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Effect of IFN-y encapsulated liposomes on
major signal transduction pathways in the
lymphocytes of patients with lung cancer
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Abstract. Globally, lung cancer affected 2.2 million indi-
viduals and caused 1.8 million deaths in 2021. Lung cancer
is caused by smoking, genetics and other factors. IFN-y
has anticancer activity. However, the mechanism by which
IFN-v has an effect on lung cancer is not fully understood.
The present study aimed to assess the effect of IFN-y on the
peripheral lymphocytes of patients with lung cancer compared
with healthy controls. The efficacy of IFN-y against oxidative
stress was assessed using a comet repair assay and the effects
of IFN-y on p53, PARPI and OGGl genes and protein levels in
lymphocytes was evaluated by RT-qPCR and western blotting.
DNA damage was significantly reduced in the lymphocytes
of patients treated with IFN-y. However, there was no effect
in the cells of healthy individuals after treatment with
naked IFN-vy [IFN-y (N)] and liposomal IFN-y [IFN-y (L)].
Following treatment with IFN-y (N) and IFN-y (L), the p53,
PARP1 and OGGTI protein and gene expression levels were
significantly increased (P<0.001). It has been suggested that
IFN-vy may induce p53-mediated cell cycle arrest and DNA
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repair in patients. These findings supported the idea that
IFN-y (N) and IFN-y (L) may serve a significant role in the
treatment of lung cancer, via cell cycle arrest of cancer cells
and repair mechanisms.

Introduction

Lung cancer accounts for ~13% of annual cancer cases
worldwide and is the second most common type of cancer in
both male and female patients (1). Investigation of proteins
including proteins like Carcinoembryonic Antigen (CEA),
autoantibodies such as P53 autoantibodies, and gene expres-
sion profiles in the blood or airway epithelium has yielded
promising biomarker candidates for the early detection of
lung cancer, such as epidermal growth factor receptor, c-ros
oncogenel(ROS1), KRAS expression (2). Interferon-y (IFN-y)
is the only type I1 IFN member that isa dimerized soluble mole-
cule and consisting of 143 amino acids (3,4). IFN-y performs
roles with antiviral, immunoregulatory and anti-tumor proper-
ties, via interactions with specific cell-surface receptors such
as IFN-vy receptor (IFNGR) (5).

Researchers have long sought a rapid, safe, and effective
therapy for malignant tumors. However, traditional cancer
treatments, such as surgery, radiotherapy (RT), and chemo-
therapy still fall short. For example, surgical excision often
fails due to cancer recurrence and metastasis. Radiotherapy
which uses high-energy X-rays, damages normal tissues, and
traditional chemotherapy is limited by severe multidrug resis-
tance and side effects such as nausea and Vomiting, anemia,
and hair loss (6). To overcome these challenges and improve
prognosis, intelligent nanoplatforms have been developed for
improved diagnostic and therapeutic outcomes (7). These
nanoplatforms use naturally existing nanoparticles, such as
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bacterial viruses (bacteriophages or phages), plant viruses,
nucleic acid nanoparticles (such as DNA origami), protein
nanoparticles and liposomes (8). These bionanoparticles
possess unique properties in terms of composition, structure,
shape and function, which make them valuable tools for cancer
imaging, diagnosis and therapy (9).

Liposomal IFN-y [IFN-y (L)] is a cytokine that serves
a key role in the maturation and function of certain immune
cells (10). The encapsulation of IFN-v in liposomes improves its
pharmacokinetic profile, prolonging its half-life and enhancing
its stability in the bloodstream (11). This enhanced formulation
offers several advantages, such as targeted delivery to specific
tissues and reduced systemic toxicity, making it a promising
candidate for various therapeutic applications (12). Studies have
reported the potential of IFN-y (L) to stimulate antitumor immu-
nity, control viral infections and modulate the immune response
in autoimmune diseases (13,14). IFN-y (L) inhibits melanoma
growth and metastasis by inducing antitumor immunity (15).
The second generation murine IFN-y (L) has been reported to
exhibit antitumor and antiangiogenic effects (16). If liposomes
can overcome the current limitations like targeted delivery, and
reduced systemic toxicity, they could be considered next genera-
tion protein therapeutics due to their ability to increase protein
and peptide (PPs) solubility and provide controlled sustained
release of PPs to decrease side effects of traditional therapy
including autoimmunity and non-specific inflammation (17).

