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Abstract

Purpose: Cancer is a complex condition and gene therapy has evolved as a promising method
for cancer treatment. Studies have demonstrated that PTEN and p53 proteins have remarkable
antitumor effects but combined up-regulation of both PTEN and p53 genes has not been reported.
We thus investigated their therapeutic potential in colorectal cancer (CRC) cells.

Methods: PTEN, p53, and blank vectors were purchased from Addgene, and transfected in
SW480 cell line. Cell viability and apoptosis was assayed by MTT and flow cytometric analysis
respectively. Real-time PCR assay was applied to assess changes in the expression of genes.
To evaluate the effect on drug sensitivity of transfected cells, flow cytometric analysis was
conducted.

Results: PTEN are more able to induce apoptosis than p53 in SW480 and PTEN and p53
demonstrated a synergistic anticancer impact. Further tests showed that both genes increased
the change in the expression of genes related to cell cycle and apoptotic factors. Co-expression
of these genes can also increase the susceptibility of CRC cells to the chemotherapeutic
agent oxaliplatin.

Conclusion: According to our findings, cancer gene therapy targeting two tumor suppressors,
like PTEN and p53 genes, might be a potent therapeutic approach for treating colorectal and

other cancers.

Introduction
Colorectal cancer (CRC) is a prevalent malignancy
affecting both women and men. It is the second most
common cause of cancer related deaths, with over 100000
new cases and 50 000 deaths reported in the United States in
2021." Despite advances in surgical techniques, the success
rate for CRC treatment remains unsatisfactory, due to the
disease’s rapid invasion and early metastases.? Systematic
treatment is therefore essential for advanced cases that
are ineligible for surgery. However, the frequent use of
chemotherapeutic agents often leads to the development
of treatment resistance.> Currently, oxaliplatin-based
chemotherapy is the primary approach for treating CRC,
but patients eventually relapse due to drug resistance, but
patients eventually relapse due to drug resistance.’ The
primary mechanism behind oxaliplatin resistance remains
unclear, posing a significant challenge in CRC treatment.
Consequently, it is crucial to develop new combinations
of traditional anticancer medications and to elucidate the
mechanisms underlying treatment resistance.

The development of genetic flaws that cause unchecked
cellular proliferation underlies cancer. p53, a 53 kDa

protein that controls cell cycle progression and fate, is one
of the most extensively researched tumor suppressors.
Both growth arrest and apoptosis are triggered upon
p53 activation, thus, the inactivation of p53 signaling
pathways allows damaged cells to proliferate, leading to
the development of tumors.* More than 50% of human
cancer have a mutant p53 gene.’ Delivery of the wild-type
P53 (wt-p53) gene to a cancer cell can increase the levels
of wt-p53 protein and trigger apoptosis or growth arrest,
leading to the inhibition of tumor growth.®

Another well-studied gene in cancer is phosphatase and
tensin homolog (PTEN) a tumor-suppressor gene located
on the long arm of chromosome 10. PTEN undergoes
frequent deletion and somatic mutation in endometrial
cancer, glioblastoma, prostate cancer, and small-cell lung
cancer.”'’ The development of CRC is closely associated
with PTEN status. Severe PTEN deficiency is linked to
resistance to treatment, particularly to targeted therapies
involving the receptor tyrosine kinases (RTKs) pathway
like trastuzumab, and advanced tumor stage."! Targeting
the PI3K/ AKT/ PTEN/ mTOR pathway increases patient
survival by restoring drug sensitivity in cancer stem cells
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PTEN and p53 gene therapy

(CSCs). This system is involved in several mechanism
contributing to chemo- and radio-resistance.” Ectopic
expression of PTEN causes cell death and growth
inhibition in nonsmall cell lung," colorectal,'* and thyroid
cancer cells' with wt-PTEN.

PTEN and p53 tumor suppressors are among the
most commonly mutated or inactivated genes in human
cancers. Although PTEN and p53 have different functions,
it has been suggested that they work in tandem because
PTEN regulates p53 stability and p53 is believed to
enhance PTEN transcription.'® A cross-talk between p53
and PTEN occurs at the transcriptional as well as protein
levels, and it is frequently association with mutually
antagonist pathways, which often include MDM2.!S By
suppressing MDM?2 transcription and decreasing its
binding activity to p53, PTEN increases both the level and
activity of p53."” Additionally, PTEN collaborates with the
tumor suppressor p53 during oxidative stress, leading to
cell cycle arrest.'®

The effects of p53 and PTEN have been studied in
various cancers separately, but their synergistic effect
in suppressing tumors remains unknown. We assessed
whether combining p53 and PTEN gene therapy could
produce added antitumor effects in human colorectal cell
line (SW480), and also examined its impact on oxaliplatin
resistance.

