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Background: Long noncoding RNAs (lncRNAs) play an important role in cellular mechanisms including transcription, 
translation, and apoptosis. NEAT1 is one of the essential types of lncRNAs in humans that can bind to active genes and 
modify their transcription. NEAT1 upregulation in various forms of cancer such as kidney cancer has been reported. Kidney 
cancer accounts for approximately 3% of all cancers worldwide and occurs almost twice as often in men as in women. 
Objectives: This study has been performed to knockout the NEAT1 gene using the CRISPR/Cas9 technique in the Renal 
Cell Carcinoma ACHN cell line and to evaluate its effects on cancer progression and apoptosis.
Material and Methods: Two specific (single guide RNA (sgRNA) sequences for the NEAT1 gene were designed by 
CHOPCHOP software. These sequences were then cloned into plasmid pSpcas9, and recombinant vectors PX459-
sgRNA1 and PX459-sgRNA2 were generated. ACHN cells were transfected using recombinant vectors carrying sgRNA1 
and sgRNA2. The expression level of apoptosis-related genes was assessed by real-time PCR. Annexin, MTT and cell 
scratch tests were performed to evaluate the survival, proliferation, and migration of the knocked out cells, respectively.
Results: The results have shown successful knockout of the NEAT1 gene in the cells of the treatment group. Expressions of 
P53, BAK, BAX and FAS genes in the cells of the treatment group (NEAT1 knockout) showed significant increases in expression 
compared to the cells of the control group (P <0.01). Additionally, decreased expression of BCL2 and survivin genes was 
observed in knockout cells compared to the control group (p <0.05). In addition, in the cells of the treatment group compared to 
control cells, a significant decrease in cell viability, ability to migrate and cell growth and proliferation was observed. 
Conclusion: Inactivation of the NEAT1 gene in ACHN cell line using CRISPR/Cas9 technology elevated apoptosis and 
reduced cell survival and proliferation which makes it a novel target for kidney cancer therapeutics. 
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Through over 76,000 new cases were diagnosed yearly, 
kidney cancer is one of the top ten most common cancers 
worldwide. Men are more likely to be diagnosed with 

1. Background kidney cancer than women. Anyone can develop 
kidney cancer, but elderly individuals are more likely 
to develop kidney cancer (those over 75 years old). 
Survival varies with each stage of kidney cancer. 
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Generally, the earlier kidney cancer is diagnosed and 
treated, the better the outcome. Survival by stage of 
kidney cancer is reported as 5-year observed survival 
(1). Renal cell carcinomas (RCCs) are the most 
common type of malignant kidney tumor. It is found in 
the main substance of the kidney, where filtering occurs. 
RCC can appear as a single tumor within a kidney or 
as two or more tumors within the same kidney (2). 
Approximately 9 out of 10 kidney cancers are renal cell 
carcinomas. Although RCC usually grows as a single 
tumor within a kidney, it is possible to simultaneously 
have two or more tumors in one kidney or both kidneys 
(3). RCC is classified into several subtypes based on the 
appearance of cancer cells in the laboratory. Knowing 
the subtype of RCC can help your doctor determine 
whether your cancer is caused by an inherited genetic 
syndrome (4). Despite numerous successes in RCC 
therapy, treatment regimens and response rates differ 
among various molecular subtypes (5). The primary 
goal of treating kidney masses is used to cure people 
with cancer and to preserve kidney function as much as 
possible. Protection of kidney function is significant for 
patients with only one kidney or another type of kidney 
disease (6). Long noncoding RNAs (lncRNAs) are RNA 
transcripts that are longer than 200 nucleotides but are 
not translated into proteins. In recent years, lncRNAs 
have been discovered to be significant players in various 
biological functions and gene expression regulation 
(7). Changes in the expression of certain lncRNAs 
have been linked to various forms of cancer (8). Many 
lncRNAs, including HOTAIR (9), MRCCAT1 (9), 
UCA1 (10), ATB (11), H19 (12), and –FTX (13), have 
been identified in RCC tumorigenesis and proposed to 
be important biomarkers for RCC, according to recent 
studies. Nuclear paraspeckle assembly transcript 1 
(NEAT1) is a long noncoding RNA that is transcribed 
from the familial tumor syndrome multiple endocrine 
neoplasia (MEN) type 1 loci on chromosome 11q13.1 
and encodes two transcriptional variants, NEAT1-1 
(3756 bp) and NEAT1-2 (3756 bp - 22,743 bp) (14). 
Since mice lacking NEAT1 developed normally, 
it appears that NEAT1 is not needed for normal 
embryonic development or adult life. However, genetic 
ablation of NEAT1 resulted in abnormal mammary 
gland morphogenesis and lactation defects in another 
case (15). It should be investigated further if the loss 
of NEAT1 is consistent with normal cell viability and 
growth. Since NEAT1 is responsible for tumor initiation 