Inactivation of the tumor suppressor gene, pS3, by somatic
mutations has been reported to be associated with certain
malignant neoplasms, and its reactivation represents an
attractive therapeutic strategy for cancers (18,19). p53 has
also demonstrated the ability to induce DNA repair pathways
to minimize DNA damage (20). The regulation of specific
DNA repair is controlled via p53-mediated transcriptional
genes depending on the type of DNA damage. The p53 gene
can induce crucial DNA repair genes including base excision
repair (BER), non-homologous end-joining and nucleotide
excision repair (21). Human 8-oxo guanine-DNA glycosylase
(OGQG]) serves a crucial role in the repair pathway of reactive
oxygen species-induced damage, through stepwise base exci-
sion repair (BER) (22). In addition, OGG] interacts with poly
ADP-ribose polymerase 1 (PARP1), a DNA-damage sensor
protein involved in DNA repair and numerous other cellular
processes (23). However, the effect mechanism of IFN-y on
lung cancer lymphocytes is still not clear. The present study
examined the DNA protective effects of IFN-y (L) on lympho-
cytes from patients with lung cancer compared with healthy
individuals through the study of p53, OGGI and PARPI at the
gene and protein levels after treatment with IFN-vy (L).

Materials and methods

Reagents. All chemicals utilized in the present study were
purchased from Sigma-Aldrich (Merck KGaA) including
IFN-vy (98% purity; cat. no. 17001), fetal bovine serum
(FBS; cat. no. F7524), RPMI 1640 medium (RPMI-1640;
cat. no. R8758) and penicillin-streptomycin solution (cat.
no. P4333). Before using IFN-v, the lyophilized powder was
reconstituted in double-distilled water to create the stock solu-
tion. It was then diluted in RPMI-1640 medium containing
10% FBS and kept at 20°C.

Dose-response tests were performed to identify the best
naked IFN-y [IFN-y (N)] and IFN-y (L) dosages. Various
doses (50, 100, 200,300 U/ml were administered at different
time intervals (24, 48, 72 h) at 37 °C to assess their effec-
tiveness. Based on this, 100 U/ml IFN-y (N) and 100 U/ml
IFN-y (L) were administered at a constant dosage. The 75 yM
H,0, at 37°C for 24 h was used to induce the oxidative stress
and increase the DNA damage in lymphocytes from healthy
individuals and lung cancer patients to be used as the positive
control (PC).

Cell viability. Based on our previous study (17), cell viability
was assessed using the Cell Counting Kit-8 (CCK-8),
Sigma-Aldrich (Shanghai, China) at 37°C for 4 h. In all tests,
doses expected to produce a cell viability of ~75% were used
and incubated with the treatment for 24 h.

Sample preparation and enzyme-modified comet assay.
Healthy non-smoking volunteers and patients with lung cancer
(including non-small cell lung cancer and small cell lung cancer)
provided informed consent to participate. Ethical approval for
the present study was received from The Leeds East Research
Ethics Committee (approval no. 12/YH/0464; Leeds, UK),
The University of Bradford Research Ethics Sub-Committee
on Research in Human Subjects (approval no. 0405/8;
Bradford, UK) and The Research Support and Governance
Office, Bradford Teaching Hospitals, NHS Foundation
(approval no. RE DA 1202; Bradford, UK). Whole blood
samples were collected and labeled for identification. Samples
were diluted in RPMI and mixed with 10% dimethyl sulfoxide.
The diluted blood solution was divided and transferred to -80°C
storage. The DNA repair capability of human lymphocytes
from five healthy volunteers and five patients with lung cancer
was determined using an Endonuclease I1I (Nth) and hOGG1
FLARETM Test kit (Trevigen; cat. no. CA:4055-100-FK),
according to the manufacturer's instructions. Data analyesd
by using Komet 6 software and Kinetic Imaging (Andor
Technology Ltd, Belfast) to determine the % DNA tail and
Olive tail moment (OTM).

