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Background: The second most common cause of mortality is cancer. Increased NOX4 expression is linked to cancer 
development and metastasis. However, the significance of NOX4 in cell growth and assault, remains unclear.
Objective:  This study aimed to evaluate the effect of NOX4 knockouts in MCF7, UM-RC-6, HCA-7 cell lines.  
Materials and Methods: The NOX4 gene was knocked out in MCF7, UM-RC-6, and HCA-7 cell lines through using 
CRISPR Cas-9 genetic engineering techniques. After transfection, the CRISPR Cas-9 cassette, the T7 endonuclease 
I, qPCR, and western blotting assay detected the NOX4 knockouts. MTT and Annexin assessed the percentage of cell 
proliferation and apoptosis. Real-time PCR was used to measure the expression of pro- and anti-apoptotic genes.
Results: Occurrence of NOX4 gene knockout in the examined cell lines, was confirmed by q-PCR and Western blot 
(P<0.001). The NOX4-deleted cell lines with increased sub-G1 caused lowered cell proliferation and population at S / G2/ 
M phases.  In Vitro, NOX4 silencing caused lowered expressions of anti-apoptosis genes BCL-2 and SURVIVIN (P<0.0001), 
leading to increased tendency of apoptosis in the cell lines (P<0.0001) of the apoptotic genes BAX, P53, FAS. Additionally, 
the MTT and Annexin results of the target gene NOX4 knockout inhibited proliferation, increased mortality rates (P<0.01), 
and increased apoptosis.  
Conclusion: The findings of this study indicate that using  NOX4  as a target can have therapeutic value for creating 
potential treatments against breast, colorectal, and kidney cancers which shows a need for a deeper understanding of the 
biology of these cancers with direct clinical outcomes for developing novel treatment strategies.
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1. Background
Cancer ranked as the second biggest cause of mortality 
globally, behind cardiovascular illnesses, causing 
societal and economic harm (1). Mutations are 
occurring in people’s genomes more than ever because 
of excessive biological progressions (2). Colon cancer 
is the world’s 3rd most common cancer in males and 
the 2nd most frequent disease in females (3). About 5% 
of colorectal cancer patients have an additional primary 
cancer (4). 30% of cancer detection cases in women are 

related to breast cancer, making it the most frequent 
cancer type among women and a 15% mortality rate (5). 
According to research, breast cancer patients over 50 
are also more likely to acquire colorectal cancer (6). As 
cytoplasmic signaling factors, reactive oxygen species 
(ROS) are participated in a range of biological processes 
(7). The formation of reactive oxygen species (ROS) is 
controlled by NADPH-oxidases (8). The physiological 
actions of NADPH oxidases are diverse, and they 
contribute to cell division, kidney function regulation, 
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microorganism immune response, but their excessive 
expression is seen in cancers (9). NOX4 is a generated 
NOX isoform that is essential for H2O2 production and 
belongs to the NOX class (10); recent studies have 
reported that NOX4 is involved in many cancers (12, 13). 
Although the mechanisms with which NOX4 regulates 
proliferation, migration, and survival of cancer cells 
are not clarified, a few studies show that NOX 4 
causes cell proliferation through cell cycle regulation 
and apoptosis inhibition (14, 15). With advances in 
molecular biology, genome editing technologies can 
change genomes and observe functional changes 
caused by genetic modulation. Multiple methods have 
been used for treating malignancies that affect the 
normal cells of the body. Nevertheless, further attempts 
are needed to develop cancer and oncology treatment 
methods using molecular biology (16). Recently the 
Cas 9 protein system associated with the Clustered 
Regularly Interspaced The national cancer institute has 
used short Palindromic Repeats (CRISPR) to reduce 
the deaths caused by cancer as a novel therapeutic and 
powerful technology with high accuracy and efficiency 
for treating cancer (17).

2. Objectives
This study is one of the newest studies using the 
CRISPR-Cas9 system to knockout several cancer cells. 
It compared the effects of deleting NOX4 on the cellular 
metabolism of cells to determine the effect on relevant 
cancer progression. 

3. Materials and Methods

3.1. Materials and Cell Line Acquisition
In this study, we acquired the MCF-7 (CVCL_0031) 
breast cancer, UM-RC-6 (CVCL_2741) kidney cancer, 
and HCA-7 (AddexBio C0009003) colon cancer 
cell line from Iran’s Pasteur Institute’s national cell 
collection.

3.2. Target Design and Cloning
	3.2.1. SgRNA Designing
The CRISPR/Cas9 Targeting Online Predictive model 
was used to generate the sgRNAs (http://crispr.mit.
edu/). The nucleotide sequence was obtained from 
the GenBank dataset of the National Center for 
Biotechnology Information (NCBI, National Biosciences, 

Inc., Plymouth, MN).

