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Abstract

Background: Abnormal DNA methylation patterns have been reported in various diseases, including different cancers.
CRISPR/Cas9 is a low-cost and highly effective gene editing tool that has lately revolutionized biotechnology. Studies have shown
that the CRISPR/Cas9 system can effectively target and correct methylation.
Objectives: Telomerase plays a survival role for cancer cells. It is encoded by the hTERT gene. The effectiveness of CRISPR/Cas9 in
targeting hTERT to treat glioma cancer cells was assessed in this study.
Methods: EF1a-hsaCas9-U6-gRNA vector carrying sgRNA and Cas9 hybrids were used to transfect U87 glioma cells. Four and eight
µg/mL polybrene concentrations were investigated to improve transfection efficiency. The expression level of hTERT that has
undergone metabisulfite modification was assessed using real-time PCR. Flow cytometry and Western blotting were also used to
determine whether telomerase was present in the cells. High-resolution melting analysis (HRM) was used to examine the hTERT
promoter’s methylation. Finally, flow cytometry was used to measure the apoptotic rate of transfected U87 cells.
Results: The findings demonstrated that gRNA significantly boosted transfection effectiveness. Significant variations were seen in
the expression of hTERT in U87 cells at 4 µg/mL polybrene and 80 µg/mL transfection compared to transfection without gRNA and
basal cells. Flow cytometry showed a decrease in hTERT levels in transfected cells. Furthermore, transfection with gRNA increased
U87 cell apoptosis compared to transfection without gRNA.
Conclusions: It appears that the designed CRISPR/Cas9 system can reducehTERT expression and telomerase activity and thus inhibit
glioma cell growth.
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1. Background

The most prevalent and severe brain cancer in adults
is glioma (1). The kind, location, and severity of the tumor
and the patient’s general health determine the treatment
options for acute glioma (2). Poor treatment and frequent
recurrence of glioma result from the blood-brain barrier,
which limits the entry of chemical medications into the
brain, and the tumor’s recurrence is due to the self-renewal
of glioma stem cells. The average survival time for glioma
patients has decreased due to this phenomenon (3).

Cancer develops when cells accumulate genetic
mutations over time. Additionally, some genetic
modifications, such as driver mutations, can create

cancer cells (4). The majority of the time, treatment
plans are based on histology subgroups. However, in
addition to the traditional histological categories, each
form of cancer can now be further broken down into many
molecular subgroups that are crucial in the treatment
choice (5). Medical professionals can forecast treatment
outcomes and patient survival and treat each genomic
subtype differently. As a result, treatment plans are
changed in accordance with new molecular markers.
Therefore, identifying new treatment options is critical
for improving patient survival and clinical outcomes (6).

Telomerase is rapidly activated in germ cells,
hematopoietic cells, stem cells, as well as highly
reproducible cells. In contrast, telomerase activity
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in somatic cells is very low, mostly due to the strong
regulation of hTERT (7). A deeper knowledge of the
underlying mechanisms of hTERT regulation has recently
gained momentum, mostly due to advancements in the
detection of hTERT promoter mutations. Over the past 20
years, researchers have studied the processes that control
hTERT. Nevertheless, additional alterations have been
found and shown to increase hTERT expression through
a number of genetic and epigenetic mechanisms, such
as hTERT amplification, hTERT structural mutations, hTERT
promoter mutations, and epithelial alterations genetically
regulated by hTERT promoter methylation (8).

Although some researchers have demonstrated
hypomethylation in the CpG islets surrounding the
hTERT promoter, others have reported increased DNA
methylation in cancer cells that express hTERT (9). As
a matter of fact, hTERT was among the first genes in
which promoter methylation and gene expression had
a favorable association. This association between the
hTERT promoter’s methylation and telomerase activity and
hTERT mRNA shows that the hTERT promoter may regulate
this gene, but not in the same manner that promoter
methylation regulates other genes (10).

Biotechnology and genetic engineering have
undergone a significant transformation in recent
years thanks to practical and affordable gene editing
technologies like CRISPR/Cas9. Genomic alterations
can be targeted and employed to cure hereditary
illnesses using the CRISPR/Cas9 system (11). Methylation
modification is one method of gene editing available
with the CRISPR/Cas9 system. The DNMT enzyme family
is responsible for DNA methylation (12). Human DNA
methyltransferase’s catalytic domain performs an
enzymatic role in transfected cells, making DNMT3A
the most active isoform (13).

2. Objectives

In this study, the main promoter of the hTERT gene and
its expression in the U87 cell line for malignant gliomas
were targeted using CRISPR/Cas9 system.

3. Methods

3.1. Plasmid Vector Preparation

CRISPR software was used to design the sgRNA
sequence, and the result was CCAGGACCGCGCCTTCCCACG.
Using a system biosciences (SBI) kit, the plasmid vector
was created. EF1a-hsaCas9-U6-gRNA (#CASAAV100PA-1)
vector (Figure 1), a hybrid sgRNA and Cas9 carrier, was
also employed. The sgRNA fragment was found between

the promoter of the U6 gene and the poly-A region of the
hsaCas9 gene.

Figure 1. The schematic of the designed plasmid

3.2. Cell Preparation and Culture

The Iranian National Centre for Genetic and Biologic
Resources provided the glioma cell line U87. U-87 is a cell
line with epithelial morphology isolated from malignant
gliomas from a male patient with a possible diagnosis of
glioblastoma. These cells were cultured in the AmnioMAX
culture medium (Gibco-America), which was incubated at
37.4°C and 5% CO2.