and progression and its recurrent dysregulation in 
cancers correlates with clinical features such as 
metastasis, recurrence rate, and patient survival 
(16), NEAT1 exhibits typical characteristics of cancer 
drivers. Because of lncRNA-mediated networks’ role in 
cancer imitation and progression, lncRNAs are studied 
to develop new therapeutics. Multiple strategies can be 
used to target lncRNAs (17, 18, 19): (i) lncRNAs can 
be knocked out using the CRISPR/Cas-9 system; (ii) 
antisense oligonucleotides (ASOs) and lncRNA-specific 
siRNAs can be used to knockout lncRNA transcripts. 
(iii) Small synthetic molecules/peptides/aptamers 
can be engineered to inhibit and antagonize lncRNA 
binding to their binding partners (such as protein, 
DNA, RNA, or other interacting complexes), and (iv) 
methods to target lncRNAs can be used in conjunction 
with other treatments, including chemotherapy and 
radiotherapy, to improve their efficacy (17, 18, 19). 
Unfortunately, only approximately one in every three 
patients responds to the treatment, making it critical to 
find alternative therapies such as CRISPR/Cas9, which 
is still relatively unknown (20). Initially discovered 
as a part of the adaptive immune system of bacteria 
and archaea, the clustered regularly interspaced short 
palindromic repeats (CRISPR) system was developed 
into a state-of-the-art technique for editing the human 
genome. Human cancer cell lines are used to test 
applications of the CRISPR / Cas9 system in cancer 
treatment, including cancer modeling and elimination 
studies (21). CRISPR/Cas9 editing technology is a 
powerful editing tool. This method uses RNA-guided 
Cas nucleases to edit the DNA of particular genes. The 
CRISPRCas9 system has a higher gene knockout yield, 
and the Cas9 system is easier to build and use. It has been 
applied to various organisms as the most commonly 
used gene-editing technology (22). Dysregulation of 
lncRNAs can promote tumorigenesis and progression 
of kidney cancer, particularly in renal cell carcinoma, 
since they regulate major pathways in cell development, 
proliferation, differentiation, apoptosis, and survival 
(RCC) (23).

The aim of this work was to knockout the NEAT1, in 
the renal cell carcinoma ACHN cell line and to study 
its effects on the expression of some cancer-related 
genes. In this analysis, we have used a mutant Cas9 
nickase (Cas9n) that induces single-strand breaks to 

2. Objectives
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reduce the risk of off-target cleavage and thus improve 
genome editing specificity. The NEAT1 knockout 
ACHN cell line was created using CRISPR/Cas9 gene 
editing technology, and the effects of NEAT1 knockout 
on RCC cancer cell proliferation and migration were 
investigated in vitro. This research may help determine 
the role and feature of NEAT1 in RCC.

RPMI-1640 and FBS were obtained from Gibco 
(Gibco, NY, USA); Favor PrepTM Plasmid Extraction 
Mini Kit (FAVORGEN® recommendations, National 
Biotechnology Park, Taiwan); Lipofectamine™ 2000 
(Thermo Fisher Scientific, USA) and puromycin, 
streptomycin, and penicillin (Sigma–Aldrich, USA); 
T7 endonuclease 1 (New England Biolabs); TRIzol 
reagent was obtained from Invitrogen (Invitrogen, 
Carlsbad, CA, USA); DNase I (Invitrogen, Carlsbad, 
CA, USA); cDNA synthesize Kit (Biotechrabbit, 
Berlin, Germany); QuantiTect SYBR Green Master 
Mix (Qiagen Inc, Germany); cell proliferation MTT Kit 
I (Roche, Switzerland); Cell Counting Kit-8 (CCK8); 
Annexin-V-FITC. Propidium iodide eBioscience™ 
(Invitrogen™, United Kingdom); and Canidium Basic 
Biosciences).; all the solvents used for extraction were 
purchased from Caledon and Scharlau (Caledon and 
Scharlau, Spain). This study was performed with the 
approval of the Ethics and Research Committees of the 
Islamic Azad University, Shahrekord, Iran.

The Homo sapiens NEAT1 gene sequence was found 
in the GenBank sequence collection of the National 
Center for Biotechnology Information (National 
Biosciences, Inc., Plymouth, MN). The NEAT1 gene 
and its promoter are 22743 bp in length. Two 
sgRNAs for locations 16391 to 1410 and 16669 to 
16691 of the NEAT1 gene were designed using the 
CHOPCHOP website (https://chopchop.cbu.uib.no). 
The custom sgRNA oligonucleotide AAGACCGATG 
TTAGTGGCTATG was the sequence of sgRNA1, and 
AAGACCAGGCTCAGCACAGAC was the sequence 
of sgRNA2. The pSpcas9 (BB) 2A- Puro V2.0 vector 
(Addgene), also known as the pSpcas9 vector, was 

used as the backbone vector in this study. The two 
sgRNA1 and sgRNA2 were inserted into pSpcas9 
vector so that each sgRNA and the cas9 enzyme can be 
simultaneously expressed when transfected. A pSpcas9-
GFP plasmid (carrying the GFP gene) was employed as 
a control. The recombinant plasmids pSpcas9-sgRNA1 
and pSpcas9-sgRNA2 were confirmed using PCR. 
sgRNA transcription is commonly driven by the human 
U6 (hU6) promoter. Colony-PCR was performed using 
the forward primer for the hU6 vector promoter and the 
reverse primers for sgRNA1 and sgRNA2, as described 
in Table 1. Gene Runner software was used to design 
the oligonucleotide primers (version 6.5.52).

The E. coli bacteria TOP10F strain was used to transform 
and amplify the recombinant plasmid. Ampicillin and 
puromycin are the bacterial and eukaryotic selection 
markers for the pSpcas9 vector. Then, recombinant 
vectors were isolated from bacteria using the Favor 
PrepTM Plasmid Extraction Mini Kit. The purity of the 
extracted vectors was determined using a NanoDrop 
spectrophotometer (Thermo ScientificTM NanoDrop 
2000, Wilmington, DE, USA) and an absorbance ratio 
of 260 nm relative to 280 nm was measured for quality 
check, as described by Sambrook and Russell 2001 (24).