3.2.2. CRISPR/Cas9 Knockdown of NOX4
The NOX4 gene’s activity was disrupted using 
the CRISPR/Cas9 technology. The sgRNA 
sequence targeting  NOX4  was 5› AAAAGGGG 
TTTTCCCCAAAA 3›. To analyses the activity 
of sgRNAs in vector-treated cells, both the 
forward and reverse primers were designed for 
PCR upstream of the first and downstream of the 
second sgRNA. Forward and reverse primers 
were designed for positions 46527 to 46549 
(forward) and 47314 to 47335 (reverse). With 
the function of sgRNAs, the PCR product had a 
550 bp band and, in the negative control, 808 bp. 
The forward primer sequence was GGGTCCAA 
CACCACATAAATGTG, and the rivers primer 
sequence was GAGTCCGTATCTCCGAAACTCA. 
PCR was performed to determine the presence of 
SgRNA in the pSpcas9 (BB) -2A-Poor (PX459) V2.0 
crystalline vector. Also, individually targeted small 
interfering RNAs (siRNAs) were transfected into 
Colon cancer cell lines, with a nontargeting siRNA 
(control) serving as a negative control. siRNAs of the 
following sequences were bought from Pishgaman 
Gene Transfer Company (GTP Company, Iran).

siRNA1 sense: 
5′-GCCUCAGCAUCUGUUCUUATT-3′,

siRNA1 antisense: 
5′-UAAGAACAGAUGCUGAGGCTT-3′,

 siRNA2 sense, 
5′-CCAGGAGAUUGUUGGAUAATT-3′, 

and siRNA2 antisense, 
5′-UUAUCCAACAAUCUCCUGGTT-3′.

The human cancer cells were grown in DMEM 
media  (Sigma-Aldrich, USA) enriched with 10% 
inactivated fetal bovine serum (FBS, Gibco, 
USA), 100µg.mL-1 of each antibiotic (penicillin, 
and streptomycin) at 37 degrees Celsius and 5% CO2. 
Transfection of cells (3×105 cells/transfection) was 
performed. PX459-sgRNA1 and PX459-sgRNA2 
plasmids were co-transfected into cells mediated by 

3.3. Cell Culture and Transfection
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Lipofectamine™2000 (Invitrogen, USA) using the 
company’s standard guidelines as a guide. As for the 
control group, the PX459- GFP vector was transfected 
into the cells of another well (PX459-group).

In this test, after genomic DNA was extracted (DNPTM 
Kit, Tehran, Iran), cells were collected from cell culture 
6- well plate and were centrifuged at 3000 rpm. The clean 
upper phase was scrapped and replaced with a 300 μL 
PBS higher part solutions. Cell Lysis was performed by 
resuspending induced cells into 25 μL Lysis Buffer. PCR 
was used to amplify nucleotide sequence comprising 
the target sequences of LINC00511 gRNAs. Then, 1 
μL of T7 Endonuclease I kit (Genecopoecia TM, US) 
was added, incubated at a temperature of 20-60 °C. 
PCR products were run on a gel resolves full-length 
DNA, and PCR products cleavage was performed by 
T7 Endonuclease I enzyme.

Cells were collected at 300×g for 5 minutes and washed 
in 0.45 % TWEEN 20, 0.45 % NP40, 0.1 µg.mL-1 

gelatine, 1.5 mM MgCl2, 50 mM KCl, and 10 mM TRIS 
pH 8.3 (cell lysis buffer). 20 µg.mL-1 of proteinase-K 
(Cusabio, China) was added to the mixture. The cell 
lysates were then incubated for 1 hour at 55 degrees 
Celsius and 5 minutes at 95 degrees Celsius. DNA from 
the PCR reaction was denaturized and re-annealed at 
0.1 C. s from 85 to 25 degrees Celsius for Native PAGE. 
The Purified DNA was then separated for 2 hours at 150 
V on a 10% native Polyacrylamide gel. As a marker, the 
Genetic Ladder (Sina Yas, Iran) was utilized.

The RNXTM-Plus liquid was used to isolate RNA from 
the samples according with manufacturer guidelines 
(SinaClon, Iran). Additionally, utilizing random 
hexamer and the Prime ScriptTM-RT kit (TaKaRa, Japan), 
1µg of RNA was utilized to make cDNA. According to 
the manufacturer guidelines, quantitative RT-PCR was 
conducted using particular primers (Table 1) and the 
SYBR®Premix Ex TaqTM II kit (TaKaRa, Japan). The 
following  conditions were used for thermal cycling: 
a 5-minute activation stage at 95 °C, followed by 40 
cycles of 95 °C for 15 seconds and 60 °C for 1 minutes. 
The normalizer was the GAPDH housekeeping gene. 

Primer sequenceSize (bp)TM (°C)Gene

F : 5′-AGAACTGGCCCTTGGAGG -3′
R : 5′-CTTTTTATGTTCCTCTATGGGGTC -3′

17064SURVIVIN 

F : 5′-GACGACTTCTCCCGCCGCTAC -3′
R : 5′-CGGTTCAGGTACTCAGTCATCCAC -3′

24565Bcl2

F : 5′-AGGTCTTTTTCCGAGTGGCAGC -3′
R : 5′-GCGTCCCAAAGTAGGAGAGGAG -3′

23465BAX

F : 5′-GCCAAAAGGGTCATCATCTCTGC -3′
R : 5′-GGTCACGAGTCCTTCCACGATAC -3′

18364GAPDH

F : 5′-TGCGTGTGGAGTATTTGGATGAC -3′
R : 5′- CAGTGTGATGATGGTGAGGATGG -3′

17064P53

F : 5′-CAATTCTGCCATAAGCCCTGTC -3′
R : 5′- GTCCTTCATCACACAATCTACATCTTC -3′

18464FAS 

F : 5′-GGGTCCAACACCACATAAATGTG-3′
R : 5′- GAGTCCGTATCTCCGAAACTCA-3′

51763MCF7, NOX4

F : 5′-TGTGCCGAACACTCTTGGC-3′
R : 5′- ACATGCACGCCTGAGAAAATA -3′

51763HCA-7, NOX4

Table 1. Sequence of primers used in this research

3.4. T7 Endonuclease I (T7EI)

3.5. Genes Amplification by Genomic PCR and Native 
PAGE 

3.6. The Expression of Apoptosis Related Genes
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The 2-ΔΔCt approach was used to determine  relative 
expressions.