3.3. Transfection Process

The Lipofectamine CRISPRMAX kit was used to
transfect U87 cells. The cells were cultured for this purpose
in an RPMI culture medium with 15% FBS. The transfection
effectiveness was increased by adding two concentrations
of 4 and 8 µg/mL hexadimethrine bromide (polybrene)
to each well after the cells had reached a confluency and
density of 30 - 70%. After 48 hours, the wells’ media were
removed, and RPMI culture medium with 15% FBS and
concentrations of 4 and 8 µg/mL polybrene was added.
This mixture was then incubated for 30 minutes. The
following step involved combining 103 cells, 50 ng of gRNA
(80 and 160µg/mL), 250 ng of Cas9 nuclease, 0.5µL of Cas9
Plus solution, and 5 µL of Opti-MEM I medium. After that,
0.3 µL of CRISPRMAX was dissolved in 5 µL of Opti-MEM
I and immediately added to the earlier formulations. A
volume of 10 µL of this mixture was applied to each well
containing U87 cells after they had been incubated for
five to ten minutes. To prepare cell lysates, the cells were
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cultured for two to three days at 37°C before the culture
medium was removed. The cells were then washed with 50
to 500 µL of PBS and lysed with 50 to 250 µL of lysis buffer.

3.4. Detection of Cas9 in Transfected Cells

In the transfected cells, Cas9 was found using flow
cytometry. After 24-hour transfection, on average, 103

cells were put into each well for this purpose. After 72
hours of incubation, the cells were removed from the plate
and centrifuged after being fixed with PBS and one unit
of the trypsin enzyme. The cell pellet was washed in a
10% binding buffer solution, and centrifugation was then
carried out for 15 minutes at 15000 rpm. In the end, a flow
cytometer was used to conduct the reading.

3.5. Evaluation of DNAMethylation and hTERT Gene Expression

For hTERT gene methylation, the EZ-96 DNA
Methylation-Gold™ kit (Zymo Research, Irvine, CA)
was used according to the manufacturer’s instructions.
A concentration of 0.05 µL of metabisulphite-modified
DNA was considered as a template for real-time PCR.
According to the kit instructions, the amplification
reaction was carried out in a volume of 20µL and included
10 µL of the master solution (Master Mix), 0.4 µL of each
of the forward (5’-CACGCGAAAACCTTCCTCAG-3’), and
reverse (5’-GGCCTCGTCTTCTACAGGGA-3’) primers, 5 µL
of metabisulphite-modified DNA, and 4.2 µL of distilled
water. The eva-green real-time RT-PCR kit, Biotium (South
Korea), was used for this reaction. 10 µL of SYBR Green, 2
µL of cDNA sample, 0.5 µL of forward and reverse primers
(10 pmol) were mixed with 7 µL of nuclease-free water
(Qiagen, Hilden, Germany). The GAPDH housekeeping
gene was used as a reference, and hTERT gene expression
was normalized using it. Evaluation of hTERT methylation
and expression was carried out in cells transfected without
gRNA, transfected with gRNA, as well as basal cells as a
positive control.

3.6. Investigation of Telomerase Activity in Cells byWestern Blot
Technique

To perform western blot, the microtube containing
cells was centrifuged at 1300 rpm for 10 minutes, and
after discarding the supernatant, 100 µL of RIPA buffer (10
mM Tris-Cl pH 8.0, 1 mM EDTA, 0.5 mM EGTA, 1% Triton
X-100, 0.1% sodium deoxycholate, 0.1% SDS, and 140 mM
NaCl) was added to the cell pellet. Following storing for 1
hour at -20°C, the falcon was placed at room temperature
for 5 minutes and then centrifuged at 1300 rpm for 10
minutes at 4°C. Then the protein-containing supernatant
was transferred to a new microtube. The SDS-PAGE gel
in a single electrophoresis run was divided into stacking

gel and separating gel. The stacking gel (acrylamide 5%)
was poured on top of the separating gel, and a gel comb
was inserted into the stacking gel. The protein isolated
by SDS-PAGE was transferred to the PVDF membrane,
which was blocked with a blocking solution (5% skim
milk in 0.05% PBS-Tween 20) at -4°C for 12 hours. Then
washing with PBS-Tween 20 was performed three times for
5 minutes, and it was incubated for 90 minutes at 25°C with
10µg/mL monoclonal anti-hTERT antibody (Padza Co, Iran).
The membrane was washed three times with PBS-Tween
20 for 5 minutes and exposed to 0.4 µg/mL secondary
HRP antibody (Padza Co, Iran) for one hour at 25°C. After
washing the membrane, the bands were detected using a
gel documentation system.

3.7. Evaluation of Telomerase Activity in Cells Through Flow
Cytometry

Telomerase protein levels were assessed using flow
cytometry. The telomerase levels were assessed in cells
transfected with gRNA, cells transfected without gRNA,
and basal cells acting as a positive control using the
same technique. For this purpose, an average of 103

cells were placed in each well in a 24-well plate. After
incubating for 24 hours, the cell sediment was obtained
using the cell passage method. A volume of 250 µL
of a solution containing propidium iodide, according to
the instructions of the Biolegend kit and Triton X100,
was added to the resulting cell sediments. Cells were
incubated in darkness for about an hour. The cells were
then read immediately using a flow cytometry device, and
telomerase level was obtained by comparison with the
control group.

3.8. Evaluation of hTERT Gene Promoter Methylation

Gene methylation was evaluated using
an high-resolution melting (HRM) assay. A
40-cycle-replication reaction was performed. For this
purpose, enzyme activation (hot start) was performed
at 95°C. The cycle began with an initial denaturation
and holding period at 95°C for 10 seconds, followed
by 20 seconds of annealing at 57°C. It concluded with
a 25-second extension at 72 degrees. The temperature
was also conducive to light absorption. Following
these procedures, a melting step was carried out
at a temperature range of 55 to 95°C to separate
the DNA bands impacted by metabisulfite using
HRM. The forward and reverse primers were in the
following order: 5’-GCAATGCGTCCTCGGGTTC-3’ and
5’-CGGAGAGAGGTCGAATCGG-3’, respectively. The
methylation percentage was then calculated from the
ratio of heights of a cytosine peak (methylated signal)
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and the sum of cytosine and thymine peaks (methylated
and unmethylated signal) for each cytosine in a CpG
dinucleotide.

