miR-320b
was measured by qRT-PCR. (C and D) CCK-8 asssay was carried out to detect cell viability
and IC50 of cisplatin. (E and F) Migration and invasion were determined by transwell assay
(G and H) The protein levels of MMP2 and MMP9 were detected by western blot. Date are
represented as means ± SD；**P < 0.01, ***P < 0.001, ****P < 0.0001.

Powered by TCPDF (www.tcpdf.org)

Prep
rin

t



Fig. 5 MiR-320b directly targeted MSI2.
(A) Targetscan was used to predict the relationship between miR-320b and MSI2. (B and C)
Luciferase activity was measured utilizing dual-luciferase reporter assay.  (D) The
expression of MSI2 in OVCAR-3/DDP and HEY/DDP cells transfected with miR-control or
miR-320b was determined by western blot, severally. (E and F) The expression of MSI2 in
OVCAR-3/DDP and HEY/DDP cells transfected with si-control, si-NEAT1, si-NEAT1+miR-
control or si-NEAT1+miR-320b was determined by western blot, severally. (G and H)
expression of MSI2 in OVCAR-3, OVCAR-3/DDP, HEY, and HEY/DDP cells was
determined by western blot. Date are represented as means ± SD；***P < 0.001, ****P <
0.0001.
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Fig. 6 Overexpression of MSI2 restored the effect of miR-320b on cisplatin sensitivity in
cisplatin resistance OC cell lines.
MiR-control, miR-320b, miR-320b+pcDNA or miR-320b+MSI2 were transfected into
OVCAR-3/DDP and HEY/DDP cells, respectively. (A and B) The expression of MSI2 were
measured by and western blot. (C and D) CCK-8 asssay was carried out to detect cell
viability and IC50 of cisplatin. (E and F) Migration and invasion were determined by
transwell assay (G and H) The protein levels of MMP2 and MMP9 were detected by
western blot. Date are represented as means ± SD；**P < 0.01, ***P < 0.001, ****P <
0.0001.
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Fig. 7 Knockdown of NEAT1 retarded the progression of OC tumors after cured with
cisplatin or not in vivo.
OVCAR-3/DDP cells transfected with sh-control or sh-NEAT1 were injected nude mice
subcutaneously. (A) Tumor volumes were measured every three days after injection for one
week. (B) Tumor weights were also measured after mice were sacrificed. (C and D) QRT-
PCT was carried out to determine the levels of NEAT1 and miR-320b. (E) The expression of
MSI2 was analyzed western blot. Date are represented as means ± SD；*P<0.05, ***P <
0.001, ****P < 0.0001.
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Fig. S1 MiR-194, let-7a-5p and miR-9-5p were upregulated, while ZEB1, Rsf-1 and SPAG9
were downregulated in cisplatin resistant OC cells. (A and B) The expression of miR-194,
let-7a-5p and miR-9-5p in OVCAR-3, OVCAR-3/DDP, HEY, and HEY/DDP cells was
detected by qRT-PCR. (C and D) The mRNA levels of ZEB1, Rsf-1 and SPAG9 were in
OVCAR-3, OVCAR-3/DDP, HEY, and HEY/DDP cells was detected by qRT-PCR. *P<0.05.
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