The cell lines were extracted and treated with a 
protease inhibitor mixture comprising 1 percent 
IPEGAL, 150mM NaCl, 0.5 percent deoxycholate, 
5mM EDTA, 50mM Tris-HCl,  pH 7.5 (RIPA buffer) 
(Promega,  United States). Proteins including whole 
extracts were separated on SDS-PAGE and then applied 
to nitrocellulose sheets for protein immunoblot analysis. 
Odyssey was used to capture the photographs (Licor 
bioscience, Lincoln, NE). The NOX1  (Abcam, United 
Kingdom) and  NOX4  (Sigma-Aldrich,USA), and  
GAPDH (WeiAo, China) antibodies were prepared. 

In vitro proliferative activity was assessed with cancer 
cell lines using CyQUANT Cell Proliferation Assay 
Kit (C-7026). Freshly pelleted cells were cultured, and 
successive different concentration of cells in 200 mL 
were prepared on a microplate and cultured at 37 °C 
with 5% Carbon dioxide. Following 48 hours, each 
excellent growth media was changed with 100 mL of 
new  media. Microplates were collected on days 0, 1, 
2, 3, 4, and 9. At room temperature, all samples were 
dissolved, and 200 mL of CyQUANT GR dye/lysis 
solution (Life Technologies, Canada) was introduced 
to every unit plate. The mixture was incubated in dark 
environment for 5 minutes. The fluorescent of the 
samples was estimated, and proliferation graphs were 
calculated as fluorescent vs time. MTT (Sigma, MO, 
USA) assay measured cell mortality following the 
manufacturer’s protocol. Propidium iodide (PI) was 
used to study cell divisions (BD Biosciences). Before 
flow cytometry, cell lines were rinsed in cool PBS, 
fixated in 75 percent ethanol at -20 °C 24 hrs, and then 
treated with PI for 15 minutes.

Samples were evaluated using a flow cytometry 
technique with an Annexin V FITC dye (Thermo 
Fisher Scientific) to determine the amount of apoptosis, 
according to the company’s procedure. The Results 
section used this apoptosis rate evaluation to analyze 
the correlation between apoptosis and gene expression 

3.7. Western Blotting

3.8. Cell Proliferation, Cell Mortality, and Cell-Cycle 
Assay

levels obtained with real-time PCR.

The average and standard deviation (SD)  are used to 
show the data. The statistically significant difference 
of the discrepancies was determined using GraphPad 
Prism t-test. P<0.05 values were deemed significant in 
the analyses.

4. Results

The results of design, primer annealing location, 
and PX459-sgRNA 1 and PX459-sgRNA 2 vector 
containing cells PCR with specific primers are presented. 
According to the 289 and 287 bp bands in samples 2 and 
4, the presence of sgRNA1 and 2 in vector PX459 are 
verified. Cell line cultures were monitored for 24-120hr 
post culture, and their growth profile was documented. 
Cell transfection to produce PX-459 was carried out by 
GFP containing cell lines free of sgRNAs and imaged 
after 24hr by fluorescence microscopy (Fig. 1). This 
picture shows a GFP vector containing cells as green 
dots. Considering the performance of PX459-sgRNA 1 
and PX459-sgRNA 2 vectors in the cell lines, a 258bp 
segment of the NOX4 must be deleted. Therefore, the 
expected PCR product for target groups (PX459-NOX4-
sgRNA1,2) is 550bp, and 808bp for the control (PX459 
and blank) (Fig. 2).  The existence of a 550bp band 
in the PCR products shows the valid function of the 
sgRNA. To further assess if the CRISPR sgRNAs have 
only targeted the intended NOX4I, the T7 endonuclease 
I was used for cutting the target genes. The 550bp band 
was extracted for this purpose and treated with T7 
endonuclease I, which split the band into 185 and 365bp 
products. According to results, the two 185 and 365 
pieces represent the valid functioning of the sgRNAs. 
Co-transfection of the recombinant constructs to the 
MCF-7, UM-RC-6, and HCA-7 cells resulted in 550bp 
bands after PCR analyses using NOX4-F and NOX4-R 
primers. The same PCR analyses resulted in an 808 bp 
and the other two groups of cells (blank control group 
and vehicle group PX459-GFP), indicating no gene 
editing. Since the deleted fragment includes parts of 
the promoter region and exon 1 of the NOX4 gene, this 
gene’s CRISPR/Cas9 mediated knockout appears to 
be entirely successful. DNA repair process in crisper 

3.9. Flow-Cytometric Analysis of the Cell

3.10. Statistical Analysis

4.1. Successful Knockout of NOX4 Using CRISPR/Cas9

Javadi M et al.
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technique is mainly performed by Homologous End 
Joining (NHEJ). This process is prone to error, so that 
some indels may cause slightly different fragments. 
Based on theory evidence, the expected length of the 
fragment is 365bp. A T7 endonuclease 1 assay was 
used to confirm the CRISPR system efficiency. Figure 
2 shows the results of the cleavage assay using the T7 
endonuclease. The presence of cleaved mismatch bands 
confirms NOX4 knockout (Fig. 2, Lane 4, 5, 7). All three 
MCF-7, HCA-7, and UM-RC-6 cell lines have Cleaved 
mismatch products segment, and bands of 185, 365, 
and 550 bp indicate correct knockout confirmation. It is 
in all three cell lines.