3.9. Evaluation of Apoptosis

Flow cytometry was used to evaluate the apoptosis rate
of U87 cells. In each well of a 24-well plate, 103 cells were
cultured for this purpose, and after 72 hours, the level of
apoptosis was determined. The cells were taken off the
plate and centrifuged after being cleaned with PBS and
one unit of the trypsin enzyme. The cell pellet was then
centrifuged at 15000 rpm for 15 minutes after being rinsed
with a 10% binding buffer solution. A volume of 5 µL of
the Annexin V-FITC solution was incubated for 15 minutes
at room temperature. Then they were prepared using 5 µL
of propidium iodide and counted by flow cytometer. The
results were analyzed using FlowJo software.

3.10. Statistical Analysis of Data

All experiments were carried out three times, and
the results were computed as the mean ± standard
deviation. The SPSS V.22 software was used for data analysis.
The one-way ANOVA approach was used to compare the
treatment and control groups, taking into account the
normal distribution of the data, and the P-value was
obtained. The threshold for significance was set at P < 0.05.
A post hoc test was regarded as Tukey’s test.

4. Results

4.1. Confirmation of the Presence of Cas9 Using Flow Cytometry

The presence of Cas9 was evaluated, and the
transfection efficiency was compared with and without
gRNA in U87 cells using flow cytometry. The results showed
that Cas9 was present in both types of transfected cells,
but in the presence of Cas9, gRNA transfection was more
efficient (Figure 2).

4.2. Evaluation of hTERT Gene Expression in U87 Cells

The hTERT gene expression in U87 cells showed that
only at a transfection concentration of 80 µg/mL of
gRNA, expression of this gene was significantly reduced
compared to the case without gRNA. At the transfection
concentration of 160 µg/mL of gRNA, no difference
was observed between gene expression in the presence
and absence of gRNA (Figure 3). In both transfection
concentrations, hTERT expression showed a significant
decrease compared to basal cells (P < 0.05). In transfected
cells with 8 µg/mL polybrene, there was no significant
difference in hTERT gene expression in the studied groups,
including gRNA-transfected cells, non-transfected cells,
and basal cells (Figure 3).

4.3. Evaluation of hTERT Protein Level

Using the Western blotting method,hTERT protein level
was measured in U87 cells transfected with and without
gRNA as well as basal cells relative to GAPDH protein. As
shown in Figure 4A, no significant difference was observed
in the amount of hTERT protein in U87 cells in the studied
cells. However, examination of hTERT protein levels in U87
cells using flow cytometry revealed that this protein was
higher in the basal cells (Figure 4B) and transfected cells
without gRNA (Figure 4C) than in the transfected cells with
gRNA (Figure 4D).

4.4. Evaluation of hTERT Gene Methylation

hTERT gene methylation was assessed using the HRM
method (Figure 5A-D). In U87 cells at a concentration
of 4 µg/mL polybrene, it was shown that only at the
transfection concentration of 160 µg/mL methylation
of the hTERT promoter in the presence of gRNA was
significantly increased compared to its absence (Figure
5E). Compared with basal cells, both 80 and 160 µg/mL
transfection concentrations significantly increased hTERT
promoter methylation (P < 0.05). At a concentration
of 8 µg/mL polybrene, both 80 and 160 transfection
concentrations significantly increased the methylation of
the hTERT promoter in the presence of gRNA relative to its
absence in U87 cells (Figure 5F). Also, a significant increase
in hTERT promoter methylation was observed in both 80
and 160 µg/mL transfection concentrations compared to
basal cells (P < 0.05).

4.5. Evaluation of Apoptosis Rate in U87 Cells

Flow cytometry was used to assess the apoptosis rate
in transfected U87 cells, and the results showed both early
and late apoptosis rates were higher in transfected cells
with gRNA compared to transfected cells without gRNA
(Figure 6). In fact, in the absence of gRNA, the amount of
early and late apoptotic cells was estimated to be 0.06%
and 7.01%, respectively, while in the presence of gRNA, these
values reached 0.27 and 11.37%, respectively (P < 0.05).

5. Discussion

The results of the present study indicated that in U87
cells, only at a concentration of 4 µg/mL polybrene and
80 µg/mL transfection, there was a significant difference
in the expression of hTERT compared to transfection
without gRNA and basal cells. Evaluation of hTERT
promoter methylation also showed that in U87 cells at
concentrations of 4 and 8 µg/mL polybrene and 80 and
160 µg/mL transfection, there was a significant increase in
hTERT promoter methylation compared to basal cells. The
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Figure 2. The presence of Cas9 in U87 cells transfected without gRNA (A); and with gRNA (B) using flow cytometry, which shows an increase in transfection efficiency in the
presence of gRNA.
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Figure 3. Comparison of hTERT gene expression in transfected U87 cells in the presence of 4 and 8µg/mL of polybrene. a, no significant difference with controls; b, significant
difference with 80 µg/mL transfection control; c, significant difference with 160 µg/mL transfection control

level of hTERT protein in U87 cells showed an increase only
in flow cytometry results. Nevertheless, Western blotting
did not reveal any appreciable variations in the levels
of hTERT protein in the cells. Finally, it was shown that

transfection with gRNA in U87 cells increases the induction
of apoptosis compared to transfection without gRNA. The
present study’s findings generally demonstrated that the
designed CRISPR/Cas9 system could kill U87 glioma cancer
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Figure 4. hTERT protein level in U87 cells transfected with gRNA (target) and without gRNA (control) as well as basal cells compared to GAPDH protein level by Western blotting
(A); and flow cytometry in basal cells (B); transfected U87 cells without gRNA (C); and transfected U87 cells with gRNA (D)

cells by decreasing the expression of hTERT at the RNA and
protein levels and by increasing the methylation of its
promoter.