In this study, a human RCC cell line (ACHN) (NCBI_
Iran; C206) was purchased from Pasture Institute 
(Tehran, Iran), immediately frozen in liquid nitrogen, 
and stored at -80 °C until further analysis. ACHN cells 
were maintained in RPMI-1640 (Gibco, NY, USA) 
medium. Cell medium was supplemented with 10% 
v.v fetal bovine serum (Gibco, NY, USA), 100 µg.mL-1 
penicillin and 0.1 µg.mL-1 streptomycins in a humidified 
atmosphere containing 5% CO2 at 37 °C. ACHN cells 
were transferred to a 6-well plate for transfection after 
reaching 75% confluence and incubated for 24 hours. 
The pSpcas9-sgRNA1 and pSpcas9-sgRNA2 were then 
co-transfected into ACHN cells using Lipofectamine 
2000 (Thermo Fisher Scientific, USA) according to 
the manufacturer’s standard instructions. The cells 
were transfected with the pSpcas9-GFP vector in the 
control group (pSpcas9-group). A cell culture medium 
containing 2 µg.mL-1 puromycin was replaced 24 hours 
after transfection to screen transfected cells (puromycin 

3. Materials and Methods

3.1. Chemicals and Ethics

3.2. In silico Assay for sgRNA Designing and Vector 
Construction

3.3. In vitro Vector Amplification

3.4. Cell Culture and Plasmid Transfection

check, as described by Sambrook and Russell 2001 (24).
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resistant). Three types of cells were investigated in this 
study. One group consisted of cells that had not been 
transfected (blank control group). The cells transfected 
with the pSpcas9-sgRNA1 and pSpcas9-sgRNA2 
plasmids (pSpcas9-sgRNA1/2 group) and the pSpcas9-
GFP plasmid (pSpcas9-GFP group) were the other two 
groups (pSpcas9-group). 
Imaging: A Cytation 5 Cell Imaging Multimode Reader 
(BioTek Instruments, Winooski, VT) with a GFP light 
cube and a 2x objective was used to photograph GFP-
transfected cells. The imager employs a mixture of LED 

light sources, bandpass filters, and dichroic mirrors 
to deliver proper wavelength light. The GFP light 
cube uses a 469per35 excitation filter and a 525per39 
emission filter. Object analysis was performed to 
calculate the number of GFP-positive cells after picture 
preprocessing to remove background fluorescence 
from acquired digital pictures. Individual cells were 
recognized by their fluorescence using an objective 
analysis of the GFP channel with a threshold of 5000 
and a minimum and maximum size selection of 15 μm 
and 100 μm, respectively.

Table 1. The details of oligonucleotide primers that were used for PCR and real-time PCR.

Target
Primers
Name

Sequences
5’3’

Annealing
Temperature (°C)

Product
length (bp)

NEAT1 

NEAT1 –F

NEAT1 –R1
NEAT1 –R2

CTTTCATCTGCTTGTTCGTGCTC

ACCTCGAACTCCTAGCCTCCTC
CTTGTGCACTCTTGGTGAGAAC

62
Non 
digest:1001
Digest:590

NEAT1 -RT-
qPCR

q-NEAT1 - F 
q-NEAT1 -R

AACATTCCATTCCCTCCAGC 
GTGCTCAGAGAAATAAGCCAGTC 

62  
134

pSpcas9-
sgRNA1

hU6-
P- NEAT1 -sg1

GAGGGCCTATTTCCCATGATT     
AAGACCGATGTTAGTGGCTATG

62 276

pSpcas9-
sgRNA2

hU6-
P- NEAT1 -sg2

GAGGGCCTATTTCCCATGATT                                
AAGACCAGGCTCAGCACAGAC

62 276

P53
P53-F
P53-R

TGCGTGTGGAGTATTTGGATGAC 
CAGTGTGATGATGGTGAGGATGG

64 170

BCL-2
BCL2-F
BCL2-R

GACGACTTCTCCCGCCGCTAC      
CGGTTCAGGTACTCAGTCATCACCAC

65 245

FAS
FAS-F
FAS-R

CAATTCTGCCATAAGCCCTGTC       
GTCCTTCATCACACAATCTACATCTTC

64 163

BAX 
BAX -F
BAX -R

AGGTCTTTTTCCGAGTGGCAGC
GCGTCCCAAAGTAGGAGAGGAG

65 243

BAK
BAK-F
BAK-R

CGTTTTTTACCGCCATCAGCAG       
ATAGCGTCGGTTGATGTCGTCC

66 154

SURVIVIN
SURVIVIN-F
SURVIVIN-R

AGAACTGGCCCTTGGAGG             
CTTTTTATGTTCCTCTATGGGGTC

64 170

NEAT1: Nuclear paraspeckle assembly transcript 1, pSpcas9: pSpcas9 (BB) 2A- Puro V2.0 vector, Bcl2: B-cell lymphoma 2, 
BAX: Bcl-2-associated X protein, BAK: BCL2 Antagonist/Killer 1 , P53: Tumor protein P53, Fas: Cell Surface Death Receptor
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3.5. Generation of Cell Lines for CRISPR Screening 
(Isolation of NEAT1 ¯/NEAT1 ¯ Genotypes)
The cell line of the recombinant NEAT1¯/NEAT1¯ 
genotypes was isolated from other genotypes using the 
serial dilution approach. This dilution was performed 
according to GENECOPOEIA›s recommendations for 
CRISPR Genome Editing in Cell Lines (25). Briefly, 
the 96-well plate was filled with 100 μL of fresh RPMI 
1640 with 10% FBS. Then, in the first well of the 96-
well plate, 200 μL of cell suspension (2×104 cells.mL-1) 
was introduced. The cells in the first were transfected 
well with sgRNA vectors and grown for 24 hours in the 
presence of puromycin. Then, 100 μL of the contents of 
the first well was added to the second well of column 
one. In the remaining column, one well was diluted 
in the same way at a 2:1 ratio (i.e., 1:1). One hundred 
microliters of the second well went into the third well, 
the third well into the fourth wall, and so on). Next, 100 
μL of the contents of column 1 wells were transferred 
to column 2 wells, and the process was repeated for all 
columns (i.e., 100 l from all wells of column 2 to column 
3), and the plating was incubated in CO2 for 72 hours. 
The cellular genomic DNA was extracted and amplified 
with NEAT1-specific primers, given in Table 1, in four 
wells of the plate randomly. Cells with a mutation in 
both alleles (NEAT1¯/NEAT1¯) were identified and 
proliferated to continue the experiment.