The knockout experiments were performed on 
a cell pool of each cell line. So, a section of the 
cell population was expected to be targeted by the 
application CRISPR knockout technique. Therefore, 
the treated cell pool must be heterogeneous. So, the 
treated cell population tested was heterogeneous in 
terms of silencing the gene activity. This heterogeneity 
was observed in experiments performed on genomic 

Figure 1. Transfection of cells: A) MCF7, B) UM-RC-6, and C) HCA-7 using the Lipofectamine 
2000 reagent. According to the transfection results, cell line UM-RC-6 had a higher GFP transfection 
efficiency than MCF-7 and HCA-7.

DNA and Western blotting. According to the result, 
UM-RC-6 kidney cancer cell lines had the highest level 
of mRNA expression, followed by HCA-7 colorectal 
cancer cell lines and the MCF7 cell line. In all three cell 
lines, after knocking out  NOX4  (PX459-sgRNA1,2), 
mRNA expression was decreased, which shows the 
proper function of the CRISPR system and a significant 
difference (**P<0.001) with the control cell lines.  
According to the results, the greatest effect of crisper 
on cell mass was HCA-7, followed by MCF-7 and UM-
RC-6, respectively. Therefore, the lowest NOX4 gene 
knockout was seen in UM-RC-6 kidney cancer cell 
lines, which was visible at a significant level of P <0.05 
compared with the control group (Fig. 2B).
Furthermore, the results of western blots using NOX4 
antibodies revealed that the protein’s expression is 
lost in NOX4 knockout cells (target groups) (Fig. 2C), 
while  NOX4  had a strong expression in the control 
group. On the other hand, NOX1 expression in the target 
group (NOX4 knockout) was used as an internal control. 
The results demonstrate  that NOX1  was expressed in 
these cells (Fig. 2C). These results were confirmed by 
western blotting, which revealed that the protein band 
of the UM-RC-6 cell group was stronger than that of the 

4.2. CRISPR/Cas9-Mediated NOX4 Knockout Validated 
at mRNA and Protein Levels

Javadi M et al.
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A)

C)

Figure 2. A) PCR analysis of gene expression in MCF7, UM-RC-6 and HCA-7 transfected cells. Lane1: Negative 
control for the PCR reaction; Lane 2 and 3: PX459-groups (800 bp Band showing in Negative control group for CRISPR/
Cas9 knockout); Lane 4: CRISPR/Cas9 knocked out HCA-7 DNA digested by T7E1 (185, 365, 550 bp Bands after T7 
endonuclease function have been seen); Lane5: CRISPR/Cas9 knocked out UM-RC-6 DNA digested by T7E1 (185, 
365, 550 bp Bands after T7 endonuclease function have been seen); Lane 6: 100bp DNA Ladder; Lane 7:  CRISPR/
Cas9 knocked out MCF-7DNA digested by T7E1 (185, 365, 550 bp Bands after T7 endonuclease function have been 
seen). B) NOX4 expression in MCF-7, UM-RC-6, and HCA-7 cells compared to control groups. after knocking 
out NOX4 (PX459-sgRNA1,2) mRNA expression was decreased which shows the proper function of the CRISPR 
system and a significant difference (**P<0.001) with the control cell lines.  According to the results, the greatest 
effect of crisper on cell mass was HCA-7, followed by MCF-7 and UM-RC-6, respectively. C) Western blot results 
(NOX4 protein expression) with anti-NOX4 and NOX1 antibodies. Equal amount of control and NOX4 knockout 
cell lysates were probed with anti-NOX4 antibody. Experiments were repeated three times with similar observations, 
and representative data is shown. NOX4 knockout did not influence NOX1 levels. Protein levels of NOX1, in parental 
cells and three clones of NOX4 knockout. The knockout experiments were performed on a cell pool of each cell line. 
So, it is expected that a section of the cell population, was targeted by the application CRISPR knockout technique. 
Therefore, the treated cell pool must be heterogeneous. So, the treated cell population tested was heterogeneous in 
terms of silencing the gene activity. This heterogeneity was observed in experiments performed on Western blotting.

Javadi M et al.
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MCF-7 and HCA-7 cell lines. These results show that 
the CRISPR-Cas9 mediated NOX4 knockouts are valid 
in the target cells at a cellular level (gene and protein).

4.3. Effect of NOX4 Knockout on the Expression of 
Apoptosis-Related Genes
In the NOX4 knockout, we expect to have an 
increase in apoptotic gene expression and a lowered 
expression of anti-apoptotic gene expression. 
According to the results (Fig. 3), the anti-apoptosis 
genes  BCL2  and  SURVIVIN  were over-expressed in 
control compared to the target (PX459-sgRNA1,2) 
in the three cell lines, while the expression of the 
apoptotic genes P53, BAX, and FAS     were increased 
in the three mentioned cell lines of  NOX4  knockouts 
(target group) compared to the blank control group. 
The P-value for the pro/anti-apoptosis genes was 

significant according to our calculations. In contrast, 
the  BCL2  and  SURVIVIN  genes in target groups 
demonstrated loss of  NOX4. These results show that 
by removing NOX4 in cancer cells, the apoptosis genes 
increase expression and the anti-apoptosis genes have 
lowered expression. Additionally,  NOX4  knockouts 
increase apoptotic gene expression in breast, colorectal, 
and kidney cancer. These results demonstrate the 
importance of NOX4 in the mentioned cancers.

4.4. CRISPR/Cas9-Mediated Knockout of NOX4 Dec-
reased Cell Proliferation
The effect of  NOX4  knockout on cancer cell lines 
MCF7, UM-RC-6, and HCA-7 were evaluated in 
24, 48, 72, 96, 120, 144, 168hr. According to results 
(Fig. 3), cancer cell proliferation of MCF7, UM-
RC-6, and HCA-7 lines were significantly lowered in 

Figure 3. The effect of NOX4 knockouts on MCF-7, UM-RC-6, and HCA-7 cell lines. The 
cancerous cell proliferation rate is lowered significantly after 72hr in the PX459-sgRNA1, 2 group 
compared to the blank control and PX459.