Materials and Methods

Cell culture

The SW480 cell line was obtained from the National Cell
Bank of Iran (NCBI, Pasteur Institute of Iran, Iran). The
cells were cultured in high-glucose DMEM/F-12 medium
supplemented with 1% penicillin/streptomycin and 10%
fetal bovine serum (FBS) (all sourced from Thermo Fisher
Scientific Inc., USA). The cultures were maintained at
37°C in a humidified incubator with 5% CO2, and the
flask media were refreshed every 2-3 days.

Transient transfection

PTEN, p53,and blank vectors were obtained from Addgene
(USA) (pCMV-Neo-Bam p53 wt, Plasmid #16434; pCMV
Flag  WT-PTEN, Plasmid #22231; pCMV-Neo-Bam,
Plasmid #16440). PTEN was subcloned into the pcDNA3.1
vector containing a hygromycin resistance gene.

For transfection, SW480 cells were seeded in 6-well
plates, and transfection was performed once the cell
confluency reached 80%. The calcium phosphate method
was used for transfection. Two to three hours prior to
transfection, the culture medium was replaced with fresh
medium. A total of 3-5 pg of each vector was mixed
with 16 uL of 2M CaCl, buffer and diluted to a final
volume of 125 pL. This solution was thoroughly mixed
and combined with 125 pL of HBS2X solution, then
vortexed. The resulting mixture was allowed to sit at room
temperature for 20 minutes before being added dropwise
onto the cell plates. The cells were incubated overnight at

37°Cin a CO; incubator.

After incubation, the medium was replaced with fresh
medium containing 10% FBS. To select for successfully
transfected cells, the medium was replaced 24 hours later
with selective media containing 100 pug/mL hygromycin
for PTEN-transfected cells or 50 pg/mL neomycin for
p53-transfected cells. For cells co-transfected with PTEN
and p53, the medium contained both hygromycin (100 pg/
mL) and neomycin (50 ug/mL) (Sigma, USA). Following
another 24-hour incubation, the medium was refreshed
and cells were prepared for further analyses.

Cell viability assay by MTT

SW480 cell lines in the logarithmic growth phase were
cultured in serum-free DMEM medium. Approximately
1x10* SW480 cells were seeded into each well of a 96-
well plate. The cells were divided into four experimental
groups: blank (control), PTEN, p53, and PTEN +p53.
These groups were transfected with blank vectors, PTEN
plasmids, p53 plasmids, and co-transfected with PTEN
and p53 plasmids, respectively.

After 48 hours of incubation with fresh medium, 20
uL of MTT solution was added to each well. Following
a 4-hour incubation, the culture medium was carefully
discarded, and 150 pL of DMSO was added to each well.
The plates were gently agitated at low speed for 10 minutes
to ensure complete dissolution of the resulting violet
formazan crystals.

The optical density (OD) was measured using an ELISA
reader at a wavelength of 490 nm. Untreated cells served
as the reference group, and the OD values of treated cells
were normalized against those of the reference group to
assess relative cell viability.

Cell apoptosis assay by flow cytometry

Flow cytometric (FCM) analysis was performed to
assess apoptosis in the treated SW480 cells. Cells were
transfected with PTEN, p53, PTEN+p53, or a blank
plasmid as the control group. Following transfection, cells
were stained with Annexin V-FITC and propidium iodide
(PI) to evaluate apoptosis and necrosis according to the
manufacturer’s protocol.

Briefly, SW480 cells were incubated for 48 hours post-
transfection before being harvested. The harvested cells
were washed twice with cold PBS and resuspended in
PBS at a concentration of 1x10° cells per 100 uL. To
this suspension, 1 uL each of PI and Annexin V-FITC
was added. The cells were incubated for 15 minutes at
room temperature in the dark to ensure proper staining.
Apoptosis and cell cycle status were then analyzed using
flow cytometry.

Cells stained with only Annexin V-FITC were classified
as being in the early apoptosis phase, while cells positive
for both Annexin V-FITC and PI were identified as
undergoing primary necrosis or in the late apoptosis stage.
This methodology provided a comprehensive analysis of
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the apoptotic and necrotic states of the treated cells.

Real-time PCR assay

Real-time PCR was employed to quantitatively investigate
alterations in gene expression related to the cell cycle and
apoptosis. Total RNA was extracted from transfected SW480
cells using RNX-Plus Solution (SinaClon BioScience, Iran),
and mRNA was reverse-transcribed into ¢cDNA using a
cDNA Synthesis Kit (Yekta Tajhiz Azma, Iran).

Primer pairs for quantitative real-time PCR were
designed using the Primer-BLAST tool (http://www.ncbi.
nlm.nih.gov/primer-blast), and additional analysis with
oligo design tools (Generunner 6.0) ensured the exclusion
of primers with stable secondary structures. The primers
were synthesized by Metabion (Metabion, Germany).
GAPDH (glyceraldehyde-3-phosphate dehydrogenase)
was used as the reference gene for normalization. Gene
expression analysis included GAPDH, BAX, Bdl-2,
Caspase 8, Caspase 9, CDKN2A, p53, and PTEN, using
the SYBR Green Master Mix.