Cancer occurs when genomic instability accumulates
in normal cells, and the cells reach limitless proliferation
capacity. Cancer cells can delay the effects of aging
by activating telomerase or using other mechanisms
to prolong the length of their telomeres. In 1994, it
was reported that telomerase controls 90% of malignant
tumors, which is essential for the development of cancer
and other diseases (14, 15). Although repetitive mutations
in the hTERT promoter play a significant role in activating
hTERT in malignancies, there are other tumor types (such

as prostate and breast cancer) where these mutations
are less common (16). Because of this, the importance
of epigenetic mechanisms in regulating hTERT differs
depending on the kind of cancer, and many studies
have shown different results in terms of the impact
of hTERT promoter methylation on hTERT regulation.
Promoter methylation and gene silencing usually occur
together. However, many investigations have shown that
methylation of certain regions within the hTERT promoter,
particularly upstream of the main promoter, is associated
with gene activation (14). The specific mechanisms by
which the pattern of hTERT promoter methylation results
in hTERT activation are still being investigated. Recently,
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Figure 5. Evaluation of hTERT gene methylation. A, difference melting curve; B, normalized melting curve; C, component melting curve; D, derivative melting curve; E, hTERT
gene promoter methylation in transfected U87 cells in the presence of 4 µg/mL polyburn; F, methylation of the hTERT promoter in transfected U87 cells in the presence of
8 µg/mL polybrene. GX: Target + sgRNA + 80 µg/mL transfection, GXc: Control + 80 µg/mL transfection, G2X: Target + sgRNA + 160 µg/mL transfection, G2Xc: Control + 160
µg/mL transfection. **: Significant difference with GX group with P < 0. 01, ****: Significant difference with GX group with P < 0.0001, #: Significant difference with G2X with
P < 0.05, ###: Significant difference with G2X with P <0.001, ####: Significant difference with G2X with P < 0.0001

it has been shown that hTERT promoter methylation may
play a role in activating the expression of hTERT (17).

There are various possibilities as to how hTERT
activation can result from hTERT promoter methylation.
Based on the prevention of suppressor elements binding
in the repressor region, the first hypothesis is a DNA
methylation-related mechanism. If the hTERT promoter
is hypomethylated (or non-methylated), transcription
inhibitors bind to the promoter and block transcription
machines. If hTERT is methylated, though, it prevents
this binding and makes it possible for the promoter to
be turned on by proper transcription factors. Interesting

observations have revealed that the upstream region of the
primary promoter of hTERT is frequently hypermethylated,
thus preventing the key stimulus of gene expression
from accessing the promoter. Another explanation is
more complicated and involves chromosome structural
alterations and DNA methylation. By altering the structure
of chromatin and the impact of DNA exposure on
transcription factor binding, DNA methylation can
influence gene expression (18). Histone modifications
and DNA methylation are frequently linked, and the latter
may regulate how transcription factors can access the
promoter. Specific conformational changes caused by
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Figure 6. Flow cytometry to investigate cell death in transfected U87 cells without gRNA (A); and with gRNA (B)

hTERT promoter methylation may result in different levels
of uptake and binding of factors that may cause hTERT
overexpression in cancer (19). Histone acetylation and
methylation are two post-translational histone changes
that can influence chromatin density and, consequently,
gene expression (20).

Malignant blood, prostate, urothelium, brain, and
colon tumors, among other types of cancer, have all
shown a high frequency of hypermethylation in the
region upstream of the major hTERT promoter. More
surprisingly, hTERT promoter methylation is linked to
hTERT overexpression even in melanoma, where hTERT
promoter alterations were originally discovered, and
a mechanism for hTERT activation was considered (21).
Although this tumor-specific signature is found in a wide
variety of tumor types, more work needs to be done to
translate these findings to clinical settings. Pediatric
glioma possesses a methylated area in the hTERT promoter
that may serve as a potential biomarker for tumor
survival and progression (14). Malignant tumors have
hypermethylation in this region, known as THOR, while
healthy tissues and stem cells have hypomethylation.
Prostate cancer research has focused on THOR and has
demonstrated its potential as a marker with diagnostic
and prognostic properties (17).

Gigek et al. (22) examined the methylation and
expression of hTERT in gastric cancer and demonstrated

that hTERT was not expressed in healthy individuals, while
in 80% of tumor tissues, this gene was expressed. In
contrast, the hypermethylation of the hTERT promoter
in tumor samples was significantly higher than in
healthy samples. However, they reported that there
was no significant relationship between promoter
hypermethylation and hTERT expression (22). Bougel et
al. (23) reported that in the cerebrospinal fluid of people
with metastatic leptomeningeal cancer, approximately 1%
of hTERT was methylated, and the rest was non-methylated
and that the methylation of the hTERT promoter can be
used as a diagnostic marker. Modification of methylation
and expression of hTERT has been reported in different
types of cancers (24-26), and most stated that with
increasing methylation, the expression of hTERT increases.
However, in the present study, it was shown that increased
methylation was associated with the downregulation of
hTERT. In this respect, one can say that the type of cancer
studied can affect the observed mechanisms.