A) B)

C)
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Figure 4. Changes in the balance of pro- and anti-apoptotic gene expression. The sum of the expression 
levels of anti-apoptotic genes; (SURVIVIN and BCL2) and pro-apoptotic genes (BAX, P53 and FAS) in: A) 
breast (MCF7), B) colon (HCA-7), and C) Kidney (UM-RC-6) cancer cell lines were compared by Real-Time 
PCR. As a result, expression of the anti-apoptotic factors BCL-2 and SURVIVIN were decreased, whereas 
expression of the pro-apoptotic factors BAX, FAS and P53 increased.

A) B)

C)

72hr in the PX459-sgRNA1,2 group compared to the 
control (PX459) and blank control group (P<0.001). 
These results show lowered cell proliferation caused 
by a  NOX4  knockout and correct functioning of the 
CRISPR system. The effect of  NOX4  knockout on 
mortality rates of cell lines MCF7, UM-RC-6, and 
HCA-7 in 24, 48, 72hr has been assessed by the MTT 
method. The MTT assay results show a significant 
(P<0.01) difference between the growth of the control 
group (blank and PX495) and the target group (PX495-

sgRNA1,2) in all cell lines. In 72hr, the mortality rate 
of the cancer cell lines MCF7, HCA-7, and UM-RC-6 
are 59%, 61%, 68%. These results are by the real-time 
PCR and show the effects of NOX4 knockout on the 
MCF7, UM-RC-6, and HCA-7 cell lines (Fig. 4).
Subsequently, the cell cycle was assessed with flow 
cytometry. In the target group, cell lines (pX459-
sgRNA1,2 group), sub-G1 was increased compared 
to pX459 and the control blank, which caused delayed 
entry to the G2 phase and a subsequently reduced 

Javadi M et al.
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Figure 5. MTT assay. Cell mortality in cell transfected (PX459-sgRNA1, 2) A) MCF7, B) HCA-7, and C) 
UM-RC-6, cell lines were significantly difference with compared to control cells. The differences at 24, 48 and 
72 hours were considered significant when p value was lower than 0.05. Adjusted P Value Blank and pX459 
Control groups vs pX459-sgRNA1,2 <0.01. 

A) B)

C)

cell proliferation rate in this group. The DNA amount 
of the cells was determined using flow cytometry 
after they were treated and labeled with propidium 
iodide. The outcome of one typical test from three 
different experiments is displayed. The x and y axes 
represent the amount of DNA and the number of cells, 
correspondingly. The cell-flowing program was used to 
compute each cycle. Sub-G1, G0/G1, S, and G2/M cell 
percentages were also shown. The data is presented as 
a mean with standard deviation (SEM) (mean ± SEM). 
P<0.0001 (one-way analysis of variance followed by 
independent sample t-test). Three times, the experiment 
was conducted.

In this study, the V-FITC Annexin dye was used to 
assess the primary apoptosis, secondary apoptosis, 
necrosis, and living cells in three cell groups (blank 
control, PX459, and the PX459-sgRNA1,2 group). 
According to the results (Fig. 5), the PX459-sgRNA1,2 
group (cells with a knocked out NOX4) of MCF7 had 
primary apoptosis, secondary apoptosis, necrosis, 
and living cell rate of 28.25%, 32.87%, 9.89%, and 
28.99%, and the HCA-7 had rates of 23,97%, 31.61%, 
10.2%, and 34.22% while the UM-RC-6 kidney cancer 
cell line had more apoptosis with rates of 31.25%, 
37.87%, 4.49%, 26.39%. The control cells had primary 

4.5. Apoptosis Rate Increase
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apoptosis, secondary apoptosis, necrosis, and living 
cell rates of 0.5%, 2.02%, 7.22%, 90.26%. The results 
above confirm the MTT and real-time PCR results that 
the knockout of NOX4 causes apoptosis in cancer cells 
MCF7, UM-RC-6, HCA-7 (Fig. 6).

5. Discussion
The current study shows successful NOX4 knockouts 
by the CRISPR/Cas9 system in breast cancer (MCF7 
cell lines), kidney cancer (UM-RC-6), and colorectal 
cancer (HCA-7) cell lines (18, 19, 20). In this study, 
a growth graph was drawn after growing MCF7, 
UM-RC-6, and HCA-7 lines. The UM-RC-6 cell 
line had the largest growth rate, and HCA-7 had the 
lowest growth rate. This result agrees with Zhang 
et al. (2009) finding, showing that kidney cancer 
cell lines grow  FAS  more than other cell lines 
(21). The  NOX4  is a membrane-associated active 
redox protein that unstably plays a role in human 

Figure 6. The amount of primary apoptosis, secondary apoptosis, necrosis, and living cells in three groups of 
cells based on coloring with the annexin V-FITC dye. A) Blank control group, B) PX459 group, C) PX459-
sgRNA1,2 group of MCF-7 cell line, D) PX459-sgRNA1,2 group of HCA-7 cell line, and E) PX459-sgRNA1,2 
group of the UM-RC-6 cell line.