Lymphocyte isolation. A total of 3 ml whole blood was
diluted 1:1 with 0.9% saline and layered on top of 3 ml
Lymphoprep™ (Axis-Shield Diagnostics, Ltd.) in 15 ml
falcon tubes. The tubes were centrifuged for 20 min at
800 x g at 4°C. Lymphocytes were harvested and washed with
saline. Cells were re-suspended in RPMI and used for in vitro
experiments.

Preparation and characterization of liposomes. Liposomes
were prepared using the thin film rehydration method (24) and
all measurements were performed in triplicate.

Determination of IFN-y encapsulation efficiency. The IFN-y
encapsulation efficiency of liposomes was determined by an
indirect procedure based on the determination of uncoated
free IFN-y in the supernatant utilizing reversed-phase
high-performance liquid chromatography, as previously
described (25,26). Each sample was assessed in triplicate
and the loading of IFN-y was expressed as percentage
encapsulation efficiency.



Table I. Primers for RT-qPCR analysis.
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Gene Primer sequence (5'-3") (Refs.)

p53 F: GGATCCTAATACGACTCACTA 27
R: GGCAGTGACCCGGAAGGCA

PARP1 F: CCTGATCCCCCACGACTTT (28)
R: GCAGGTTGTCAAGCATTTC

OGG1 F: GGTGGCCCTAAAGGACTCTC 29)
R: AAGGTGCTTGGGGAATTTCT

GAPDH F: GGAGCGAGATCCCTCCAAAAT (28)

R: GGCTGTTGTCATACTTCTCATGG

All primer sequences were selected based on previous studies and verified using The Primer-BLAST, NCBI database. F, forward; R, reverse;

PARP1, poly ADP-ribose polymerase 1; OGG1, 8-oxo guanine-DNA glycosylase.

Reverse transcription-quantitative (RT-q)PCR. Isolated
lymphocytes were seeded in 6-well plates (1x10° cells/well)
and treated with 100 U/ml IFN-y (N) and IFN-y (L) for 24 h at
37°C. A total of 2 mg total isolated RNA was subjected to RT
using an iScript™ cDNA synthesis kit (Bio-Rad Laboratories,
Inc.) according to the manufacturer's protocol. Each RT-qPCR
experiment was performed three times in a 10 ml reaction
mixture. The primers (MilliporeSigma; Merck KGaA) were
verified using Primer-BLAST, NCBI database (ncbi.nlm.nih.
gov/tools/primer-blast/) and presented in Table I. Data were
analyzed using the 2-24°4 method (16) and normalized against
the internal reference gene GAPDH in each sample.