PCR was used to verify sgRNA performance to 
knockout the NEAT1 gene. Genomic DNA was 
extracted from the pSpcas9-sgRNA1, 2  group, blank 
group, and pSpcas9-group cell lines using the Favor-
PrepTM GEL Purification and DNA extraction kit 
(FAVORGEN Biotech Corp-Taiwan) and PCR ampli- 
fication. The sequences of oligonucleotide primers for 
PCR were aligned with GenBank data using NCBI’s 
Basic Local Alignment Search Tool (BLAST). Three 
primers were designed. The junction of primer F was 
observed before the target site, primer R2 at the target 
site, and primer R1 after the target site. If sgRNA 
binds and cleaves correctly to the target genome, the 
distance between sgRNA 1 and sgRNA 2 with a length 
of 8363 nucleotides will be removed. Therefore, a 
590 bp fragment will be observed in cells degraded 

correctly by reacting primers F and R1. In control cells 
that do not own any sgRNA, the PCR band should be 
1001 bp by reacting primers F and R2. If both bands 
are observed in a PCR product, one allele has been 
transfected, and the other allele remains intact. PCR 
amplification of the NEAT1 gene was carried out in a 25 
μL volume of a solution containing 1 μL dNTP mixture 
with 0.2 μM concentration, 2 μL MgCl2 (2 mM), 2 μL 
1X PCR buffer, 1 unit (0.2 μL) Taq DNA polymerase 
(QIAGEN, Germany), 1 μL (1 μM) forward and 
reverse primers and 1 μL (50 ng) of DNA with NEAT1-
specific primers. Then, target genes were amplified 
using a Biometra thermal cycler (Analytik Jena Co., 
Germany). The thermal cycler was programmed 
with the following settings: initial denaturation at 95 
°C for 5 minutes, 30 cycles of denaturation at 94 °C 
for one-minute, annealing temperature at 62 °C for 
30 seconds, elongation temperature at 72 °C for 50 
seconds, and finally 72 °C for 10 minutes. All samples 
were electrophoresed on a 1% agarose gel and stained 
with ethidium bromide. The amplification band of the 
pSpcas9-sgRNA1/2 group was then compared to that 
of the pSpcas9 group and the blank group.

Total RNA was extracted using TRIzol (Invitrogen, 
Carlsbad, CA) according to the manufacturer’s protocol. 
We used 0.5 μg RNA to synthesize cDNA using the 
Transcript RT kit (Tiangen Biotech, Beijing, China) 
with random primers for RT–PCR. Finally, the cDNA 
obtained was employed in PCR experiments. Based on 
the primers used, the PCR annealing temperature was 
62 °C. To confirm the deletion of the NEAT1 gene, 
PCR-amplified bands after clean-up were sequenced by 
the Sanger protocol (Macrogen Inc., South Korea).

3.6.3. Detection of Mismatched Duplexes by T7 Endo-
nuclease Assay
A mismatch-sensitive T7 endonuclease 1 test (New 
England Biolabs) was used to confirm that DNA 
cleavage and targeted sequence disruption occurred 
at the specified spot. DNA was extracted from the 
pSpcas9-sgRNA1/2 group, pSpcas9-group, and blank 
group cells using the Favor PrepTM GEL Purification 
and DNA extraction kit (FAVORGEN Biotech Corp-
Taiwan, according to the manufacturer’s instructions). 
In three separate microtubes, 10 μL (200 ng) of each 

3.6. Gene Knockout Confirmation

3.6.1. PCR Amplification

3.6.2. RT–PCR and Sequencing
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DNA sample was combined with 2 μL of 10X NE-
Buffer 2 buffer and 19 μL of nuclease-free water. At 95 
°C for 10 minutes, the samples were heated. Then, it was 
allowed to cool at room temperature gradually. Nineteen 
microliters of each sample were combined with 1 μL of 
T7 endonuclease I (5units.μL-1) and incubated at 37 °C 
for 15 minutes before being examined on an agarose 
gel. Band intensities were measured using Tanon-
electrophoretic software (Tanon Science & Technology 
Co., Ltd., Shanghai, China), and the targeted disruption 
was seen as described by Zhen Shuai (26).

BAK, BAX, and P53, as well as the antiapoptotic 
genes BCL2 and SURVIVIN, was assessed using a 
quantitative real-time PCR technique with SYBR green 
detection. Quantitative real-time PCR was carried out 
utilizing specific primers (Table 1) and an SYBR® 
Premix Ex Taq™ II kit (TaKaRa, Japan) based on the 
manufacturer’s instructions. A Rotor gene 6000 Corbett 
system was employed for amplification. Thermal cycling 
conditions were set as follows: an initial activation step 
for 5 min at 95 °C, followed by 40 cycles of 95 °C for 
15 s and 60 °C for 1 min. Standard curves were created 
using data from serially diluted samples to confirm the 
reaction efficiencies of each primer set. Each primer 
set was also subjected to melt curve analysis. PCR 
products were electrophoresed on a 1% agarose gel to 
verify the product size. Relative gene expression levels 
were quantified by normalizing the GAPDH level. 
Experiments were conducted in duplicates.