A) B) C)

E)D)

cancers through irradiation sensitivity, oxidation, 
and signaling based on H2O2 production capacity 
(22). The catalytic component of the NADPH oxidase 
compound is encoded by this gene, which belongs to 
the NOX family of enzymes. Non-phagocytic cells 
have the encoding polypeptide, which functions as an 
oxygen sensor and stimulates the reduction of oxygen 
molecules to different reactive oxygen species (ROS). 
This protein’s ROS has been linked to a variety of 
biological processes, involving signal transmission, 
cell differentiation, and malignant cells proliferation 
(22). NOX4 overexpression has been seen in multiple 
tumor types (23). This report used the CRISPR-Cas9 
gene-editing system to knock out  NOX4  in cancer 
cell lines MCF7, UM-RC-6, and HCA-7. Most of 
the NOX4 gene knockout effect is related to colon 
cancer and breast cancer cell and renal cancers. These 
results were confirmed by western blotting, which 
revealed that the protein band of the UM-RC-6 cell 
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group was stronger than that of the MCF-7 and HCA-
7 cell lines. These results show that the CRISPR-Cas9 
mediated NOX4 knockouts are valid in the target cells 
at a cellular level (gene and protein). As far as we 
know, this is the first study focused on the comparative 
assessment of  NOX4  knockouts of three cancers. In 
agreement with Jafari et al. (2017), this study found that 
mRNA expression of NOX4 is lowered considerably in 
target cells, leading to a lowered  NOX4  protein level 
(26). In this study, we observed a significant lowering 
of MCF7, UM-RC-6, and HCA-7 cancer cell line›s 
proliferation after deleting  NOX4  compared to the 
control group. Because of  NOX4’s involvement in 
multiple cellular processes, i.e., regulation of apoptosis 
regulators and cell cycle growth factors inhibits 
apoptosis and promotes cancer cell proliferation (24). 
Interestingly,  NOX4  isoforms are rarely directly 
associated with cancer spreading (25). The involvement 
of NOX4 in various malignancies has been the subject 
of several studies. The effect of NOX4 in cancer 
progression is unknown due to the contradictions in 
these results; although several research show NOX4 
assists cell growth, others claim NOX4 suppresses 
cell growth and aids liver cell apoptosis (27, 28, 29). 
Additionally, NOX4 knockouts of the three MCF7, UM-
RC-6, and HCA-7 lines cause lowered expression of the 
anti-apoptosis genes  SURVIVIN  and  BCL-2  followed 
by a significant (P<0.0001) expression increase in 
the BAX, P53, FAS genes compared to the control group. 
In-vitro silencing of  NOX4  in cells caused lowered 
expression in BCL-2 and SURVIVIN, which caused an 
increased tendency of apoptosis in cancer cells. This 
result agrees with the study of Nlandu-Khodo et al. 
(2016), showing that the overexpression of an active 
form in the NOX4 knockouts causes the death of cancer 
cells (30). 
Additionally, the current study’s findings reveal 
NOX4  is needed for the proliferation of MCF-7, UM-
RC-6, HCA-7 cell lines (31, 32, 33). Cell cycle analysis 
of  NOX4  knockouts of cancer cell lines showed the 
population of M/S/G2 cells was lowered (34, 35, 36). 
According to these findings, removing the NOX4 gene 
inhibits cell proliferation. This study also confirms the 
studies, which showed that creating NOX4 knockouts, 
the prophase of mitosis is expanded, which delays 
entry to the G2 stage of the cell cycle and finally 
results in cell death (37, 38). As these findings grow, 

we suggest further study of the mechanisms causing 
cell proliferation in cancers by  NOX4  and feedback 
from other NOX isoforms that affect NOX4 activation. 
Additionally, to our knowledge, this is the first study 
on the effect of  NOX4  on the progression of cancer 
cells. Furthermore, using  NOX4  as a target can have 
therapeutic value for creating potential treatments 
against breast, colorectal, and kidney cancers which 
shows a need for a deeper understanding of the biology 
of these cancers with direct clinical outcomes for 
developing novel treatment strategies.

Acknowledgement
The researchers would like to express their gratitude 
to Dr. Tohid Piri-Gharaghie and the workers at the 
Biotechnology Research Facility of the Islamic Azad 
University’s Shahrekord Branch in Iran.

References
1.	 Wang H, Naghavi M, Allen C, Barber RM, Bhutta ZA, Carter 

A, et al. Global, regional, and national life expectancy, all-
cause mortality, and cause-specific mortality for 249 causes of 
death, 1980–2015: a systematic analysis for the Global Burden 
of Disease Study 2015. The lancet. 2016;388(10053):1459-
1544. doi: 10.1016/S0140-6736(16)31012-1

2.	 Jemal A, Clegg LX, Ward E, Ries LA, Wu X, Jamison PM, et 
al. Annual report to the nation on the status of cancer, 1975–
2001, with a special feature regarding survival. CA Cancer J 
Clin. 2004;101(1):3-27. doi: 10.1002/cncr.20288

3.	 Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin 
DM. Estimates of worldwide burden of cancer in 2008: 
GLOBOCAN 2008. Int J Cancer Res. 2010;127(12):2893-
2917. doi: 10.1002/ijc.25516

4.	 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram 
I, Jemal A, et al. Global cancer statistics 2020: GLOBOCAN 
estimates of incidence and mortality worldwide for 36 cancers 
in 185 countries. CA Cancer J Clin. 2021;71(3):209-249. doi: 
10.3322/caac.21660 

5.	 Peters NV, Kunstman JW. Clinical implications of the molecular 
characterization of intraductal papillary mucinous neoplasms 
of the pancreas. J Cancer Metastasis Treat. 2021;7:32. doi: 
10.20517/2394-4722.2021.67