Western blotting analysis. Lymphocytes were seeded in 6-well
plates at a density of 1x10° cells/well. The treated cells with
IFN-y (N) and IFN-y (L) were incubated overnight at 37°C in
the presence of 5% CO,, washed with cold PBS and lysed by
adding 150 ul lysis buffer with 15 pl fresh protease inhibitor
cocktail (Thermo Fisher Scientific). Total protein levels were
determined using the Bio-Rad Bradford assay kit (Bio-Rad
Laboratories, Inc.) with each experiment repeated three times.
Tris buffers (pH 6.8 and 8.8) were prepared for resolving and
stacking gels. The catalysts APS and TEMED and a final
concentration of 10.4% SDS were added for polyacrylamide
gel polymerization with 30 ug protein/well. The blotting
membranes were incubated overnight at 4°C with the primary
antibody. GAPDH rabbit monoclonal primary antibody (cat.
no. ab8245) was used as a loading control. The primary
antibodies [GAPDH (1:10,000), p53 (1:1,000; cat. no. ab26);
P21 (1:1,000); cat.no. ab109520); BCL-2 (1:1000); cat.
no. ab182858] (Abcam) were diluted with TBS-T containing
1% (w/v) BSA (Sigma fraction V; Sigma Chemicals). Proteins
were transferred to a blotting nitrocellulose membrane
using the iBlot® Gel Transfer Device (Invitrogen) for 7 min
at a constant voltage of 25V. After transfer, the nitrocellu-
lose membranes were incubated with the blocking solution
contained 1% (w/v) BSA in Tris-buffered saline containing 0.1%
Tween 20 and incubated for 1 hour at room temperature with
HRP-Donkey Anti-Rabbit IgG (CAT: ab7083, Abcam, UK).
The blots were rinsed and visulaized by enhanced chemilu-
minescence substrate detection reagent [ECL substrate kit;
cat. no. ab133406 (Abcam, UK). Relative expression of the
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Figure 1. HPLC calibration curve chromatogram of free drug, IFN-vy, with
peak identified at 1.5 min. HPLC, high performance liquid chromatography.
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Figure 2. Measurement of particle size-distribution by DLS using Zetasizer
Nano ZS-90 Model ZEN3600 (Malvern Panalytical Ltd; Spectris). DLS,
dynamic light scattering.

protein was determined using image j software (version 1.54f;
National Institutes of Health).

Statistical analysis. GraphPad Prism 8 (Dotmatics) was used
for statistical analysis and One-way ANOVA followed by
Dunnett's post hoc test were conducted. Data are presented
as the mean and SEM). P<0.05 was considered to indicate a
statistically significant difference.
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Figure 3. DNA damage in samples from healthy individuals and patients with lung cancer. (A) Olive tail moment and (B) percentage DNA tail of samples
from healthy individuals. 1, NC; 2, PC + FPG; 3, PC + hOGGl; 4, 100 U/ml IFN-y (N) + endonuclease III; 5, 100 U/ml IFN-y (N) + hOGGl; 6, 100 U/ml
IFN-y (L) + endonuclease III; and 7, 100 U/ml IFN-y (L) + hOGGl. (C) Olive tail moment and (D) percentage DNA tail of samples from patients with
lung cancer. 1, NC; 2, PC + endonuclease III; 3, PC + hOGGI; 4, 100 U/ml IFN-y (N) + endonuclease III; 5, 100 U/ml IFN-y (N) + hOGGl; 6, 100 U/ml
IFN-y (L) + endonuclease III; and 7, 100 U/ml IFN-y (L) + hOGGL. Experiments were repeated at least three times. Data are presented as the mean + SEM.
“P<0.05, “P<0.01 and ""P<0.001 compared with NC. NC, untreated cells; IFN-y (N), naked IFN-y; IFN-y (L), liposomal IFN-y; hOGG1, human 8-oxo
guanine-DNA glycosylase; PC, positive control of 75 ym H,0,; ns, not significant; FPG, formamidopyrimidine (fapy)-DNA glycosylase) repair enzyme.

Results

Encapsulation efficiency of IFN-y liposome. The encapsulation
efficiency of IFN-y was calculated as follows: Encapsulation
efficiency (%)=[(Total IFN-v)-(Free IFN-vy)]/total IFN-y)
x 100. As the initial concentration of IFN-y was 1.38 ug/ml
and the concentration of free IFN-y was 0.38 pg/ml, Therefore,
the concentration of encapsulated IFN-y was 1 yg/ml and the
encapsulation efficiency was calculated to be 72%. (Fig. 1).

