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Abstract. MicroRNA‑137 (miR‑137) has been reported to be 
abnormally expressed in a variety of types of cancer, including 
ovarian cancer. However, the roles served by miR‑137 in cancer 
are not fully understood. In the present study, 3 single guide 
RNAs (sgRNAs) were designed, synthesized and inserted into 
pXPR001 plasmids. The pXPR001‑sgRNA plasmids were 
verified using sequencing and integrated into the genome of 
the ovarian cancer cell line, A2780, through lentiviral trans-
duction, puromycin selection and single‑cell culture. PCR 
products amplified from single‑cell cultures using primers 
covering miR‑137 targeting sites were sequenced to identify 
clones with miR‑137 gene disruption. Genome editing was 
detected in 72% of the clones derived from sgRNA2, 4% from 
sgRNA3 and 0% from sgRNA1. Of the clones from sgRNA2, 
32% contained 1 edited miR‑137 allele and 40% contained 
2 edited miR‑137 alleles. The expression of miR‑137 in 
clones #2 and #3 could not be detected by reverse transcription‑
quantitative polymerase chain reaction. In addition, an 
MTT assay demonstrated that clones #2 and #3 exhibited 
enhanced proliferation. In conclusion, an miR‑137‑knockout 
cell model was successfully established in A2780 cells using 
CRISPR/Cas9 technology.

Introduction

MicroRNAs (miRNAs) are a class of small non‑coding RNA 
of 18‑24 nucleotides, which post‑transcriptionally regulate the 
translation or degradation of protein‑coding genes through 
imperfect base pairing with the 3'‑untranslated region of 

target mRNAs (1). miRNAs are believed to be linked to tissue 
morphogenesis and cellular processes, e.g. apoptosis and major 
signaling pathways (2). For example, the miR‑23a/24‑2/27a 
cluster promotes cell invasion and metastasis by targeting 
Sprouty2 in breast cancer  (3). It is reported that >60% of 
human protein‑coding genes are regulated by miRNAs (4). 
As miRNAs may regulate the expression of tumor‑associated 
genes in multiple tumor types, they are considered to be poten-
tial therapeutic targets (5,6).

MicroRNA‑137 (miR‑137) is located on chromosome 1p22 
and functions as a tumor suppressor by targeting a number of 
oncogenic mRNAs (7‑10). Recent studies have demonstrated 
that miR‑137 is downregulated in various types of tumor, 
suggesting that it can be regarded as a negative regulator of 
certain tumor‑associated genes. For example, miR‑137 acts 
as a tumor suppressor by directly targeting carboxyl‑terminal 
binding protein 1 to inhibit the epithelial‑mesenchymal transi-
tion and induce the apoptosis of melanoma cells (11). miR‑137 
inhibits the invasive ability of melanoma cells through the 
downregulation of melanogenesis associated transcription 
factor, enhancer of zeste 2 polycomb repressive complex 2 
subunit, c‑Met and Y‑box binding protein 1 (12). To the best 
of our knowledge, only astrocyte elevated gene‑1 has been 
reported as a target of miR‑137 in human ovarian cancer (13). 
The function of miR‑137 in ovarian cancer remains to be 
elucidated. The miR‑137‑knockout cell model established in 
the present study using a CRISPR/Cas9 editing approach will 
provide a useful platform for the functional study of ovarian 
cancer.