(A) CCK-8 assay: The proliferation ability of the 
pSpcas9-sgRNA1/2 group, pSpcas9 group, and blank 
group of ACHN RCC cells was assessed using the Cell 
Counting Kit-8 (CCK-8) assay. ACHN RCC cells were 
plated at a density of 5× 103 cells per well in 96-well 
plates. After varying incubation times (24 h, 48 h, 72 h, 
96 h, and 120 h), 10 µL CCK-8 reagent was added to each 
well and incubated for another 4 h. Finally, the ability of 
cells proliferation was assessed using an enzyme-labeled 
analyzer to measure absorbance at 450 nm.
(B) MTT assay: The cell viability of the pSpcas9-
sgRNA1/2 group, blank group, and pSpcas9 group 

was validated using the cell viability Kit I (MTT) 
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide] (Roche, Switzerland) colorimetric test. In a 
96-wellplate, 5 × 103 cells/well were cultured at 37 °C 
in a 5% CO2 incubator. Cell viability was measured 
over three days (24 hours, 48 hours, and 72 hours). 
Each well was filled with 100 µL of serum-free media 
and 5µg.mL-1 Sigma MTT, which was incubated for 4 
hours at 37 °C in a CO2 incubator. The medium was 
gradually eliminated, and DMSO was introduced. The 
optical density ratio at 570 nm to the background at 690 
nm was measured with a State Fax-2100 ELISA plate 
reader to detect MTT metabolism and generate blue 
formazan (Awareness Technology, Palm City, FL).

Absolute ethanol was used to fix the  pSpcas9-sgRNA 
1/2 group, blank group, and pSpcas9-group of ACHN 
cells for 24 hours. The cells were washed twice in PBS 
before being stained for 15 minutes with BD Bioscience 
Pharmingen’s PI/RNase staining buffer. FACS flow 
cytometry was used to determine the DNA content of 
the cell population. FlowJo V10 software was used to 
evaluate the cell cycle data (Tree Star, Ashland, OR).

ACHN cells from the pSpcas9-sgRNA1/2 group, 
blank group, and pSpcas9 group were washed twice 
in PBS and then incubated for 15 minutes with 
FITC-Annexin V (Invitrogen TM, United Kingdom) 
and PI mixture (BioBasic, Canada). A CyFlow ML 
flow cytometer was used to examine apoptosis 
(PARTEC, GERMANY). Multi-Cycle AV software 
was used to examine apoptosis data (Phoenix Flow 
Systems, Biotechnology Company in San Diego, 
California).

Colony formation assays were conducted to 
investigate the effects of NEAT1 knockout on ACHN 
cells proliferation. Eight hundred ACHN cells were 
seeded onto 6-well plates and incubated for two weeks 
in complete media. After removing the media, the 
cells were then fixed with 4% paraformaldehyde and 
stained with 0.1% crystal violet. Finally, the number 
of colonies in each well was estimated. In the upper 
chamber of the Trans well, 105 pSpcas9-sgRNA1/2 

3.7. Expression of Apoptosis-Related Genes by Quantitative 
Real-Time PCR
The  expression  of  the  proapoptotic genes FAS, 

3.8. Cell Viability and Proliferation Assay

3.9. Cell Cycle Analysis

3.10. Apoptosis Detection

3.11. Colony Count and Migration Detection
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groups, blank group, and pSpcas9-group ACHN cells 
were introduced to 600 µL of serum-free media and 
grown. 600 µL of medium was introduced in the Trans 
well’s lower chamber. The non-invasive cells in the 
upper chamber were gently removed using a cotton 
swab after incubating the Trans well at 37 °C for 24 
hours.

3.12. Statistical Analysis
All of the trials were carried out three times. The 
mean difference between groups was estimated using 
independent T-test or analysis of variance (ANOVA) 
statistical techniques in the Statistical Package for 
Social Sciences (SPSS, Inc., Chicago, IL, USA) version 
20. GraphPad Prism version 7 for Windows (GraphPad 
Software, USA) was used to create the graphs. All P 
values less than 0.05, were considered statistically 
significant.

4.1. In-silico sgRNA Design

Vector designing strategy including the cleavage site, 
deleted fragment length, primer binding site, and 
sgRNA binding are displayed in Figure 1A. According 
to the findings, sgRNAs attach to the NEAT1 gene 
segment using the appropriate primers, eliminating the 
8363-bp segment. After sgRNA vector construction 
and bacterial transformation, colonies were selected 
and checked for the presence and/or absence of sgRNA 
inserts. PCR and gel results of sgRNA insertion into 
pSpcas9 vector (pSpcas9-sgRNA1 and pSpcas9-
sgRNA 2 vectors) are shown (Fig. 1B). 276 bp bands 
in pSpcas9 vectors show the presence of sgRNA1 and 
sgRNA2. The 276 bp bands confirmed the presence of 
sgRNA1 and 2 in vector pSpcas9 in Figure 1B, lane 
2 and lane 3.

4.2. In Vitro Knockout of the NEAT1 Gene
GFP-containing plasmid devoid of sgRNAs was used 
to transfect the ACHN cell line to create pSpcas9 
(control cell line), which was examined by fluorescence 
microscopy after 24 hours (Fig. 1C). A linear rise in 
fluorescence when the fraction of GFP-transfected 
cells was increased to 50k cells/well, was shown 
(Fig. 1D). This finding is comparable to image-based 