Each reaction was conducted in a 25 pL volume in
triplicate, comprising 2 uL of cDNA, 12.5 uL of RealQ
Plus 2x Master Mix (Amplicon, UK), and 0.2 uM of both
forward and reverse primers. Amplification was carried
out on a Rotor-Gene 6000 system (Corbet Life Sciences,
Australia) with the following thermal cycling conditions:
an initial denaturation step at 95 °C for 15 minutes,
followed by 40 cycles of 95 °C for 15 seconds, 61 °C for 30
seconds, and 72 °C for 15 seconds. Results were analyzed
using REST 2009 V2.0.13 software.

Drug sensitivity

To evaluate the impact of PTEN and/or p53 on the drug
sensitivity of SW480 cells, the cells were transfected
as described earlier. After 48 hours of incubation, the
transfected cells were treated with oxaliplatin at a final
concentration of 120 pug/mL (Sigma-Aldrich, USA) for 24
hours. Following the treatment, apoptosis was assessed
using flow cytometric analysis to determine the effects of
PTEN and p53 on the chemotherapeutic response.

Results

p53 and PTEN significantly suppress the proliferation of
SW480 cells

To investigate the effect of p53 and PTEN tumor
suppressors on CRC in vitro, the MTT assay was used to
measure the proliferation of SW480 cells. According to
Figure 1, compared to control cells that were transfected
with a blank plasmid, the viability of the PTEN or
p53-transfected cells was significantly reduced. This
demonstrates their role as tumor suppressors in SW480
cells by inhibiting the proliferation of tumor cells time-
dependently, with a peak suppression occurring 72 hours
after transfection (25.6%, 18.5%, and 18% for p53, PTEN,
and PTEN +p53, respectively). Co-transfecting p53 and
PTEN resulted in a significantly enhanced inhibition

% Cell Survival

0 24 48 72 96

Hours after Transfection

—+—Blank =—®= p53 ==A=-PTEN ——SB— PTEN+pS53

Figure 1. Reduction in cell viability by PTEN and p53 overexpression. MTT
assays were performed to evaluate the effect of PTEN and p53 overexpression
in SW480 cells 48, 72, and 96 hours after transfection. Experiments were
performed in triplicate and error bars depict the standard error of the mean

of cell proliferation 48 h after transfection compared to
overexpressing either p53 (P value=0.009) or PTEN (P
value=0.081) alone (62.7%, 42.9%, and 32.9% for p53,
PTEN, and PTEN+p53, respectively). This suggests
that the co-transfection of p53 and PTEN enhanced the
antitumor activity in SW480 cells.

After 96 hours, an increase in cell survival was observed
due to decreased gene expression brought on by plasmid
transient transfection (73%, 26.7%, and 33.8% for p53,
PTEN, and PTEN + p53, respectively).

PTEN dramatically increases the rate of apoptosis
compared to p53

To investigate the effects of PTEN and p53 on inhibiting
tumor cell growth, an apoptosis assay was performed
on SW480 tumor cells transfected with PTEN, p53,
PTEN +p53, and blank plasmids, using Annexin V-PE/7-
AAD double staining and flow cytometry. Untransfected
cells were included as a control group.

As shown in Figure 2, compared to control cells
transfected with the blank plasmid, transfection with
p53, PTEN, or PTEN +p53 resulted in apoptosis rates
of 4%, 34%, and 33%, respectively, including both early
and late apoptotic cells. Additionally, the necrotic fraction
increased significantly in the samples, with necrosis levels
50%, 43%, and 200% higher in cells transfected with
p53, PTEN, and PTEN +p53, respectively, compared to
normal conditions.

The findings indicate that apoptosis is significantly
induced by PTEN, as observed in both the PTEN (P
value=0.02) and PTEN+p53 (P value=0.01) groups.
Moreover, co-transfection with PTEN and p53 further
increased the overall rate of cell death, demonstrating a
200% increase in cell death relative to control conditions.
These results highlight the synergistic role of PTEN
and p53 in promoting apoptosis and inhibiting tumor
cell survival.