Clustered regularly interspaced short palindromic repeats 
(CRISPR) are a distinctive feature of the genomes of bacteria 
and archaea (14). Together with CRISPR‑associated system 
(Cas) genes, they are hypothesized to be involved in resistance 
to bacteriophages, and resistance specificity is determined 
by spacer‑phage sequence similarity  (15). The strategy 
was first documented in 1987 when Ishino et al (16) were 
studying the isozyme conversion of alkaline phosphatase in 
Escherichia coli. The CRISPR/Cas9 system, consisting of Cas9 
protein and guide RNA (gRNA), utilizes the type II prokary-
otic CRISPR/Cas9 adaptive immune system and targets the 
Cas9 nuclease by a 20 nucleotide guide sequence cloned 
upstream of a 5'‑NGG protospacer adjacent motif (17).
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Genome editing using CRISPR/Cas9 is hypothesized to be 
a more efficient strategy than designer nuclease technologies, 
including zinc‑finger nucleases and transcription activator‑like 
effectors, for the generation of genetically modified cells and 
organisms (18,19). These easily engineered systems are increas-
ingly being employed and have successfully knocked out or 
edited protein‑coding genes in several model organisms and a 
variety of cell lines (20‑25). Zhao et al (26) have reported the 
silencing of non‑coding miRNA genes using CRISPR/Cas9. 
This suggested that miR‑30a‑5p and miR‑21 could be edited 
in cells, and stimulated the production of the present study, 
in which an miR‑137 gene knockout A2789 cell model was 
constructed using this technology. This may provide the basis 
for the functional study of miR‑137 in ovarian cancer.

Materials and methods

Design of the sgRNAs. The sgRNAs targeting miR‑137 were 
designed using CRISPR DESIGN (http://crispr.mit.edu/). A 
total of 320‑bp sequences upstream of 5'‑NGG were chosen 
as sgRNAs, and BsmBIsticky ends were attached to flank the 
sgRNAs. The pairs of oligonucleotides designed for the miR‑137 
site sequences (Fig.  1A) were sgRNA1, forward, 5'‑CAC​
CGC​CTC​TGA​CTC​TCT​TCG​GTG​A‑3' and reverse, 5'‑AAA​
CTC​ACC​GAA​GAG​AGT​CAG​AGG​C‑3'; sgRNA2, forward, 
5'‑CAC​CGC​TTA​AGA​ATA​CGC​GTA​GTC‑3' and reverse, 
5'‑AAA​CCG​ACT​ACG​CGT​ATT​CTT​AAG​C‑3'; sgRNA3, 
forward, 5'‑CAC​CGC​TAA​ACG​CCC​GTG​GTT​GCC​A‑3', and 
reverse, 5'‑AAA​CTG​GCA​ACC​ACG​GGC​GTT​TAG​C‑3'.

Construction of sgRNA expression vectors. Each oligonucle-
otide was diluted to 10 µM, and each pair of oligonucleotides 
were mixed in equal volumes. Next, 1 µl combined oligo-
nucleotides, 1 µl annealing buffer and 6 µl water were mixed 
in a total reaction volume of 8 µl, placed in boiling water 
for 10 min and then decreased to 25˚C. The annealed oligo-
nucleotides were added 1 µl ligation buffer and ligated with 
BsmB1‑digested linearized pXPR001 plasmids (1 µl). The 
ligation mix was transformed into competent Dh5α E. coli 
cells (Shanghai DingGuo Biotech., Co., Ltd., Shanghai, China) 
and the constructs were confirmed by sequencing.

Cell lines and cell culture. 293T and A2780 cells from the 
American Type Culture Collection (Manassas, VA, USA) were 
cultured in Dulbecco's modified Eagle's medium or RPMI, 
respectively, supplemented with 10% fetal bovine serum and 
penicillin/streptomycin (100 U/ml; Invitrogen; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA), and maintained in an 
incubator at 37˚C with 5% CO2.

Virus generation and infection. 293T cells (8x105) were seeded 
in a 6‑cm plate 1day prior to transfection. Co‑transfection 
of the 1.8 µg pPAX2 packaging plasmid, 0.8 µg pMD2.G 
envelope plasmid and 2.5 µg pXPR001‑sgRNA vector was 
performed using Fugene HD transfection reagent (Roche 
Diagnostics, Basel, Switzerland). A total of 48 h after transfec-
tion, viral supernatants were harvested and stored at ‑80˚C.