Particle size of IFN-y liposome. The Z-Average particle size
represents the intensity-weighted mean hydrodynamic size of
the entire ensemble of particles, as measured using dynamic
light scattering (DLS) was 146.9 nm with polydispersity
index=0.210. To ensure liposome stability, samples were
stored at 4°C and the particle size was measured three times,
the results showed no notable increases in the particle size over
10 days (Fig. 2).

IFN-y has a low cytotoxicity effect against lymphocytes.
CCK-8 assay (Fig. 3) indicated that the viability of lympho-
cytes from three healthy individuals and three patients with
lung cancer in different treatment groups was >75% after 24 h
treatment. Dose-response experiments were performed to
determine the optimal doses of IFN-y (N) and IFN-y (L) used

throughout the study with a fixed dose of 100 U/ml IFN-vy (N)
and 100 U/ml of IFN-y (L) determined to be the optimal dose
and used during the present study.

IFN-y (L) reduced DNA damage in the lymphocytes of patients
with lung cancer. The results demonstrated the concentra-
tion-response for 100 U/ml IFN-y (N) and IFN-y (L) in the
presence of endonuclease III and hOGGI enzymes using % DNA
tail and OTM, which indicated the extent of DNA damage in
lymphocytes. The DNA of lymphocytes from healthy volunteers
treated with 100 U/ml IFN-y (N) and IFN-vy (L) demonstrated
no significant change in DNA damage compared with untreated
cells (Fig. 3A and B). However, lymphocyte DNA from patients
with lung cancer (Fig. 3C and D) showed a significant decrease in
% DNA tail for IFN-y (N) (P<0.05) and (P<0.01) for IFN-y (L)
in lymphocytes from patients with lung cancer. Moreover, the
IFN-vy (L) with endonuclease I1I showed a significant reduction in
OTM compared with untreated cells (P<0.01). hOGGI1 enzymes
with IFN-y (L) also demonstrated a significant decrease in DNA
damage in lymphocytes from patients with lung cancer (P<0.05).

IFN-y upregulates the gene expression of p53, PARPI and
OGG] genes in lymphocytes from patients with lung cancer.
The gene expression levels of p53, PARP1 and OGGI were
evaluated using RT-qPCR. The results indicated that 100 U/ml
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Figure 4. Effect of 100 U/ml IFN-y (N) and IFN-v (L) on gene expression
levels of p53, OGGI and PARPI in lymphocytes from healthy individuals.
No significant effects were recorded compared with the NC. Data are
presented as the mean = SEM of three experiments. “P<0.01 and ““P<0.001
compared with the NC. ns, not significant; OGGlI, 8-oxo guanine-DNA
glycosylase; IFN-y (N), naked IFN-y; IFN-y (L), liposomal IFN-y; PARPI,
poly ADP-ribose polymerase 1; NC, negative control.

IFN-y (N) and 100 U/ml IFN-y (L) treatments had no detect-
able effects on the mRNA expression levels of p53, PARP1
and OGG] in lymphocytes from healthy individuals (Fig. 4).
IFN-vy treatment significantly increased the mRNA expression
levels of p53, PARP1 and OGGI in lymphocytes from patients
with lung cancer (P<0.001). However, IFN-y (L) upregulated
the targeted genes markedly more than the naked form (Fig. 5).

IFN-y increases protein expression levels of p53, OGGI and
PARPI in lymphocytes from patients with lung cancer. The
results of the present study demonstrated that p53, OGGI and
PARP1 protein expression levels in the lymphocytes of healthy
individuals were not significantly affected by 100 U/ml
IFN-y (N) or 100 U/ml IFN-y (L) (Fig. 6). However, p53,
OGGTI and PARPI protein expression levels in lymphocytes
from patients with lung cancer showed a statistically signifi-
cant increase when compared with the untreated cells (Fig. 7).
Treatment with 100 U/ml IFN-y (N) and 100 U/ml IFN-y (L)
significantly increased p53 levels in lymphocytes from patients
with lung cancer by 1.8 and 1.9-fold, respectively. Moreover,
compared with the control group, the OGGI levels for both
the naked and liposomal forms of 100 U/ml IFN-vy increased
by 1.9-fold. Furthermore, 100 U/ml IFN-y (N) increased
the protein expression levels of PARP1 by 1.2-fold, whereas
100 U/ml IFN-y (L) increased it by ~1.8-fold. IFN-y (L) had
a greater impact on the protein levels of targeted proteins
compared with the naked form.