PTEN and p53 regulate the expression of cell cycle and
apoptosis-related proteins
To evaluate the anticancer activity’s mechanism by p53
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and PTEN, real-time analysis was used to measure
the Transcription level of apoptotic markers and cell
cycle-related genes i.e., BAX, Bcl-2, caspase 8, caspase
9, and CDKN2A (Figure 3). The results revealed that
transfection with PTEN or PTEN+p53 significantly
increased the BAX/Bcl-2 expression ratio (P value=0.02
and 0.03 respectively), indicating a heightened
susceptibility to apoptosis compared to p53 transfection
alone. Furthermore, p53 transfection led to a marked
overexpression of caspase 8, a key mediator of the extrinsic
apoptotic pathway, thereby amplifying apoptotic signaling

FL3H Pl
FL3H Pl

through this route. In contrast, PTEN transfection caused
a fivefold overexpression of caspase 9, highlighting its
pivotal role in activating the intrinsic apoptotic pathway.
As expected, co-transfection with PTEN and p53
activated both intrinsic and extrinsic apoptotic pathways,
as evidenced by the simultaneous upregulation of caspase
9 and caspase 8. Additionally, p53-transfected cells
demonstrated significant overexpression of the CDKN2A
gene (P value=0.023), which encodes the pl4 and p16
proteins. These proteins are essential for inducing cell
cycle arrest, further inhibiting tumor progression. The
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Figure 2. PTEN and p53 promote apoptosis in SW480 cells. Flow cytometric analysis of in vitro apoptosis and representative flow cytometric images are shown for
cells transfected with blank (a), p53 (b), PTEN (c), co-transfect with PTEN and p53 (d) and unstained controls. The proportion of cells in each quadrant is divided
by the corresponding quadrant in the blank group to compare across test groups (f). The asterisks indicate the groups which were significantly different (p<0.05)
from each other. Experiments were performed in triplicate and error bars depict the standard error of the mean
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Figure 3. Increased levels of PTEN and p53 trigger the intrinsic and extrinsic apoptotic pathways. Analysis of gene expression associated with apoptosis and
normalization against GAPDH expression were conducted. The asterisks indicate the groups which were significantly different (p<0.05) from each other.
Experiments were performed in triplicate and error bars depict the standard error of the mean
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upregulation of CDKN2A products also amplified
apoptosis signals, reinforcing the synergistic effects of
PTEN and p53 in regulating cell death and halting cell
proliferation.

The oxaliplatin resistance of CRC is partly reversible by
PTEN and p53

We examined whether co-treatment with PTEN and p53
could influence oxaliplatin resistance in SW480 CRC
cells. Flow cytometry assay results demonstrated that
transfection with PTEN and/or p53 significantly enhanced
the sensitivity of SW480 cells to oxaliplatin treatment
(with p-value of 0.012 for PTEN, 0.03 for p53 and 0.014
for PTEN +p53 transfected cells) (Figure 4). Specifically,
co-treatment with p53, PTEN, or PTEN +p53 alongside
oxaliplatin increased apoptosis by 30%, 70%, and 200%,
respectively, compared to cells transfected with the blank
plasmid and treated with oxaliplatin. These findings
highlight the potential of PTEN and p53 co-expression
to overcome chemoresistance and enhance the efficacy of
oxaliplatin in CRC therapy.

Discussion

Cancer is the focus of over 60% of all active clinical
gene therapy trials worldwide, underscoring its critical
importance in current biomedical research. Gene therapy
has emerged as a promising and innovative strategy for
treating a wide range of diseases, particularly cancer, by
directly targeting genetic mutations or defective genes that
drive tumorigenesis. Among the most effective targets
for such therapies are tumor-suppressor genes, which

FL3H Pl
FL3H Pl
FL3-H Pl

are ideal candidates due to their ability to inhibit tumor
growth and induce apoptosis. Studies have demonstrated
that targeting ING4,"?° PTEN,* p21,> most prominently,
P53 can significantly reduce cancer cell viability. These
genes play pivotal roles in promoting tumor cell death,
halting proliferation, and limiting cancer progression
through regulation of the cell cycle.”

The p53 gene, frequently mutated in cancers, has been a
widely studied target in cancer gene therapy since 1994.
Numerous studies have evaluated the effects of p53
gene therapy across various cancer types. Adenovirus-
associated p53 gene therapy products, such as Gendicine
and Advexin, are currently used in clinical treatments.>

Loss of PTEN activity results in persistent activation
of PI3K/AKT signaling, leading to abnormal cell growth,
survival, and proliferation.’® Research has increasingly
focused on the PTEN gene and its downstream
signaling pathways, such as PI3K/AKT, to evaluate the
effectiveness of gene therapy in treating cancers like
prostate cancer,> CRC," hepatocellular carcinoma' and
Acute Lymphoblastic Leukemia.”” Mutations in genes like
p53 and PTEN have been identified as high-penetrance
susceptibility factors and hold significant clinical
importance in assessing cancer risk.