This work exploited the activation of hTERT promoter
methylation as an epigenetic alteration to develop a
treatment for glioma malignancy. Most epigenetic
modifications, in contrast to gene mutations, may be
reversed or prevented. In the treatment or prevention
of cancer, it has become increasingly popular to restore
abnormal epigenetic events in neoplastic cells (27).
Before the development of CRISPR technology, scientists
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used a variety of instruments that could separate
DNA double strands to modify the genome in various
ways. As an example, four different subcategories of
DNA-binding nucleases, such as Cas9 nuclease, the
most modern meganucleases, zinc finger nucleases
(ZFNs), and transcription activator-like effector nucleases
(TALEN), were considered. Every known nuclease has
its restrictions. Zinc finger nucleases contain distinct
DNA-binding domains as well as the Fok1 endonuclease, a
generic cleavage domain. The main difficulty also lies in
the design and building of ZNFs (28). Low binding to and
separation from the target sequence is another drawback
of this method, which reduces its effectiveness (29). We
used the potent CRISPR technology in this study because
it was a much cheaper and simpler way to make various
changes to the genome.

In a prior investigation, the authors used the
A-375 cell line connected to malignant melanoma of
pseudoepithelial origin to analyze the methylation
alterations of the major promoter of the hTERT gene and
the amount of its expression. They used dCas9, a modified
version of Cas9, and DNMT3A, a similar protein. The
outcomes demonstrated that the developed CRISPR/Cas9
system decreases hTERT expression and telomerase, and
thus it can prevent melanoma cells’ growth (30).

The PTEN gene was chosen by Moses et al. (31) as
the target of the CRISPR/Cas9 system in the SK-MEL-28
melanoma cell line, and it was demonstrated that this
repair system is capable of upregulating PTEN and
reducing cancer cell migration. The main reason for their
observations, as they stated, was decreased signaling
of oncogenic pathways such as AKT, mTOR, and MAPK.
In a related study, Moses et al. (31) reported that the
CRISPR/Cas9 gene modification in the melanoma cell
line resulted in an upregulation of PTEN. Their research
used the PI3K/mTOR pathway’s inhibition as the repair
system’s mechanism of action. In relation to glioma,
studies have been used to use the CRISPR/Cas9 gene
editing system to inhibit cancer cells, but according to
the author’s search in the databases, none of them was
on the hTERT gene. Huang et al. (32) used the CRISPR/Cas9
system to target exon 17 of the EGFR gene in glioma cells,
thereby activating the inhibitory modification of UBXN1
and inhibiting tumor necrosis factor in these cells. Using
the CRISPR/Cas9 system, Morimoto et al. (33) inhibited
the TIM3 gene in natural killer cells, thereby inhibiting
the growth of glioma cells. Moure et al. (34) used the
CRISPR/Cas9 editing system to knock out the IDH1 and
induce CpG demethylation in glioma models. Therefore,
it seems that the CRISPR/Cas9 gene editing system can be
well used to inhibit the growth of cancer cells, especially
by targeting the methylation status of genes, and in

various studies, as mentioned, this system has been
used to modify the methylation and expression of genes
involved in glioma. Target genes and methylation and
demyelination status can differ depending on the type of
cancer’s target mechanisms. What was observed in the
present study was that the CRISPR/Cas9 system in glioma
can downregulate this gene by increasing the promoter
methylation of the hTERT gene, thereby killing cancer cells.

5.1. Conclusions

Since the development of genomic editing tools,
CRISPR/Cas9 technology has revolutionized biology
by facilitating the modification of the genomes,
transcriptomes, and epigenomes of different organisms.
Cancer research could be revolutionized by CRISPR/Cas9,
but this has not yet been completely realized. This
technique was employed in this study for methylation,
and the outcomes showed how well this technology led
to apoptosis in U87 cells. In fact, the treatment of glioma
produced positive results thanks to the employment of
CRISPR/Cas9 as a therapeutic option and the hTERT gene
as a therapy target. In the future, CRISPR technology may
target various genes in many cancer cells. CRISPR can spot
deadly cancer interactions and help find novel therapeutic
targets by combining genomic and epigenetic data from
cancer cell lines.

Footnotes

Authors’ Contribution: F. T. R. performed the molecular
lab work, took part in data analysis, performed sequence
alignments, took part in the study’s design, and drafted
the manuscript. B. N. G. reviewed the procedure, took part
in the study’s design, and assisted with the manuscript’s
drafting. S. G. oversaw the study, assisted with its design,
and provided critical revisions. Z. S. F. assisted with
the data analysis and the manuscript’s critical revision.
R. S. made significant editions to the manuscript. The
manuscript’s published version was read by all authors,
and they approved it.

Conflict of Interests: The authors declare no conflict of
interest.

Data Reproducibility: The dataset presented in the study
is available on request from the corresponding author
during submission or after publication.

Funding/Support: This research received no external
funding.

Iran J Pharm Res. 2023; 22(1):e137226. 9



Taghavi Rad F et al.

References

1. Molinaro AM, Taylor JW, Wiencke JK, Wrensch MR. Genetic and
molecular epidemiology of adult diffuse glioma. Nat Rev Neurol.
2019;15(7):405–17. [PubMed ID: 31227792]. [PubMed Central ID:
PMC7286557]. https://doi.org/10.1038/s41582-019-0220-2.

2. Gusyatiner O, Hegi ME. Glioma epigenetics: From subclassification
to novel treatment options. Semin Cancer Biol. 2018;51:50–8.
[PubMed ID: 29170066]. https://doi.org/10.1016/j.semcancer.2017.
11.010.

3. Fatahi A, Soleimani N. [Evaluation of cytotoxicity activity of cell
extracts of kefir microorganisms on glioblastoma cancer cells]. Stud
Med Sci. 2018;29(1):12–9. Persian.