cell counting of GFP-transfected cells. These results 
show that increasing the fraction of cells constitutively 
expressing GFP (seeded into wells) results in a 76.8% 
increase in mean green fluorescence.
Co-transfection of cells using sgRNA vectors can 
take numerous forms. In the first scenario, a cell 
group received the vectors pSpcas9-sgRNA1 and 
pSpcas9-sgRNA2, and both sgRNAs operate on both 
chromosomal alleles of the NEAT1 gene, causing cas9 
to cleave both alleles. The PCR result in this situation 
would be a 590 bp fragment, indicating NEAT1¯/
NEAT1¯ mutation has occurred. However, in other 
cases, sgRNAs and cas9 may only act on one allele, 
resulting in the NEAT1+/NEAT1¯mutation, with the 
PCR output consisting of two 590 and 1001 bp bands. 
 Among all these options, this study aimed to see how 
to complete ablation of the NEAT1 gene (i.e., NEAT1¯/
NEAT1¯ mutation) affected apoptosis-related genes. As 
a result, the recombinant cells were screened, and only 
colonies containing recombinant NEAT1¯/NEAT1¯ 
cells were selected. A 590 bp band indicated that both 
the NEAT1 alleles were mutated, and the mutated cells 
carried the genotype of NEAT1¯/NEAT1¯ (Fig. 2).
The 590 bp segment should be preserved due to the 
function of the pSpcas9-sgRNA1 and pSpcas9-sgRNA 
2 vectors in cell lines. As a result, the PCR process 
yielded a 590-bp fragment for the target groups 
(pSpcas9-NEAT1-sgRNA1/2) and a 1001 bp fragment 
for the control groups (pSpcas9 and Blank) (Fig. 2A). 
The presence of a 590 bp band in the target groups’ 
PCR results demonstrated that sgRNA function was 
accurate. The T7 endonuclease 1 enzyme was utilized 
to determine whether the CRISPR sgRNAs solely target 
the NEAT1 gene. The 590-bp fragment was extracted 
from agarose gel electrophoresis and broken out into 
179- and 411-bp fragments using the T7 endonuclease 
1 enzyme. Mismatch fragments that indicate the right 
function of sgRNAs are shown (Fig. 2B).

Compared to the control group, the DNA sequencing 
results of the target locations by CRISPR/Cas9-NEAT1 
showed deletion and mutation of the protospacer 
adjacent motif (PAM) gene fragment. The NHEJ and 
genomic editing confirm the generation of double-
stranded DNA cleavages at specific target DNA sites, 
resulting in certain mutation patterns (Fig. 2C). 

4. Results

4.1. In-Silico sgRNA Design

4.3. RT–PCR and Sequencing
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Figure 1. System design and characterization. A) primer binding site, sgRNA binding and cleavage 
site. B) The presence of 276 bp bands in the plasmid vector pSpcas9 verified the existence of sgRNA1 and 
sgRNA2. Lane 1; 100 bp ladder, lane 2; pSpcas9 -sgRNA1, lane 3; pSpcas9 -sgRNA2, lane 4; pSpcas9 
vector, lane 5, Negative control (no DNA). C) GFP visibility was used to assess pSpcas9 transfection 
efficiency. D) pSpcas9-GFP ACHN cells were titrated from 0 to 50k cells/well using green fluorescence 
and image-based cell counts. pSpcas9: pSpcas9 (BB) 2A- Puro V2.0 vector, GFP: green fluorescent protein. 

RT–PCR was used to examine the relative expression of 
NEAT1 in the three groups of RCC cells. The CRISPR/
cas9 system in the pSpcas9-sgRNA1/2 group caused 
NEAT1 to be degraded, resulting in NEAT1 being 

inactive and expression of NEAT1 approximately 
being 0. However, NEAT1 expression was observed in 
2 groups: negative control (blank) and positive control 
(pSpcas9) (Fig. 2D).

A)

B) C)

D)
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Both proapoptotic genes, P53, BAK, FAS, and BAX 
and antiapoptotic genes, BCL2 and SURVIVIN were 

evaluated using quantitative real-time PCR (qRT-
PCR) in the examined cell lines: the pSpcas9-sgRNA1, 
2, pSpcas9-group, and blank control. Proapoptotic 
gene expression was significantly higher in the 

Figure 2. Gel electrophoresis of PCR fragments for NEAT1 gene in ACHN cells. A) The presence of 590bp and 1001 
bp fragments indicates NEAT1-/NEAT1-, NEAT1+/NEAT1+ genotypes, respectively. Lane 1: Negative control PCR, 
lane 2: 100bp DNA Ladder, lane 3: non digest NEAT1 gene with 1001 bp fragment in un-transfected cells (NEAT1+ /
NEAT1+), lane 4: non digest NEAT1 gene with 1001 bp fragment in control group (NEAT1+ /NEAT1+), lane 5: digested 
NEAT1 gene with 590 bp fragment in pSpcas9-sgRNA1,2 group homozygous (NEAT1- / NEAT1-), lane 6: digested 
NEAT1 gene with 590 bp and 1001 bp fragments in pSpcas9-sgRNA1,2 group heterozygous (NEAT1- / NEAT1-). B) 
The 1001bp and 590bp fragments were affected by T7 Endonuclease 1. 1) 100bp DNA Ladder   2) Negative control 
PCR    3) pSpcas9-group (control group) 4) Digested by T7E1. C) pSpcas9-sgRNA1,2 indicates deletion of the 8953 
bp gene region generated using sgRNAs. D) NEAT1 mRNA presence in 3 groups of ACHN cells was detected by RT-
PCR. (** p < 0.01). NEAT1: Nuclear paraspeckle assembly transcript 1, pSpcas9: pSpcas9 (BB) 2A- Puro V2.0 vector

A)

B)

C)

D)

4.4. The NEAT1 Gene Knockout Lead to Increased 
Expression of Proapoptotic Genes
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pSpcas9-sgRNA1, 2 groups than pSpcas9 and blank 
control groups (Fig. 3A, p<0.01). We next assessed 
antiapoptotic gene (BCL2, SURVIVIN) expression 
in 3 different RCC ACHIN cell groups. BCL2 and 
SURVIVIN gene expression was higher in the RCC 
control cell lines (pSpcas9-group, and blank control) 
than in crispr cas9 pSpcas9-sgRNA1, 2 cells (p < 0.05). 
The expressions of proapoptotic genes such as P53, 
BAK, BAX, and FAS increased in the ACHN cell line 

(pSpcas9-sgRNA1, 2 group) (Fig. 3A). The P-value 
for the proapoptotic P53, BAK, BAX, and FAS genes 
were 0.020, 0.016, 0.006, and 0.011, respectively, 
which indicates that these increases were statistically 
significant. In contrast, the expression of BCL2 and 
SURVIVIN antiapoptotic genes showed a decrease in 
the ACHN cell line (pSpcas9-sgRNA1, 2 group). The 
P values for BCL2 and anti-apoptotic SURVIVIN were 
0.040 and 0.048, respectively (statistically significant). 