Discussion

The purpose of the present study was to analyze the effect of
IFN-vy on the peripheral lymphocytes of patients with lung
cancer and the ability of IFN-vy to protect against oxidative
stress.

Lymphocytes were selected as the model cells for the
present investigation. High levels of DNA damage in lympho-
cytes may be caused by genetically impaired DNA repair
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Figure 5. Significant upregulation of p53, OGGI and PARPI in lymphocytes
from patients with lung cancer after treatment with 100 U/ml IFN-y (N)
and 100 U/ml IFN-y (L) compared with the NC. Data are presented as the
mean + SEM of three experiments. ““P<0.001 compared with the NC. ns, not
significant; OGGlI, 8-oxo guanine-DNA glycosylase; IFN-y (N), naked
IFN-vy; IFN-vy (L), liposomal IFN-v; PARPI, poly ADP-ribose polymerase 1;
NC, untreated cells.
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Figure 6. Effect of 100 U/ml IFN-y (N) and 100 U/ml IFN-vy (L) on the
protein expression levels of p53, OGG1 and PARPI in lymphocytes from
healthy individuals. All data from the treatment groups were compared with
the NC and normalized against the internal reference protein, GAPDH. The
experiment was repeated three times in three different individuals. The treat-
ment groups included NC, 100 U/ml IFN-y (N) and 100 U/ml IFN-y (L).
IFN-vy in both forms did not demonstrate any significant effect on p53, OGGl1
and PARPI protein levels compared with the NC. (A) Immunoblot analysis
of p53, OGGI and PARPI proteins in lymphocytes from healthy individuals
treated with 100 U/ml IFN-y (N) and 100 U/ml IFN-y (L). (B) Bar graphs
presented fold changes in protein expression levels. Data are presented as the
mean = SEM of three experiments. NC, untreated cells; ns, not significant;
OGGl, 8-oxo guanine-DNA glycosylase; IFN-y (N), naked IFN-y; IFN-y (L),
liposomal IFN-v; PARPI, poly ADP-ribose polymerase 1.
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Figure 7. Effect of 100 U/ml IFN-y (N) and 100 U/ml IFN-y (L) on the protein expression levels of p53, OGG1 and PARPI in lymphocytes from patients with
lung cancer. All data from the treatment groups were compared with the NC and normalized against the internal reference protein, GAPDH. The experiment
was repeated three times in three different individuals. The treatment groups included NC, 100 U/ml IFN-y (N) and 100 U/ml IFN-y (L). IFN-vy in both forms
significantly increased the protein expression levels of p53, OGG1 and PARPI. The protein expression levels of p53, OGG1 and PARPI in lymphocytes from
patients with lung cancer showed a significant increase after treatment with IFN-y compared with the NC. (A) Immunoblot analysis of the p53, OGG1 and
PARPI1 proteins in lymphocytes from patients with lung cancer treated with 100 U/ml IFN-y (N) and 100 U/ml IFN-vy (L). (B) Bar graphs presenting fold

changes in protein expression levels. Data are presented as the mean + SEM of three experiments. “P<0.001 compared with the NC. ns, not significant;
NC, untreated cells; OGGl, 8-oxo guanine-DNA glycosylase; IFN-y (N), naked IFN-vy; IFN-y (L), liposomal IFN-v; PARPI1, poly ADP-ribose polymerase 1.

mechanisms (27). Peripheral lymphocytes are an excellent
model for evaluating the sensitivity of the genome to mutagens,
which is determined by measuring genotoxic events triggered
by chemical or physical agents (28).