Single‑cell culture and selection of miR‑137‑knockout clones. 
A2780 cells were seeded in a 6‑well plate at 4x105 cells/well 

and 100 µl viral supernatants were added 24 h later. Puromycin 
(800 ng/ml)was added 1 day after transduction for a 2‑day 
period of selection. The remaining cells were sorted into 
96‑well plates by flow cytometry for single‑cell culture. When 
the cells reached a certain density, they were then transferred 
to 24‑well plates. In total, ~500 cells were used for direct 
identification using PCR. These cells were directly added to 
25 µl PCR system. The PCR system consisted of 12.5 µl 2X 
PCR Buffer for KOD FX, 5 µl 2 mm dNTP, 1.5 µl positive 
and 5 µM reverse primers, 2 µl PCR template cells and 4 µl 
ddH2O. Polymerase chain reaction (PCR) was performed 
using KOD FX DNA polymerase (Toyobo Life Science, 
Osaka, Japan), using primers covering the 3 miR‑137 targeting 
sites to identify the cell clones with miR‑137 gene disruption. 
The primer sequences used were as follows: Forward, 5'‑TGG​
ATC​CTT​CTT​TAG​GGA​AAT​CGA​GT‑3', reverse, 5'‑GAA​
AAC​ACC​CGA​GGA​AAT​GAA​AAG​AAC‑3'. Thermocycling 
took place as follows: Denaturation at 95˚C for 5 min, followed 
by 35 cycles of denaturation at 98˚C for 10 sec, annealing and 
extension at 68˚C for 40 sec. The PCR products were separated 
in a 1.5% agarose gel, and were extracted from the gel using 
a gel purification kit (Omega Bio‑Tek, Inc., Norcross, GA, 
USA). The sequence of the sgRNA2 construct is illustrated 
in Fig. 1B.

RNA extraction & reverse transcription‑quantitative (RT‑q)
PCR. Total RNA was extracted from the cells with TRIzol 
(Invitrogen; Thermo Fisher Scientific, Inc.) and was reverse 
transcribed by ReverTraAce‑α‑Transcriptase (Toyobo Life 
Science), according to the manufacturers' protocol. The expres-
sion of miR‑137 in cell lines was quantified using a SYBR® 
Premix Ex Taq™ II (TliRNaseH Plus) kit (Takara Bio, Inc., 
Otsu, Japan); U6 was used as an internal control. Thermocycling 
was performed using a Light Cycler 480 Real‑Time PCR 
system (Roche Diagnostics, Basel, Switzerland) with the 
following conditions: Denaturation at 95˚C for 5 min, followed 
by 40 cycles of denaturation at 95˚C for 10 sec, annealing at 
60˚C for 20 sec, and extension at 72˚C for 30 sec. The data 
were analyzed using LightCycler 480 software version 1.5 
(Roche Diagnostics, Basel, Switzerland). The relative fold 
changes of miR‑137 expression in the miR‑137‑knockout cells 
vs. control cells were calculated using the 2‑ΔΔCq method (27). 
The primers used were as follows: miR‑137RT: 5'‑CTC​AAC​
TGG​TGT​CGT​GGA​GTC​GGC​AAT​TCA​GTT​GAG​CTA​CGC​
GT‑3', miR‑137 forward, 5'‑CCA​GCT​GGG​TTA​AGA​ATA​
CGC​GTA​G‑3', miR‑137 reverse, 5'‑CTG​GTG​TCG​TGG​AGT​
CGG​CAA​TT‑3'; U6 RT, 5'‑CTC​AAC​TGG​TGT​CGT​GGA​
GTC​GGC​AAT​TCA​GTT​GAG​AAA​AAT​ATG‑3', U6 forward, 
5'‑CTC​GCT​TCG​GCA​GCA​CA‑3', U6 reverse, 5'‑AAC​GCT​
TCA​CGA​ATT​TGC​GT‑3'.