In this study, we investigated the outcome of co-
transfecting PTEN and p53 tumor suppressors in SW480
CRC cells in vitro using recombinant CMV-plasmids
carrying wild-type PTEN and p53 genes. The combined
expression of PTEN and p53 resulted in synergistic
apoptosis and growth inhibition in SW480 cells. Similar
data have been reported in other studies where co-
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Figure 4. PTEN and p53 enhance sensitivity to oxaliplatin in SW480 cells. Representative flow cytometric images are shown for cells treated with oxaliplatin
and transfected with blank (a), p53 (b), PTEN (c), co-transfect with PTEN and p53 (d) and unstained controls(e). The proportion of cells in each quadrant is
divided by the corresponding quadrant in the blank group to compare across test groups (f). The asterisks indicate the groups which show a significant difference
(p-value <0.05). Experiments were performed in triplicate and error bars depict the standard error of the mean

158|  Advanced Pharmaceutical Bulletin. 2025;15(1)



PTEN and p53 gene therapy

transfection of two tumor suppressor genes led to a notable
increase in tumor cell death For example, co-transfection
of p53 and ING4 in breast cancer,” PTEN and ING4 in
hepatocellular carcinoma' and p53 and p33 in gliomas.”
Notably, PTEN induced apoptosis more effectively than
P53, as demonstrated by MTT and flow cytometry assays,
where PTEN led to 70% higher cell death and 30% more
apoptosis compared to p53.

To understand the synergistic effect of PTEN and p53
co transfection, we must examine how the interact in cell
cycle and apoptosis pathway. In normal cells, p53 levels
are controlled by MDM2, which itself is regulated by
p53 through a transcriptional feedback loop, creating an
autoregulatory negative-feedback mechanism.”® Under
oncogenic stress, the stabilization of p53 is primarily
facilitated by the tumor suppressor ARF, which disrupts
MDM2-mediated ubiquitination of p53.** Meanwhile,
PTEN influences MDM2 at the transcriptional level by
regulating its promoter activity and isoform selection.
Through these mechanisms, PTEN reduces MDM2
transcription and binding activity, thereby increasing both
the levels and activity of p53.**

Another perspective is that PTEN’s ability to
dephosphorylate PIP3 to PIP2 inhibits AKT-regulated
downstream signaling events, thereby suppressing the
PI3K/AKT pathway®* which is one of the most frequently
activated pathways in human cancers. p53 interacts with
this pathway by activating PTEN transcription.”® This
shows that an increase in both p53 and PTEN protein
level in cell can create a positive feedback loop, helping to
explain the synergistic effect of co-transfection.

Real-time PCR analysis revealed the expression of cell
cycle and apoptosis-related markers such as BAX, Bcl-2,
caspase 8, caspase 9, and CDKN2A. CDKN2A and pro-
apoptotic proteins like BAX, which are well-characterized
p53 target genes, are key players in apoptosis and cell cycle
arrest.* Bcl-2 family is a significant driver of cell fate and a
fundamental regulator of apoptosis.”

In our study, caspase 8 and CDKN2A levels were
significantly upregulated in p53-treated cells, while
PTEN increased caspase 9 expression, highlighting
its role in intrinsic apoptosis. Combined PTEN and
p53 treatment elevated BAX, caspase 9, and CDKN2A
expression, indicating activation of both intrinsic and
extrinsic apoptotic pathways. This synergistic effect
underscores the enhanced anticancer activity of PTEN
and p53 co-expression in CRC cells. Similar studies have
been conducted, examining BAX and Bcl-2 expression
as well.'*?

Additionally, we observed that PTEN and p53 gene
therapy significantly increased the chemosensitivity of
SW480 CRC cells, with co-transfection of PTEN+p53
notably enhancing sensitivity to oxaliplatin. Mutations
in p53 are linked to diminished responses to various
chemotherapeutic agents, including 5-fluorouracil (5-FU),
cisplatin, temozolomide, doxorubicin, and gemcitabine, as

well as the anti-EGFR monoclonal antibody cetuximab.*
PTEN also influences Cyclic AMP-Responsive Element-
Binding Protein (CREB) activity, which affects its ability
to regulate the transcription of specific genes, thereby
modulating sensitivity to chemotherapeutic drugs.
Additionally, elevated Bcl-2 transcription has been
observed in certain drug-resistant breast cancer cells
expressing activated Raf-1.” Activated CREB can regulate
Bcl-2 expression, and the interplay between Akt, CREB,
and Bcl-2 is implicated in the development of drug
resistance.”® We discovered that overexpressing PTEN
and p53 genes can improve the oxaliplatin sensitivity of
SW480 cells and notably, PTEN has more impact than p53
because it directly inhibits the PI3/AKT pathway.

In conclusion, PTEN and p53 co-expression
synergistically induce an enhanced effect on growth
suppression, drug sensitivity, and apoptosis stimulation in
CRC cells. Cancer gene therapy with a combination of two
or more tumor suppressors, like PTEN and p53, can be a
promising strategy for CRC treatment.