Figure 3. Knockout of NEAT1 gene in ACHN cell line. A) induction of expression of pro-apoptotic genes BAX, 
P53, FAS, BAK at a significant level ** P <0.01 and reduction of expression of anti-apoptotic genes SURVIVIN and 
BCL2 at a significant level * P <0.05. B) LncRNA NEAT1   increases the proliferation of RCC cell lines. C) Different 
groups of ACHN cells expressing were cultured in 96-well plates, and cell proliferation was measured using CCK-8. 
D) Different groups of ACHN were cultured in 96- well plates and subjected to MTT assays to determine cell viability. 
NEAT1: Nuclear paraspeckle assembly transcript 1, pSpcas9: pSpcas9 (BB) 2A- Puro V2.0 vector.
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As a result, knocking out the NEAT1 gene enhances 
the production of apoptotic genes while decreasing the 
expression of antiapoptotic genes in the ACHN cancer 
cell line.

NEAT1 silencing efficiency in RCC cell lines was 
assessed. We gathered ACHN human RCC cell lines 
(pSpcas9-sgRNA1, 2, pSpcas9-group, and blank control) 
and used qRT–PCR to examine NEAT1 expression in 
these cells. NEAT1 was found to be the most highly 
expressed gene in both the pSpcas9 group and the 
blank control cell lines (Fig. 3B). These findings have 
shown that the NEAT1 gene deletion in the pSpcas9-
sgRNA1/2 group was carried out appropriately, with a 
considerable reduction in NEAT1 expression (P<0.01). 
The CCK-8 assay was used to study the influence 
of NEAT1 on the proliferation of RCC cell lines. Both 
the pSpcas9 group and the blank control ACHN cells 
had a high rate of cell proliferation. As a result, in the 
pSpcas9-sgRNA1/2 group, NEAT1 knockout decreased 
the proliferation of ACHN cells, as determined by the 
CCK-8 assay (Fig. 3C). Cell viability was evaluated 
using MTT assays 24 hours, 48 hours, and 72 hours after 
ACHN cells were grown in 96-well plates. Similarly, 
MTT experiments revealed that knocking out NEAT1 
in the pSpcas9-sgRNA1/2 group reduced ACHN cell 
viability (Fig. 3D). Briefly, cell proliferation of ACHN 
cells was significantly inhibited by pSpcas9-sgRNA1/2 
compared to the control groups (p<0.01). The results 
indicated that NEAT1 knockout might inhibit ACHN 
RCC cell proliferation. Our results confirmed that 
lncRNA NEAT1 promotes the proliferation of RCC 
cells.

Cell cycle advancement is linked to the acceleration of 
cell proliferation. Flow cytometry was used to examine 
cell cycle regulation in the pSpcas9-sgRNA1/2, 
pSpcas9-group, and blank control group of ACHN 
cells (Fig. 4A). NEAT1 knocked out ACHN cells with 
an increase in G0. G1 and a decrease in the S phase 
to G2.M phase ratio compared to the control groups 
(pSpcas9 group and blank control). NEAT1 knockout 
hindered cell cycle progression, according to these 
findings.

The RCC cells, knocked out by pSpcas9-sgRNA1/2, 
experienced cell growth suppression and apoptosis. 
Flow cytometry was used to determine apoptosis in 
the pSpcas9-sgRNA1,2, pSpcas9-group, and blank 
control group of ACHN cells (Fig. 4B). In the pSpcas9-
sgRNA1/2 group (Fig. 4C), the proportion of apoptotic 
cells was substantially higher than in the pSpcas9 group 
and the blank control group. NEAT1 lncRNA decreased 
apoptosis in RCC cells, according to these findings.

Colony formation assays have shown that the number 
of clones in the pSpcas9-sgRNA1/2, pSpcas9-group 
and blank control of ACHN cells was reduced. The 
number of clones in the pSpcas9-sgRNA1/2 group 
was counted to show significant differences from the 
control groups (Fig. 5B). NEAT1’s effects on RCC cell 
migration were then studied. ACHN cell migration was 
inhibited by NEAT1 knockout. The invasive potential 
of the pSpcas9-sgRNA1/2 group of ACHN cells was 
dramatically decreased in the Trans well cell invasion 
and metastasis experiment compared to the pSpcas9 
group and blank control cells (Fig. 5A). At the same 
time, the number of cells invading the Trans well was 
counted, and the findings revealed that after knocking 
out NEAT1, the number of invasive RCC cells was 
dramatically reduced (Fig. 5C).

RCC metastasis is one of the primary reasons for the 
failure of RCC therapy. On the other hand, traditional 
surgical therapy has been shown to be ineffective. For 
metastatic and progressing RCC, there is no powerful 
effectiveness. Radiation and chemotherapy do not affect 
it (27). Although targeted medications such as sorafenib 
and sunitinib have improved the longevity of patients 
with advanced RCC, there are still flaws, such as drug 
resistance (28). As a result, a novel RCC therapeutic 
target is a discovery. mRNA (such as HIF1-a, VEGF), 
miRNA (such as miR-21, miR-155), and lncRNA have 
all been identified as possible RCC molecular targets in 
recent years (29-32). LncRNAs offer a wide range of 
therapeutic applications in the diagnosis, treatment, and 
prognosis of malignancies, and they have become an 
investigation priority for cancers of the urinary system. 