MTT assay. A2780 cells and miR‑137‑knockout single‑cell 
clones derived from A2780 cells were seeded in a 96‑well 
plate at 1x104 cells/well. At 72 h, 5 mg/ml MTT was added 
to the medium, and the plate was incubated in a 37˚C, 
5% CO2 incubator for 4 h. DMSO was added at a volume 
of 100  ml/well, and the plate was thoroughly mixed for 
10 min. The absorbance of the samples was measured at 
490 nm by a microplate reader (BioTek Instruments, Inc., 
Winooski, VT, USA).
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Statistical analysis. GraphPad Prism (version 5.0; GraphPad 
Software, Inc., La Jolla, CA, USA) was used for data analysis. 
The data are presented as the mean ± standard deviation of 
≥3 separate experiments and were analyzed using one‑way 
analysis of variance and Dunnett's post‑hoc test). P<0.05 was 
considered to indicate a statistically significant difference. 
P<0.05, 0.01, 0.001 or 0.0001 are indicated by asterisks *, **, ***, 
or ****, respectively.

Results

Selection of the single‑cell cultures with miR‑137‑knockout. 
The expression level of miR‑137 in A2780 was the highest 
in a panel of 7 ovarian cancer cell lines (data not shown). 
Therefore, A2780 cells were selected for the establishment 
of the miR‑137‑knockout cell model. Single‑cell cultures 
exhibitingmiR‑137‑knockout were selected according to 
the process illustrated in Fig.  2A. The transduced cells 
were selected in 800  nM puromycin for 2  days, and the 
single‑cell cultures with miR‑137 disruption were identified 
via sequencing the PCR products (Fig. 2B) amplified from 

single‑cell cultures using primers extending across the 3 
miR‑137‑targeting sites.

A total of 25 single‑cell cultures transduced with 
each sgRNA were selected for miR‑137‑knockout iden-
tification. None of the sgRNA1 cultures were positive for 
miR‑137‑knockout; however, 18/25 single‑cell cultures of 
sgRNA2 and 1/25 single‑cell cultures of sgRNA3 were 
positive for miR‑137‑knockout. This demonstrated a higher 
gene knockout efficiency of sgRNA2. Further analysis 
demonstrated that 32% of the sgRNA2 single‑cell cultures 
had 1allele of miR‑137 edited, and 40% had 2alleles 
edited. For example, in the target site region of clone #2, 
a 2‑allele knockout single‑cell culture, there were 17 and 
7‑base deletions for each allele. In the target site region 
of clone #3, another 2‑allele knockout single‑cell culture, 
there were 8‑base deletions for both alleles (Fig. 3A). For 
comparison, the sequencing result of a miR‑137‑knockout 
single‑cell culture of sgRNA3 is included in Fig. 3B, which 
did not disrupt the pre‑miR‑137 sequence. Therefore, clones 
#2 and #3 derived from sgRNA2 were selected for further 
experiments.

Figure 2. Selection of single‑cell culture in A2780 cells. (A) The process of miR‑137‑knockout in A2780 cells using CRISPR/Cas9 technology. (B) PCR 
products amplified from single‑cell cultures of single guide RNA2. PCR, polymerase chain reaction; miR, microRNA.

Figure 1. Design and cloning of 3 sgRNAs. (A) Corresponding DNA sequence of 3 sgRNAs and their locations relative to pre‑miR‑137. (B) Sequence of the 
sgRNA2 construct. sgRNA, single guide RNA; miR, microRNA.
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Figure 3. Chromatograms of PCR products amplified from the cell clones with miR‑137 disruption. (A) Sequencing results of clones #2 and #3 derived 
from sgRNA2. (B) Sequencing of clone #25 derived from sgRNA3. The reverse and forward PCR primers were used as sequencing primers for (A) and (B), 
respectively. The deleted or inserted sequences are indicated by arrows. PCR, polymerase chain reaction; miR, microRNA; WT, wild‑type.