6.	 Yang S, Bian J, George TJ, Daily K, Zhang D, Braithwaite D, 
et al. The association between cognitive impairment and breast 
and colorectal cancer screening utilization. BMC Cancer. 
2021;21(1):1-9. doi: 10.1186/s12885-021-08321-6 

7.	 Krylatov AV, Maslov LN, Voronkov NS, Boshchenko AA, 
Popov SV, Gomez L, et al. Reactive oxygen species as 
intracellular signaling molecules in the cardiovascular system. 
Curr. Cardiol. Rev. 2018;14(4):290-300. doi:  10.2174/1573 
403X14666180702152436

8.	 Maraldi T, Angeloni C, Prata C, Hrelia S. NADPH Oxidases: 
Redox Regulators of Stem Cell Fate and Function. Antioxidants. 
2021;10(6):973. doi: 10.3390/antiox10060973

9.	 Cho SY, Kim S, Son MJ, Kim G, Singh P, Kim HN, et al. Dual 
oxidase 1 and NADPH oxidase 2 exert favorable effects in 

Acknowledgement
The researchers would like to express their gratitude 
to Dr. Tohid Piri-Gharaghie and the workers at the 
Biotechnology Research Facility of the Islamic Azad 
University’s Shahrekord Branch in Iran.apoptosis and promotes cancer cell proliferation (24).

cells (30).

developing novel treatment strategies.

Javadi M et al.



59Iran. J. Biotechnol. October 2022;20(4): e3115

cervical cancer patients by activating immune response. BMC 
Cancer. 2019;19(1):1-2. doi: 10.1186/s12885-019-6202-3

10.	 Moghadam ZM, Henneke P, Kolter J. From flies to men: ROS 
and the NADPH oxidase in phagocytes. Front. Cell Dev. Biol. 
2021;9:618. doi: 10.3389/fcell.2021.628991

11.	 Duan J, Gao S, Tu S, Lenahan C, Shao A, Sheng J. 
Pathophysiology and therapeutic potential of NADPH oxidases 
in ischemic stroke-induced oxidative stress. Oxid Med Cell 
Longev. 2021;20:21. doi: 10.1155/2021/6631805

12.	 Meitzler JL, Makhlouf HR, Antony S, Wu Y, Butcher D, 
Jiang G, et al. Decoding NADPH oxidase 4 expressions in 
human tumors. Redox Biol. 2017;13:182-195. doi: 10.1016/j.
redox.2017.05.016

13.	 Wen QL, Yi HQ, Yang K, Yin CT, Yin WJ, Xiang FY, et al. 
Role of oncogene PIM-1 in the development and progression 
of papillary thyroid carcinoma: Involvement of oxidative 
stress. Mol Cell Biol. 2021;523:111144. doi: 10.1016/j.
mce.2020.111144

14.	 Kim H, Sung JY, Park EK, Kho S, Koo KH, Park SY, et 
al. Regulation of anoikis resistance by NADPH oxidase 
4 and epidermal growth factor receptor. Br J Cancer. 
2017;116(3):370-381. doi: 10.1038/bjc.2016.440

15.	 Tang CT, Lin XL, Wu S, Liang Q, Yang L, Gao YJ, et al. 
NOX4-driven ROS formation regulates proliferation and 
apoptosis of gastric cancer cells through the GLI1 pathway. 
Cell Signal. 2018;46:52-63. doi: 10.1016/j.cellsig.2018.02.007

16.	 Akram F, Ul Haq I, Ahmed Z, Khan H, Ali MS. CRISPR-Cas9, 
a promising therapeutic tool for cancer therapy: A review. 
Protein Pept Lett. 2020;27(10):931-944. doi: 10.2174/09298
66527666200407112432 

17.	 Li X, Gao M, Choi JM, Kim BJ, Zhou MT, Chen Z, et 
al. Clustered, regularly interspaced short palindromic 
repeats (CRISPR)/Cas9-coupled affinity purification/mass 
spectrometry analysis revealed a novel role of neurofibromin 
in mTOR signaling. Mol Cell Proteom. 2017;16(4):594-607. 
doi: 10.1074/mcp.M116.064543

18.	 Ahmed M, Daoud GH, Mohamed A, Harati R. New Insights 
into the Therapeutic Applications of CRISPR/Cas9 Genome 
Editing in Breast Cancer. Genes. 2021;12(5):723. doi: 10.3390/
genes12050723

19.	 Jafari N, Kim H, Park R, Li L, Jang M, Morris AJ, et al. CRISPR-
Cas9 mediated NOX4 knockout inhibits cell proliferation and 
invasion in HeLa cells. PloS one. 2017;12(1):e0170327. doi: 
10.1371/journal.pone.0170327

20.	 Barakat RH, Habashy DA, Bahaa A, Adwan H. Impact of 
CCL4 knockout using CRISPR Cas-9 technology on colorectal 
tumour progression. Ann Oncol. 2019;30: v242. doi: 10.1093/
annonc/mdz246.120

21.	 Zhang J, Kang SK, Wang L, Touijer A, Hricak H. Distribution 
of renal tumor growth rates determined by using serial 
volumetric CT measurements. Radiology. 2009;250(1):137-
144. doi: 10.1148/radiol.2501071712

22.	 Meitzler JL, Makhlouf HR, Antony S, Wu Y, Butcher D, Jiang 
G, et al. Decoding NADPH oxidase 4 expressions in human 
tumors. Redox Biol. 2017;13:182-195.doi: doi.org/10.1016/j.
redox.2017.05.016