4. Takeshima H, Ushijima T. Accumulation of genetic and epigenetic
alterations in normal cells and cancer risk. NPJ Precis Oncol. 2019;3:7.
[PubMed ID: 30854468]. [PubMed Central ID: PMC6403339]. https://
doi.org/10.1038/s41698-019-0079-0.

5. Collisson EA, Bailey P, Chang DK, Biankin AV. Molecular subtypes of
pancreatic cancer. Nat Rev Gastroenterol Hepatol. 2019;16(4):207–20.
[PubMed ID: 30718832]. https://doi.org/10.1038/s41575-019-0109-y.

6. Zolondek R, Craig DJ, Crawford EL, Willey JC. Abstract 1488:
Inter-individual variation in hTERT regulation pathway genes in
normal bronchial epithelial cells. Cancer Res. 2018;78(13 Suppl):1488.
https://doi.org/10.1158/1538-7445.am2018-1488.

7. Gao F, Wang W, Tan M, Zhu L, Zhang Y, Fessler E, et al. DeepCC: a
novel deep learning-based framework for cancer molecular subtype
classification. Oncogenesis. 2019;8(9):44. [PubMed ID: 31420533].
[PubMed Central ID: PMC6697729]. https://doi.org/10.1038/s41389-
019-0157-8.

8. Qin YZ, Xie XC, Liu HZ, Lai H, Qiu H, Ge LY. Screening and
preliminary validation of miRNAs with the regulation of
hTERT in colorectal cancer. Oncol Rep. 2015;33(6):2728–36.
[PubMed ID: 25845814]. [PubMed Central ID: PMC4431439].
https://doi.org/10.3892/or.2015.3892.

9. Chebly A, Ropio J, Peloponese JM, Poglio S, Prochazkova-Carlotti
M, Cherrier F, et al. Exploring hTERT promoter methylation
in cutaneous T-cell lymphomas. Mol Oncol. 2022;16(9):1931–46.
[PubMed ID: 33715271]. [PubMed Central ID: PMC9067155].
https://doi.org/10.1002/1878-0261.12946.

10. Choi JH, Park SH, Park J, Park BG, Cha SJ, Kong KH, et al.
Site-specific methylation of CpG nucleotides in the hTERT
promoter region can control the expression of hTERT during
malignant progression of colorectal carcinoma. Biochem
Biophys Res Commun. 2007;361(3):615–20. [PubMed ID: 17673177].
https://doi.org/10.1016/j.bbrc.2007.07.051.

11. Tian X, Gu T, Patel S, Bode AM, Lee MH, Dong Z. CRISPR/Cas9 - An
evolving biological tool kit for cancer biology and oncology. NPJ
Precis Oncol. 2019;3:8. [PubMed ID: 30911676]. [PubMed Central ID:
PMC6423228]. https://doi.org/10.1038/s41698-019-0080-7.

12. Lopez-Serra L, Esteller M. Proteins that bind methylated DNA
and human cancer: reading the wrong words. Br J Cancer.
2008;98(12):1881–5. [PubMed ID: 18542062]. [PubMed Central ID:
PMC2441952]. https://doi.org/10.1038/sj.bjc.6604374.

13. Vojta A, Dobrinic P, Tadic V, Bockor L, Korac P, Julg B, et al. Repurposing
the CRISPR-Cas9 system for targeted DNA methylation. Nucleic Acids
Res. 2016;44(12):5615–28. [PubMed ID: 26969735]. [PubMed Central ID:
PMC4937303]. https://doi.org/10.1093/nar/gkw159.

14. Castelo-Branco P, Choufani S, Mack S, Gallagher D, Zhang C, Lipman
T, et al. Methylation of the TERT promoter and risk stratification of
childhood brain tumours: an integrative genomic and molecular
study. Lancet Oncol. 2013;14(6):534–42. [PubMed ID: 23598174]. https:
//doi.org/10.1016/S1470-2045(13)70110-4.

15. Koziel JE, Fox MJ, Steding CE, Sprouse AA, Herbert BS. Medical genetics
and epigenetics of telomerase. J Cell Mol Med. 2011;15(3):457–67.
[PubMed ID: 21323862]. [PubMed Central ID: PMC3922369]. https://doi.
org/10.1111/j.1582-4934.2011.01276.x.

16. Stoehr R, Taubert H, Zinnall U, Giedl J, Gaisa NT, Burger M, et
al. Frequency of TERT Promoter Mutations in Prostate Cancer.
Pathobiology. 2015;82(2):53–7. [PubMed ID: 25997473]. https://doi.org/
10.1159/000381903.

17. Castelo-Branco P, Leao R, Lipman T, Campbell B, Lee D, Price
A, et al. A cancer specific hypermethylation signature of the
TERT promoter predicts biochemical relapse in prostate cancer:
a retrospective cohort study. Oncotarget. 2016;7(36):57726–36.
[PubMed ID: 27437772]. [PubMed Central ID: PMC5295385].
https://doi.org/10.18632/oncotarget.10639.

18. Bert SA, Robinson MD, Strbenac D, Statham AL, Song JZ, Hulf T, et al.
Regional activation of the cancer genome by long-range epigenetic
remodeling. Cancer Cell. 2013;23(1):9–22. [PubMed ID: 23245995].
https://doi.org/10.1016/j.ccr.2012.11.006.

19. Lewis KA, Tollefsbol TO. Regulation of the Telomerase Reverse
Transcriptase Subunit through Epigenetic Mechanisms. Front Genet.
2016;7:83. [PubMed ID: 27242892]. [PubMed Central ID: PMC4860561].
https://doi.org/10.3389/fgene.2016.00083.

20. Bannister AJ, Kouzarides T. Regulation of chromatin by histone
modifications. Cell Res. 2011;21(3):381–95. [PubMed ID: 21321607].
[PubMed Central ID: PMC3193420]. https://doi.org/10.1038/cr.2011.22.