Conclusion

Our overall results strongly suggest that the co-expression
of PTEN and p53 tumor suppressor genes exerts a
synergistic anticancer effect in colorectal cancer (CRC)
cells. PTEN alone induced greater apoptosis than p53,
and their combined transfection significantly enhanced
apoptotic signaling via both intrinsic and extrinsic
pathways. This co-expression upregulated keymarkerssuch
as BAX, caspase 8, caspase 9, and CDKN2A, contributing
to effective cell cycle arrest and programmed cell death.
Moreover, co-transfection increased the sensitivity of
CRC cells to oxaliplatin, overcoming limitations caused
by p53-related chemoresistance. These findings align with
previous studies on dual tumor suppressor strategies in
various cancers. Based on our results, the combined gene
therapy of PTEN and p53 presents a promising approach
for enhancing CRC treatment outcomes. However, further
in vivo studies are warranted to confirm these findings

and assess clinical applicability.

Authors’ Contribution

Conceptualization: Narjes Nakhaee, Sirous Zeinali.

Data curation: Narjes Nakhaee.

Formal analysis: Narjes Nakhaee.

Funding acquisition: Sirous Zeinali, Mahboubeh Kabiri.
Investigation: Narjes Nakhaee.

Methodology: Narjes Nakhaee, Teimoori Toolabi.

Project administration: Sirous Zeinali, Mahboubeh Kabiri.
Resources: Sirous Zeinali, Mahboubeh Kabiri.

Software: Narjes Nakhaee.

Supervision: Sirous Zeinali, Mahboubeh Kabiri.

Validation: Narjes Nakhaee, Sirous Zeinali, Kabiri, Teimoori Toolabi.
Visualization: Narjes Nakhaee.

Writing-original draft: Narjes Nakhaee.

Writing-review & editing: Narjes Nakhaee, Sirous Zeinali,
Mahboubeh Kabiri, Teimoori Toolabi.

Advanced Pharmaceutical Bulletin. 2025;15(1) | 159



Nakhaee et al

Competing Interests
The authors declare that they have no conflict of interest.

Ethical Approval
Not applicable.

Funding
Self-funded.

References

1.

Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics,
2021. CA Cancer J Clin 2021;71(1):7-33. doi: 10.3322/
caac.21654

Zare-Bandamiri M, Khanjani N, JahaniY, Mohammadianpanah
M. Factors affecting survival in patients with colorectal cancer
in Shiraz, Iran. Asian Pac | Cancer Prev 2016;17(1):159-63.
doi: 10.7314/apjcp.2016.17.1.159

Overman MJ, Morris V, Moinova H, Manyam G, Ensor J, Lee
MS, et al. Phase I/ll study of azacitidine and capecitabine/
oxaliplatin  (CAPOX) in refractory CIMP-high metastatic
colorectal cancer: evaluation of circulating methylated
vimentin. Oncotarget 2016,7(41):67495-506. doi: 10.18632/
oncotarget.11317

Farooq Z, Wani S, Ragunathrao VA, Kochhar R, Anwar M.
p53 tumor suppressor: functional regulation and role in gene
therapy. In: p53-A Guardian of the Cenome and Beyond.
IntechOpen; 2022. doi: 10.5772/intechopen.105029
Hollstein M, Sidransky D, Vogelstein B, Harris CC. p53
mutations in human cancers. Science 1991;253(5015):49-53.
doi: 10.1126/science.1905840

Joerger AC, Fersht AR. The p53 pathway: origins, inactivation
in cancer, and emerging therapeutic approaches. Annu
Rev Biochem 2016;85:375-404. doi: 10.1146/annurev-
biochem-060815-014710

Marchio C, De Filippo MR, Ng CK, Piscuoglio S, Soslow RA,
Reis-FilhoJS, et al. PIKing the type and pattern of PI3K pathway
mutations in endometrioid endometrial carcinomas. Gynecol
Oncol 2015;137(2):321-8. doi: 10.1016/j.ygyn0.2015.02.010
Mecca C, Giambanco I, Donato R, Arcuri C. TargetingmTOR in
glioblastoma: rationale and preclinical/clinical evidence. Dis
Markers 2018;2018:9230479. doi: 10.1155/2018/9230479
Phin 'S, Moore MW, Cotter PD. Genomic rearrangements
of PTEN in prostate cancer. Front Oncol 2013;3:240. doi:
10.3389/fonc.2013.00240

Carbognin L, Miglietta F, Paris I, Dieci MV. Prognostic and
predictive implications of PTEN in breast cancer: unfulfilled
promises but intriguing perspectives. Cancers (Basel)
2019;11(9):1401. doi: 10.3390/cancers11091401

Zhang S, Yu D. PI(3)king apart PTEN’s role in cancer. Clin
Cancer Res 2010;16(17):4325-30. doi: 10.1158/1078-0432.
Ccr-09-2990

Chang L, Graham PH, Hao J, Bucci J, Cozzi PJ, Kearsley JH,
et al. Emerging roles of radioresistance in prostate cancer
metastasis and radiation therapy. Cancer Metastasis Rev
2014;33(2-3):469-96. doi: 10.1007/s10555-014-9493-5