4.5. LncRNA NEAT1 Increases the Proliferation of 
Human RCC Cell Lines

4.6. lncRNA NEAT1 Promotes Cell Cycle Progression 
in RCC Cells

4.7. knockout of LncRNA NEAT1 Promoted RCC Cells 
Apoptosis 

4.8. NEAT1 Knockout Suppressed Cell Migration

5. Discussion
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LncRNAs are RNA molecules that are longer than 200 
nucleotides but do not encode proteins. LncRNAs are 
very diverse RNAs that play an essential role in the 
biological processes of various disorders, most notably 
cancers (33). In the biological control of cancers, such 
as the P53 and NF-kB pathways, lncRNAs act as 
proto-oncogenes and tumor suppressor genes (34).
Although specific lncRNAs have been examined in 
RCC, such as MALAT1 and ATB, many more have 
yet to be found, and there is presently no lncRNA with 
RCC specificity (35-37). The lncRNA NEAT1 was 
determined to be a newly identified RCC-associated 
lncRNA in our research. NEAT1 was substantially 
expressed in RCC tissues and promoted RCC cell growth 
in vitro. As a result, we propose lncRNA NEAT1 as a 
novel biomarker for the diagnosis and treatment of 
RCC. Several forms of lncRNAs have been discovered 

to have a role in tumor metastasis regulation. The 
lncRNA CCAT2 promoted tumor migration in HCC 
cells, but CCAT2 knockout inhibited invasion in highly 
metastatic HCC (38). The p53/Akt signaling pathway 
is controlled by lncRNA HOTAIR, which controls 
tumor metastasis in breast cancer cells (39).
Furthermore, HOTAIR was linked to metastasis, such 
as glioma, and a poor prognostic factor for glioma 
(40). According to our findings, the regulatory 
factor NEAT1 for RCC tumor metastasis stimulates RCC 
cells. According to the RT- PCR, the lncRNA NEAT1 were 
strongly expressed in the RCC control group compared 
to the pSpcas9-sgRNA1/2 group. NEAT1 was shown 
to be substantially expressed in metastatic RCC tissues 
simultaneously. As a result, NEAT1 could be used to 
predict RCC development and tumor spread. Cancer 
cells have high proliferative activity (41, 42). 

Figure 4. LncRNA NEAT1 accelerates the cell cycle progression of RCC cells. A) Cell cycle assays were 
performed by flow cytometry. B) Knocking out the lncRNA NEAT1 causes RCC cells to apoptosis. C) The 
fraction of apoptotic cells in the Q1, Q2, Q3, and Q4 quadrants of ACHN cells was calculated using Flowjo 
software. *P < 0.05; **P < 0.01. NEAT1: Nuclear paraspeckle assembly transcript 1, pSpcas9: pSpcas9 (BB) 
2A- Puro V2.0 vector.
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NEAT1 has previously been linked to the progression of 
various malignancies (43, 44). Chen et al., found that 
overexpression of NEAT1 increased the proliferation 
of esophageal squamous cell carcinoma (44). We 
discovered that blocking cell cycle progression by 
knocking out NEAT1 inhibited RCC cell growth. These 
data, together with the high expression of NEAT1 in 
RCC tissue, imply that NEAT1 may act as an oncogene 
promoting RCC’s development (45, 46). In RCC 
patients, metastasis is the most common cause of death 
(47, 48). NEAT1 knockout inhibits gastric cancer cell 
migration and invasion in vitro, according to previous 
research (49, 50). lncRNAs could provide a new 

landscape for research to determine the relationship 
between lncRNAs and metastasis cell and migration 
pathways (51, 52). Evidence supports the effect of 
lncRNA on drug resistance, increase or decrease in 
apoptosis, and cell proliferation (53, 54). Our fi ndings 
showed that the out-regulation of NEAT1 decreased RCC 
cells’ capacity to migrate, which was in line with fi ndings 
of other researchers (55, 56, 57). According to our 
fi ndings, NEAT1 knockout reduced antiapoptotic gene 
expression in RCC cells. NEAT1 knockout also induced 
apoptosis in RCC cells by increasing proapoptotic 
genes. These fi ndings show that NEAT1-targeted RCC 
treatments may be benefi cial. Our fi ndings are the 

Figure 5. LncRNA NEAT1 promotes the migration of RCC cells. A) Different group of ACHN cells were 
cultured in 6- well plates and subjected to colony formation assays. B) ACHN cells were seeded into transwells 
and invasive cells were imaged after 24 hours of culture. C) The quantitative analysis of the migrated ACHN cell 
groups. NEAT1: Nuclear paraspeckle assembly transcript 1, pSpcas9: pSpcas9 (BB) 2A- Puro V2.0 vector
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first to illustrate that knocking out NEAT1 controlled 
RCC development by boosting proapoptotic genes 
(P53, FAS, BAK, and BAX).

6. Conclusion
To the best of our knowledge, this is the first 
investigation of the influence of NEAT1 on kidney 
cancer cell progression. Furthermore, employing 
NEAT1 as a target may have therapeutic benefits in 
generating possible therapies for kidney malignancies, 
demonstrating the need for a better knowledge of the 
biology of these diseases with direct clinical results for 
establishing innovative treatment options. Knockout of 
the NEAT1 gene in the ACHN cell line using the CRISPR/
Cas9 technique reduced cell survival and proliferation 
and increased apoptosis. Therefore, it seems that the 
inactivation of the NEAT1 gene effectively increases 
the apoptosis of kidney cancer cells.
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