21. Seynnaeve B, Lee S, Borah S, Park Y, Pappo A, Kirkwood JM, et al. Genetic
and Epigenetic Alterations of TERT Are Associated with Inferior
Outcome in Adolescent and Young Adult Patients with Melanoma.
Sci Rep. 2017;7:45704. [PubMed ID: 28378855]. [PubMed Central ID:
PMC5381111]. https://doi.org/10.1038/srep45704.

22. Gigek CO, Leal MF, Silva PN, Lisboa LC, Lima EM, Calcagno
DQ, et al. hTERT methylation and expression in gastric
cancer. Biomarkers. 2009;14(8):630–6. [PubMed ID: 20001710].
https://doi.org/10.3109/13547500903225912.

23. Bougel S, Lhermitte B, Gallagher G, de Flaugergues JC, Janzer RC,
Benhattar J. Methylation of the hTERT promoter: a novel cancer
biomarker for leptomeningeal metastasis detection in cerebrospinal
fluids. Clin Cancer Res. 2013;19(8):2216–23. [PubMed ID: 23444211].
https://doi.org/10.1158/1078-0432.CCR-12-1246.

24. Li S, Huang W, Li Y, Chen B, Li D. A Study of hTERT Promoter
Methylation in Circulating Tumour DNAs of Patients with
Ovarian Magnificent Tumour. Onco Targets Ther. 2020;13:12317–23.
[PubMed ID: 33293825]. [PubMed Central ID: PMC7719343].
https://doi.org/10.2147/OTT.S274743.

25. Liu L, Liu C, Fotouhi O, Fan Y, Wang K, Xia C, et al. TERT
Promoter Hypermethylation in Gastrointestinal Cancer: A
Potential Stool Biomarker. Oncologist. 2017;22(10):1178–88.
[PubMed ID: 28754720]. [PubMed Central ID: PMC5634768].
https://doi.org/10.1634/theoncologist.2017-0064.

26. Miyake Y, Adachi JI, Suzuki T, Mishima K, Araki R, Mizuno R, et al.
TERT promoter methylation is significantly associated with TERT
upregulation and disease progression in pituitary adenomas. J
Neurooncol. 2019;141(1):131–8. [PubMed ID: 30392088]. https://doi.org/
10.1007/s11060-018-03016-8.

27. Song SH, Han SW, Bang YJ. Epigenetic-based therapies in cancer:
progress to date. Drugs. 2011;71(18):2391–403. [PubMed ID: 22141383].
https://doi.org/10.2165/11596690-000000000-00000.

28. Liu L, Fan XD. CRISPR-Cas system: a powerful tool for genome
engineering.PlantMol Biol. 2014;85(3):209–18. [PubMed ID: 24639266].
https://doi.org/10.1007/s11103-014-0188-7.

29. Hossain MA, Barrow JJ, Shen Y, Haq MI, Bungert J. Artificial zinc finger
DNA binding domains: versatile tools for genome engineering and
modulation of gene expression. J Cell Biochem. 2015;116(11):2435–44.
[PubMed ID: 25989233]. [PubMed Central ID: PMC4886866]. https://
doi.org/10.1002/jcb.25226.

30. Taghavi Rad F, Naghavi Gargari B, Ghorbian S, Shirvani Farsani Z,
Sharifi R. Inhibiting the growth of melanoma cells via hTERT gene
editing using CRISPR-dCas9-dnmt3a system. Gene. 2022;828:146477.
[PubMed ID: 35398175]. https://doi.org/10.1016/j.gene.2022.146477.