Liu L, Huang L, He J, Cai S, Weng Y, Huang S, et al. PTEN
inhibits non-small cell lung cancer cell growth by promoting
GO/G1 arrest and cell apoptosis. Oncol Lett 2019;17(1):1333-
40. doi: 10.3892/01.2018.9719

Saito Y, Swanson X, Mhashilkar AM, OidaY, Schrock R, Branch
CD, et al. Adenovirus-mediated transfer of the PTEN gene
inhibits human colorectal cancer growth in vitro and in vivo.
Gene Ther 2003;10(23):1961-9. doi: 10.1038/sj.gt.3302100
Weng LP, Gimm O, Kum JB, Smith WM, Zhou XP, Wynford-
Thomas D, et al. Transient ectopic expression of PTEN in
thyroid cancer cell lines induces cell cycle arrest and cell
type-dependent cell death. Hum Mol Genet 2001;10(3):251-

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

8. doi: 10.1093/hmg/10.3.251

Nakanishi A, Kitagishi Y, Ogura Y, Matsuda S. The tumor
suppressor PTEN interacts with p53 in hereditary cancer. Int/
Oncol 2014;44(6):1813-9. doi: 10.3892/ij0.2014.2377
Zheng T, Meng X, Wang J, Chen X, Yin D, Liang Y, et al.
PTEN- and p53-mediated apoptosis and cell cycle arrest by
FTY720 in gastric cancer cells and nude mice. / Cell Biochem
2010;111(1):218-28. doi: 10.1002/jcb.22691

Chang CJ, Mulholland DJ, Valamehr B, Mosessian S, Sellers
WR, Wu H. PTEN nuclear localization is regulated by oxidative
stress and mediates p53-dependent tumor suppression. Mol
Cell Biol 2008;28(10):3281-9. doi: 10.1128/mcb.00310-08
Rakshit N, Yang S, Zhou W, Xu Y, Deng C, Yang J, et al.
Adenovirus-mediated co-expression of ING4 and PTEN
cooperatively enhances their antitumor activity in human
hepatocellular carcinoma cells. Acta Biochim Biophys Sin
(Shanghai) 2016;48(8):704-13. doi: 10.1093/abbs/gmw062
Wu J, Zhu 'Y, Xu C, Xu H, Zhou X, Yang J, et al. Adenovirus-
mediated p53 and ING4 gene co-transfer elicits synergistic
antitumor effects through enhancement of p53 acetylation in
breast cancer. Oncol Rep 2016;35(1):243-52. doi: 10.3892/
0r.2015.4385

Islam MA, XuY, Tao W, Ubellacker JM, Lim M, Aum D, et al.
Restoration of tumour-growth suppression in vivo via systemic
nanoparticle-mediated delivery of PTEN mRNA. Nat Biomed
Eng 2018;2(11):850-64. doi: 10.1038/s41551-018-0284-0
Tomizawa Y, Sekido Y, Kondo M, Gao B, Yokota J, Roche J,
et al. Inhibition of lung cancer cell growth and induction
of apoptosis after reexpression of 3p21.3 candidate tumor
suppressor gene SEMA3B. Proc Natl Acad Sci U S A
2001;98(24):13954-9. doi: 10.1073/pnas.231490898

Fang B, Roth JA. Tumor-suppressing gene therapy. Cancer Biol
Ther 2003;2(4 Suppl 1):S115-21.

Wills KN, Maneval DC, Menzel P, Harris MP, Sutjipto S,
Vaillancourt MT, et al. Development and characterization
of recombinant adenoviruses encoding human p53 for gene
therapy of cancer. Hum Gene Ther 1994;5(9):1079-88. doi:
10.1089/hum.1994.5.9-1079

Wirth T, Yla-Herttuala S. Gene therapy used in cancer
treatment. Biomedicines 2014;2(2):149-62. doi: 10.3390/
biomedicines2020149

Papa A, Pandolfi PP. The PTEN-PI3K axis in cancer.
Biomolecules 2019;9(4):153. doi: 10.3390/biom9040153
Naderali E, Valipour B, Khaki AA, Soleymani Rad J,
Alihemmati A, Rahmati M, et al. Positive effects of PI3K/
Akt signaling inhibition on PTEN and P53 in prevention of
acute lymphoblastic leukemia tumor cells. Adv Pharm Bull
2019;9(3):470-80. doi: 10.15171/apb.2019.056

Shinoura N, Muramatsu Y, Nishimura M, Yoshida Y, Saito A,
Yokoyama T, et al. Adenovirus-mediated transfer of p33ING1
with p53 drastically augments apoptosis in gliomas. Cancer
Res 1999;59(21):5521-8.