Figure 5. miR‑137‑knockout promotes cell proliferation in A2780 cells. The 
growth of A2780 cells expressing empty vector (WT) or miR‑137‑knockout 
clones (#2 and #3) were assessed using MTT assays at 72 h. Each data point 
was measured in triplicate. The values represent the mean ± standard deviation. 
***P<0.001 and ****P<0.0001 vs. the control. miR, microRNA; WT, wild‑type.

Figure 4. Expression of miR‑137 in clones #2 and #3 and A2780 cells 
expressing the empty vector was detected by reverse transcription‑quan-
titative polymerase chain reaction. U6 was used as an internal control. 
****P<0.0001 vs. the control. miR, microRNA; WT, wild type (empty 
vector).
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Establishment of the miR‑137‑knockout cell model. RT‑qPCR 
was performed to detect the expression levels of miR‑137 in 
the miR‑137‑knockout clones. The RT‑qPCR results of clones 
#2 and #3 indicated the low expression levels of miR‑137 
compared with wild‑type cells (P<0.0001; Fig.  4). This 
suggested that the cell model with miR‑137‑knockout had been 
successfully established using CRISPR/Cas9 technology.

miR‑137‑knockout promotes proliferation in A2780 cells. 
To investigate the effect of miR‑137‑knockout in A2780 
ovarian cancer cells, the rate of proliferation was assessed 
using an MTT assay. A total of 72 h after seeding, the relative 
absorbance values of the miR‑137‑knockout clones (#2 and 
#3) were significantly increased compared with A2780 cells 
expressing the CRISPR/cas9 empty vector (WT; P<0.001 
for #2 and P<0.0001 for #3; Fig. 5). These results suggest 
that the miR‑137‑knockout promoted the proliferation of 
A2780 cells.

Discussion

Precise and efficient genome‑targeting technologies allowing 
selective perturbation of individual genetic elements can 
facilitate the reverse engineering or reconstruction of useful 
biological systems. Although genome‑editing technologies, 
including designer zinc fingers and transcription activator‑like 
effectors, have begun to enable targeted genome modifica-
tions  (19), each of these platforms has limitations  (28). 
Genome editing using CRISPR/Cas9 is a more affordable and 
efficient strategy for the generation of gene‑modified cells 
and organisms. It is now the most popular tool for the precise 
alteration of the genomes of diverse species. Its application 
in genome‑wide studies will enable large‑scale screening for 
drug targets and enhance the development of human gene 
therapy (29).

Mali et al (17) obtained targeting rates of 10‑25% of the 
endogenous AAVS1 locus in 293T cells, 13‑38% in K562 
cells, and 2‑4% in induced pluripotent stem cells. In the 
present study, miR‑137 gene knockout efficiency was 56% for 
sgRNA2 and 2% for sgRNA3, whereas sgRNA1 demonstrated 
no editing efficiency, indicating that differences in target 
sequences affected the efficiency of knockout.

miRNAs can regulate gene expression in diverse biological 
processes, including immune modulation, metabolic control, 
neuronal development, cell cycle, muscle differentiation and 
stem cell differentiation (2). Previous studies have indicated 
that miR‑137 serves critical roles in gastric cancer, glioblas-
toma, non‑small cell lung cancer, colorectal cancer, ovarian 
cancer and neuroblastoma  (9,25‑29). In the present study, 
sgRNAs were designed and synthesized to target miR‑137 in 
A2780 cells. The delivering Cas9 nuclease and miR‑137‑spe-
cific sgRNAs were transformed into lentiviruses, which were 
used to infect the A2780 cells. These cells were selected 
with puromycin and sorted into 96‑well plates for single‑cell 
culture. The RT‑qPCR results demonstrated that miR‑137 was 
minimally detected in the miR‑137‑knockout cells. An MTT 
assay indicated that miR‑137‑knockout promoted proliferation 
in A2780 cells. Thus, the miR‑137‑knockout A2780 cell model 
was successfully established using CRISPR/Cas9 technology 
and exhibited a functional effect.
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