10 Iran J Pharm Res. 2023; 22(1):e137226.

http://www.ncbi.nlm.nih.gov/pubmed/31227792
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7286557
https://doi.org/10.1038/s41582-019-0220-2
http://www.ncbi.nlm.nih.gov/pubmed/29170066
https://doi.org/10.1016/j.semcancer.2017.11.010
https://doi.org/10.1016/j.semcancer.2017.11.010
http://www.ncbi.nlm.nih.gov/pubmed/30854468
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6403339
https://doi.org/10.1038/s41698-019-0079-0
https://doi.org/10.1038/s41698-019-0079-0
http://www.ncbi.nlm.nih.gov/pubmed/30718832
https://doi.org/10.1038/s41575-019-0109-y
https://doi.org/10.1158/1538-7445.am2018-1488
http://www.ncbi.nlm.nih.gov/pubmed/31420533
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6697729
https://doi.org/10.1038/s41389-019-0157-8
https://doi.org/10.1038/s41389-019-0157-8
http://www.ncbi.nlm.nih.gov/pubmed/25845814
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4431439
https://doi.org/10.3892/or.2015.3892
http://www.ncbi.nlm.nih.gov/pubmed/33715271
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9067155
https://doi.org/10.1002/1878-0261.12946
http://www.ncbi.nlm.nih.gov/pubmed/17673177
https://doi.org/10.1016/j.bbrc.2007.07.051
http://www.ncbi.nlm.nih.gov/pubmed/30911676
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6423228
https://doi.org/10.1038/s41698-019-0080-7
http://www.ncbi.nlm.nih.gov/pubmed/18542062
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2441952
https://doi.org/10.1038/sj.bjc.6604374
http://www.ncbi.nlm.nih.gov/pubmed/26969735
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4937303
https://doi.org/10.1093/nar/gkw159
http://www.ncbi.nlm.nih.gov/pubmed/23598174
https://doi.org/10.1016/S1470-2045(13)70110-4
https://doi.org/10.1016/S1470-2045(13)70110-4
http://www.ncbi.nlm.nih.gov/pubmed/21323862
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3922369
https://doi.org/10.1111/j.1582-4934.2011.01276.x
https://doi.org/10.1111/j.1582-4934.2011.01276.x
http://www.ncbi.nlm.nih.gov/pubmed/25997473
https://doi.org/10.1159/000381903
https://doi.org/10.1159/000381903
http://www.ncbi.nlm.nih.gov/pubmed/27437772
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5295385
https://doi.org/10.18632/oncotarget.10639
http://www.ncbi.nlm.nih.gov/pubmed/23245995
https://doi.org/10.1016/j.ccr.2012.11.006
http://www.ncbi.nlm.nih.gov/pubmed/27242892
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4860561
https://doi.org/10.3389/fgene.2016.00083
http://www.ncbi.nlm.nih.gov/pubmed/21321607
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3193420
https://doi.org/10.1038/cr.2011.22
http://www.ncbi.nlm.nih.gov/pubmed/28378855
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5381111
https://doi.org/10.1038/srep45704
http://www.ncbi.nlm.nih.gov/pubmed/20001710
https://doi.org/10.3109/13547500903225912
http://www.ncbi.nlm.nih.gov/pubmed/23444211
https://doi.org/10.1158/1078-0432.CCR-12-1246
http://www.ncbi.nlm.nih.gov/pubmed/33293825
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7719343
https://doi.org/10.2147/OTT.S274743
http://www.ncbi.nlm.nih.gov/pubmed/28754720
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5634768
https://doi.org/10.1634/theoncologist.2017-0064
http://www.ncbi.nlm.nih.gov/pubmed/30392088
https://doi.org/10.1007/s11060-018-03016-8
https://doi.org/10.1007/s11060-018-03016-8
http://www.ncbi.nlm.nih.gov/pubmed/22141383
https://doi.org/10.2165/11596690-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/24639266
https://doi.org/10.1007/s11103-014-0188-7
http://www.ncbi.nlm.nih.gov/pubmed/25989233
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4886866
https://doi.org/10.1002/jcb.25226
https://doi.org/10.1002/jcb.25226
http://www.ncbi.nlm.nih.gov/pubmed/35398175
https://doi.org/10.1016/j.gene.2022.146477


Taghavi Rad F et al.

31. Moses C, Nugent F, Waryah CB, Garcia-Bloj B, Harvey AR, Blancafort
P. Activating PTEN Tumor Suppressor Expression with the
CRISPR/dCas9 System. Mol Ther Nucleic Acids. 2019;14:287–300.
[PubMed ID: 30654190]. [PubMed Central ID: PMC6348769].
https://doi.org/10.1016/j.omtn.2018.12.003.

32. Huang K, Yang C, Wang QX, Li YS, Fang C, Tan YL, et al. The CRISPR/Cas9
system targeting EGFR exon 17 abrogates NF-kappaB activation via
epigenetic modulation of UBXN1 in EGFRwt/vIII glioma cells. Cancer
Lett. 2017;388:269–80. [PubMed ID: 27998759]. https://doi.org/10.1016/j.
canlet.2016.12.011.

33. Morimoto T, Nakazawa T, Matsuda R, Nishimura F, Nakamura

M, Yamada S, et al. CRISPR-Cas9-Mediated TIM3 Knockout
in Human Natural Killer Cells Enhances Growth Inhibitory
Effects on Human Glioma Cells. Int J Mol Sci. 2021;22(7):3489.
[PubMed ID: 33800561]. [PubMed Central ID: PMC8036491].
https://doi.org/10.3390/ijms22073489.

34. Moure CJ, Diplas BH, Chen LH, Yang R, Pirozzi CJ, Wang Z, et al.
CRISPR Editing of Mutant IDH1 R132H Induces a CpG Methylation-Low
State in Patient-Derived Glioma Models of G-CIMP. Mol Cancer
Res. 2019;17(10):2042–50. [PubMed ID: 31292202]. [PubMed Central ID:
PMC6774824]. https://doi.org/10.1158/1541-7786.MCR-19-0309.

Iran J Pharm Res. 2023; 22(1):e137226. 11

http://www.ncbi.nlm.nih.gov/pubmed/30654190
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6348769
https://doi.org/10.1016/j.omtn.2018.12.003
http://www.ncbi.nlm.nih.gov/pubmed/27998759
https://doi.org/10.1016/j.canlet.2016.12.011
https://doi.org/10.1016/j.canlet.2016.12.011
http://www.ncbi.nlm.nih.gov/pubmed/33800561
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8036491
https://doi.org/10.3390/ijms22073489
http://www.ncbi.nlm.nih.gov/pubmed/31292202
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6774824
https://doi.org/10.1158/1541-7786.MCR-19-0309

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Plasmid Vector Preparation
	Figure 1

	3.2. Cell Preparation and Culture
	3.3. Transfection Process
	3.4. Detection of Cas9 in Transfected Cells
	3.5. Evaluation of DNA Methylation and hTERT Gene Expression
	3.6. Investigation of Telomerase Activity in Cells by Western Blot Technique
	3.7. Evaluation of Telomerase Activity in Cells Through Flow Cytometry
	3.8. Evaluation of hTERT Gene Promoter Methylation
	3.9. Evaluation of Apoptosis
	3.10. Statistical Analysis of Data

	4. Results
	4.1. Confirmation of the Presence of Cas9 Using Flow Cytometry
	Figure 2

	4.2. Evaluation of hTERT Gene Expression in U87 Cells
	Figure 3

	4.3. Evaluation of hTERT Protein Level
	Figure 4

	4.4. Evaluation of hTERT Gene Methylation
	Figure 5

	4.5. Evaluation of Apoptosis Rate in U87 Cells
	Figure 6


	5. Discussion
	5.1. Conclusions

	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Data Reproducibility: 
	Funding/Support: 

	References