Liebl MC, Hofmann TG. The role of p53 signaling in colorectal
cancer. Cancers (Basel) 2021;13(9):2125. doi: 10.3390/
cancers13092125

Bieging KT, Mello SS, Attardi LD. Unravelling mechanisms
of p53-mediated tumour suppression. Nat Rev Cancer
2014;14(5):359-70. doi: 10.1038/nrc3711

Mayo LD, Donner DB. The PTEN, MDM2, p53 tumor
suppressor-oncoprotein  network.  Trends Biochem  Sci
2002;27(9):462-7. doi: 10.1016/s0968-0004(02)02166-7
Song MS, Salmena L, Pandolfi PP. The functions and regulation
of the PTEN tumour suppressor. Nat Rev Mol Cell Biol
2012;13(5):283-96. doi: 10.1038/nrm3330

Stambolic V, MacPherson D, Sas D, Lin Y, Snow B, Jang
Y, et al. Regulation of PTEN transcription by p53. Mol Cell
2001;8(2):317-25. doi: 10.1016/s1097-2765(01)00323-9

160|

Advanced Pharmaceutical Bulletin. 2025;15(1)


https://doi.org/10.3322/caac.21654
https://doi.org/10.3322/caac.21654
https://doi.org/10.7314/apjcp.2016.17.1.159
https://doi.org/10.18632/oncotarget.11317
https://doi.org/10.18632/oncotarget.11317
https://doi.org/10.5772/intechopen.105029
https://doi.org/10.1126/science.1905840
https://doi.org/10.1146/annurev-biochem-060815-014710
https://doi.org/10.1146/annurev-biochem-060815-014710
https://doi.org/10.1016/j.ygyno.2015.02.010
https://doi.org/10.1155/2018/9230479
https://doi.org/10.3389/fonc.2013.00240
https://doi.org/10.3390/cancers11091401
https://doi.org/10.1158/1078-0432.Ccr-09-2990
https://doi.org/10.1158/1078-0432.Ccr-09-2990
https://doi.org/10.1007/s10555-014-9493-5
https://doi.org/10.3892/ol.2018.9719
https://doi.org/10.1038/sj.gt.3302100
https://doi.org/10.1093/hmg/10.3.251
https://doi.org/10.3892/ijo.2014.2377
https://doi.org/10.1002/jcb.22691
https://doi.org/10.1128/mcb.00310-08
https://doi.org/10.1093/abbs/gmw062
https://doi.org/10.3892/or.2015.4385
https://doi.org/10.3892/or.2015.4385
https://doi.org/10.1038/s41551-018-0284-0
https://doi.org/10.1073/pnas.231490898
https://doi.org/10.1089/hum.1994.5.9-1079
https://doi.org/10.3390/biomedicines2020149
https://doi.org/10.3390/biomedicines2020149
https://doi.org/10.3390/biom9040153
https://doi.org/10.15171/apb.2019.056
https://doi.org/10.3390/cancers13092125
https://doi.org/10.3390/cancers13092125
https://doi.org/10.1038/nrc3711
https://doi.org/10.1016/s0968-0004(02)02166-7
https://doi.org/10.1038/nrm3330
https://doi.org/10.1016/s1097-2765(01)00323-9

PTEN and p53 gene therapy

34.

35.

36.

Wei CL, Wu Q, Vega VB, Chiu KP, Ng P, Zhang T, et al. A
global map of p53 transcription-factor binding sites in the
human genome. Cell 2006;124(1):207-19. doi: 10.1016/j.
cell.2005.10.043

Danial NN, Korsmeyer S). Cell death: critical control
points. Cell 2004;116(2):205-19. doi: 10.1016/s0092-
8674(04)00046-7

Hientz K, Mohr A, Bhakta-Guha D, Efferth T. The role of p53 in
cancer drug resistance and targeted chemotherapy. Oncotarget
2017;8(5):8921-46. doi: 10.1 8632/oncotarget. 13475

37.

38.

Davis JM, Navolanic PM, Weinstein-Oppenheimer CR,
Steelman LS, Hu W, Konopleva M, et al. Raf-1 and Bcl-2
induce distinct and common pathways that contribute to breast
cancer drug resistance. Clin Cancer Res 2003;9(3):1161-70.
McCubrey JA, Steelman LS, Kempf CR, Chappell WH,
Abrams SL, Stivala F, et al. Therapeutic resistance resulting
from mutations in Raf/MEK/ERK and PI3K/PTEN/Akt/mTOR
signaling pathways. / Cell Physiol 2011;226(11):2762-81. doi:
10.1002/jcp.22647

Advanced Pharmaceutical Bulletin. 2025;15(1) | 161


https://doi.org/10.1016/j.cell.2005.10.043
https://doi.org/10.1016/j.cell.2005.10.043
https://doi.org/10.1016/s0092-8674(04)00046-7
https://doi.org/10.1016/s0092-8674(04)00046-7
https://doi.org/10.18632/oncotarget.13475
https://doi.org/10.1002/jcp.22647