23.	 Lin XL, Yang L, Fu SW, Lin WF, Gao YJ, Chen HY, et 
al. Overexpression of NOX4 predicts poor prognosis and 
promotes tumor progression in human colorectal cancer. 
Oncotarget. 2017;8(20):33586. doi:  10.18632/oncotarget. 
16829

24.	 Tang CT, Lin XL, Wu S, Liang Q, Yang L, Gao YJ, et 
al. NOX4-driven ROS formation regulates proliferation 
and apoptosis of gastric cancer cells through the GLI1 
pathway. Cell Signal. 2018;46:52-63.doi: 10.1016/j.cellsig. 
2018.02.007

25.	 Breitenbach M, Rinnerthaler M, Weber M, Breitenbach-Koller 
H, Karl T, Cullen P, et al. The defense and signaling role of 
NADPH oxidases in eukaryotic cells. Wien Med Wochenschr 
Suppl. 2018;168(11):286-299. doi: 10.1007/s10354-018-0640-4

26.	 Jafari N, Kim H, Park R, Li L, Jang M, Morris AJ, et al. CRISPR-
Cas9 mediated NOX4 knockout inhibits cell proliferation and 
invasion in HeLa cells. PloS one. 2017;12(1):e0170327. doi: 
10.1371/journal.pone.0170327

27.	 Sturrock A, Huecksteadt TP, Norman K, Sanders K, Murphy 
TM, Chitano P, et al. Nox4 mediates TGF-β1-induced 
retinoblastoma protein phosphorylation, proliferation, and 
hypertrophy in human airway smooth muscle cells. Am J 
Physiol Lung Cell Mol Physiol. 2007;292(6):L1543-1555. doi: 
10.1152/ajplung.00430.2006 

28.	 Owada S, Endo H, Okada C, Yoshida K, Shida Y, Tatemichi 
M. Setanaxib as a Potent Hypoxia-specific Therapeutic Agent 
Against Liver Cancer. Anticancer Res. 2020;40(9):5071-5079. 
doi: 10.21873/anticanres.14510

29.	 Helfinger V, Von Gall FF, Henke N, Kunze MM, Schmid 
T, Rezende F, et al. Genetic deletion of Nox4 enhances 
cancerogen-induced formation of solid tumors. PNAS USA. 
2021;118(11): e2020152118. doi: 10.1073/pnas.2020152118

30.	 Nlandu-Khodo S, Dissard R, Hasler U, Schäfer M, Pircher H, 
Jansen-Durr P, et al. NADPH oxidase 4 deficiency increases 
tubular cell death during acute ischemic reperfusion injury. Sci 
Rep. 2016;6(1):1-4. doi: 10.1038/srep38598

31.	 Slotta C, Schlüter T, Ruiz-Perera LM, Kadhim HM, Tertel 
T, Henkel E, et al. CRISPR/Cas9-mediated knockout of 
c-REL in HeLa cells results in profound defects of the cell 
cycle. PloS One. 2017;12(8):e0182373. doi: 10.1371/journal.
pone.0182373

32.	 Zarinnezhad A, Shahhoseini MH, Piri Gharaghie T. Evaluating 
the Relative Frequency of Fungal Infections in the Serum 
of Patients with Multiple Sclerosis and Healthy Subjects 
Using PCR. BJM. 2021;10(37):37-50. doi:10.22108/
bjm.2020.122265.1288

33.	 Piri Gharaghie T, Hajimohammadi S. Comparison of anti-
candida effects of aqueous, ethanolic extracts and essential oil 
of E. angustifolia with fluconazole on the growth of clinical 
strains of Candida. NCMBJ. 2021;11(43):25-38. doi: 10.1001.
1.22285458.1400.11.43.1.3 

34.	 Beiranvand S, Doosti A, Mirzaei SA. Putative novel B-cell 
vaccine candidates identified by reverse vaccinology and 
genomics approaches to control Acinetobacter baumannii 
serotypes. Infect. Genet. Evol.2021;96:105138. doi: 10.1016/j.
meegid.2021.105138

35.	 Piri Gharaghie T, Abbas Doosti, Seyed Abbas Mirzaei. 
Prevalence and antibiotic resistance pattern of Acinetobacter 
spp. infections in Shahrekord medical centers. JDB. 
2021;13(4):35-46. doi: http://jdb.iau-tnb.ac.ir/article_686587.
html

36.	 Piri-Gharaghie T, Jegargoshe-Shirin N, Saremi-Nouri S, 
Khademhosseini SH, Hoseinnezhad-Lazarjani E, Mousavi A, 
et al. Effects of Imipenem-containing Niosome nanoparticles 
against high prevalence methicillin-resistant Staphylococcus 
Epidermidis biofilm formed. Sci Rep. 2022;12(1):1-3. 

Javadi M et al.



60 Iran. J. Biotechnol. October 2022;20(4): e3115

doi:10.1038/s41598-022-09195-9
37.	 Beiranvand S, Piri-Gharaghie T, Dehganzad B, Khedmati 

F, Jalali F, AsadAlizadeh M, et al. Novel NAD-independent 
Avibacterium paragallinarum: Isolation, characterization and 
molecular identification in Iran. Vet Med Sci. 2022;1:1-9.
doi:10.1002/vms3.754

38.	 Gharaghie TP, Beiranvand S, Riahi A, Badmasti F, Shirin 
NJ, Mirzaie A, et al. Fabrication and characterization of 
thymol-loaded chitosan nanogels: improved antibacterial 
and anti-biofilm activities with negligible cytotoxicity. Chem 
Biodivers.2022;1:1-10. doi:10.1002/cbdv.202100426

Javadi M et al.