The results of the hOGG-1 and endonuclease III comet
modified test showed that IFN-y (N) and IFN-vy (L) were able
to repair DNA damage in human lymphocytes derived from
patients with lung cancer and healthy persons compared with
untreated cells. IFN-y (L) decreased DNA damage more
effectively than IFN-y (N) compared with untreated cells.
These findings were consistent with previous reports in which
lymphocytes from patients with lung cancer were treated with
IFN-v in both forms and which revealed that DNA damage was
reduced compared with untreated cells (29,30). Nonetheless,
the reduction in DNA damage caused by IFN-y (L) was
greater than the reduction caused by IFN-y (N). This may be
a consequence of the increased biocompatibility and cellular
reactivity of liposomes as compared with compounds larger
particles (24).

The tumor-suppressor, pS3, provides a protective effect
against the development of cancer by serving a crucial part
in genomic stability-maintaining homeostasis and repairing
processes (31). In addition, certain DNA repair mechanisms,
including the BER pathway which depends on the activity
of the OGGI and PARPI1 proteins, are important to protect
genetic integrity and prevent mutations that can cause disease
or cell death (32). Therefore, it is important to unravel the
effect of IFN-y on the gene expression and protein expression
levels of p53, OGGI and PARPI.

In the present study, there was a significant upregulation
of the p53 gene and increase in the protein expression level
of p53 in lymphocytes from patients with lung cancer after
24 h of treatment with both the liposome and naked forms
of IFN-v. These findings suggested that IFN-y may encourage
p53-mediated cell cycle arrest and DNA repair in patients with

lung cancer and that the protective effects caused by IFN-y
might be dependent on the tumor suppressor activity of the p53
gene. This is similar to a previous study which reported that
IFN-y activated p53 expression in melanoma cancer, resulted
in the triggering of certain cellular stressors, such as those
brought on by DNA damage and replication stress caused by
misregulated oncogenes (33).

Previous research has shown that p53 may also influence
the transcriptional expression of BER genes, including OGGl1
and PARP1 (34). Similarly, the findings of the present study
demonstrated that protein and mRNA expression levels of
OGGI1 were increased in lymphocytes from patients with
lung cancer after treatment with IFN-y (L) and IFN-y (N).
Moreover, PARPI levels were significantly affected by both
forms of IFN-y in lymphocytes from patients with lung cancer
and healthy individuals.

However, the p53, OGGI1 and PARPI1 protein and mRNA
expression levels in lymphocytes from healthy individuals
after treatment with IFN-y liposome and naked forms were
barely detectable. The findings were supported by previ-
ously reported research in which the MDM?2 proto-oncogene
maintains p53 at a low level in normal cells (35,36).

Furthermore, the present study demonstrated that
expression of p53, OGG1 and PARPI genes in lymphocytes
from healthy individuals and patients with lung cancer was
up-regulated by stimulation with H,O, which used as a positive
control , these results were consistent with a previous study,
which reported that H,O, induced apoptosis in H,C, cells by
an increase in p53 expression (30,37). Taken together, the find-
ings of the present study suggested that IFN-y may prevent
lung cancer by stopping tumor cell cycles via induction of the
expression of p53, OGGI1 and PARPI genes and increasing
protein levels, and that liposomes may be a more effective
alternative drug delivery strategy in certain conditions such as
severe side effects and chemotherapy resistance.
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The potential mechanism of the effect of IFN-y on lympho-
cytes is complicated, and further work is needed to evaluate
the mechanism in vitro and in vivo. The mechanism of IFN-y
effect on lymphocytes is intricate and not fully understood.
The study may not have comprehensively explained all facets
of this complex mechanism, indicating the need for further
research in this area. The study primarily relied on in vitro
(cell culture) models, which may not completely represent the
intricacies of immune responses that occur in living organisms
(in vivo). Findings from in vitro experiments might not always
directly apply in vivo situations.
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