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Abstract

Background: The Wnt/β-catenin signaling pathway is a key regulator of cellular processes, with its dysregulation implicated

in various cancers, including lung cancer. Sirtuin 2 (SIRT2), a NAD+-dependent deacetylase, has emerged as a potential

downstream target of this pathway.

Objectives: The present study explores the regulation of SIRT2 expression by Wnt/β-catenin signaling and respiratory syncytial

virus (RSV) infection, and their roles in lung cancer progression.

Methods: Five hundred forty-nine lung cancer cells and MRC5 normal lung cells were used to investigate the interplay

between RSV infection, Wnt/β-catenin signaling, and SIRT2. Expression levels of SIRT2 and β-catenin were assessed by Western

blotting, real-time PCR, and confocal microscopy. The impact of Wnt3a (activator), XAV939 (inhibitor), and SIRT2 modulation on

cell proliferation, oncogenic marker expression, and apoptosis were evaluated.

Results: Wnt3a treatment increased SIRT2 and β-catenin expression at transcriptional and protein levels in A549 cells, while

XAV939 reversed this effect. The RSV infection synergistically enhanced SIRT2 expression, with Wnt3a amplifying the effect and

XAV939 inhibiting it. Confocal microscopy revealed RSV-induced cytoplasmic accumulation of SIRT2 and β-catenin. The SIRT2

overexpression augmented RSV- and Wnt3a-mediated proliferation and increased cyclin D1 expression, while SIRT2 knockdown

suppressed these effects. Sirtuin 2 and Wnt/β-catenin signaling synergistically upregulated Ki-67, Snail, and c-Myc, promoting

tumor progression. SIRT2 enhanced anti-apoptotic markers (Bcl-2) and inhibited pro-apoptotic markers (cleaved caspase-3 and

PARP). The SIRT2 knockdown reversed these effects, inducing apoptosis.

Conclusions: The RSV infection activates the Wnt/β-catenin pathway to upregulate SIRT2, which promotes lung cancer

progression by enhancing cell proliferation, oncogenic marker expression, and anti-apoptotic activity. Targeting SIRT2 and its

regulatory pathways offers a promising therapeutic strategy for combating lung cancer.
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1. Background

Lung cancer, characterized by uncontrolled cell

proliferation in lung tissues, remains a significant

public health challenge globally (1, 2). The high

mortality rate associated with lung cancer is primarily

due to its often late diagnosis and the limited

effectiveness of current treatment options (3).

Consequently, there is a critical need for new

therapeutic targets to enhance treatment efficacy and
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improve patient survival. Respiratory syncytial virus

(RSV), a common respiratory pathogen, has recently

garnered attention for its potential role in modulating

cellular signaling pathways implicated in cancer (4).

Recent studies have highlighted that RSV not only

contributes to respiratory infections but also may have

an oncogenic role through its ability to alter cellular

signaling mechanisms (5, 6). Despite its widespread

prevalence and significant impact on human health, the

role of RSV in cancer biology remains poorly

understood, necessitating further investigation. The RSV

infection has been reported to affect critical molecular

cascades, including those involved in cell proliferation

and apoptosis, creating a unique environment that may

either promote or suppress oncogenesis depending on

the context (7). However, its role in lung cancer remains

underexplored, particularly in relation to the Wnt/β-

catenin signaling network and sirtuin 2 (SIRT2) activity.

By exploring the effects of RSV on cellular processes,

the present study seeks to uncover its contribution to

the molecular etiology of lung cancer. One of the key

molecular pathways implicated in cancer is the Wnt/β-

catenin signaling network. This pathway plays a crucial

role in various cellular processes, including cell growth,

differentiation, and viability (8). The Wnt/β-catenin

pathway is activated when Wnt proteins interact with

cell surface receptors, resulting in the stabilization and

accumulation of β-catenin within the cytoplasm (9). The

accumulated β-catenin subsequently translocates to the

nucleus, where it regulates the expression of target

genes essential for cell growth and survival (9, 10).

Dysregulation of this pathway, often through mutations

or aberrant activation, has been strongly associated

with the initiation and progression of various cancers,

including lung cancer (7).

The SIRT2, a NAD+-dependent deacetylase, is another

crucial regulator of cellular functions. Sirtuins are

known for their role in longevity and metabolic

regulation (11). The SIRT2 has been specifically linked to

the regulation of the cell cycle, apoptosis, and metabolic

processes (11, 12). It acts by deacetylating key proteins

involved in these processes, thus influencing their

activity and stability (11, 12). However, the role of SIRT2 in

cancer is multifaceted and context-dependent, with

research indicating that it can either promote or

suppress tumor development depending on the type of

cancer and the specific cellular environment (13).

Although previous studies have described the

independent roles of the Wnt/β-catenin pathway and

SIRT2 in cancer, the interplay between these pathways

during RSV infection remains under-investigated (5, 6).

This gap in knowledge forms the basis of our study,

which aims to elucidate the molecular mechanisms by

which RSV influences these critical pathways to drive

lung cancer progression.

Emerging evidence suggests a potential interplay

between RSV infection, Wnt/β-catenin signaling, and

SIRT2 in the context of lung cancer. Our study

demonstrates that RSV infection significantly alters the

expression and localization of key signaling molecules,

including β-catenin and SIRT2, within lung cancer cells.

The RSV-induced upregulation of SIRT2 and β-catenin

was further modulated by the activation or inhibition of

the Wnt/β-catenin pathway. Notably, SIRT2

overexpression amplified oncogenic markers such as

cyclin D1, c-Myc, and Bcl-2, while suppressing apoptotic

markers like cleaved caspase-3 and cleaved PARP,

highlighting its tumor-promoting role. Conversely,

SIRT2 knockdown counteracted these effects, enhancing

apoptosis and reducing oncogenic marker expression.

These findings underscore the critical role of the RSV-

Wnt/β-catenin-SIRT2 axis in promoting lung cancer cell

proliferation and survival, suggesting that therapeutic

strategies targeting this interplay could disrupt tumor

progression and provide novel approaches for lung

cancer treatment.

2. Objectives

The present study explores the regulation of SIRT2

expression by Wnt/β-catenin signaling and RSV

infection, and their roles in lung cancer progression.

3. Methods

3.1. Cell Culture and Respiratory Syncytial Virus Infection

The RSV strain A2 was used to infect MRC-5 and A549

cells at a multiplicity of infection (MOI) of 1. Cells were

incubated with the virus in serum-free Dulbecco’s

Modified Eagle medium (DMEM) for 2 hours at 37°C,

followed by the addition of fresh medium containing 2%

fetal bovine serum (FBS). Cell culture was conducted as

previously described (14).

3.2. Time-Course Sampling

Infected cells were harvested at 0, 6, 12, 24, 48, and 72

hours post-infection (hpi). At each time point, cells were

washed with cold phosphate-buffered saline (PBS) and
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lysed using radioimmunoprecipitation assay (RIPA)

buffer containing protease and phosphatase inhibitors.

Lysates were clarified by centrifugation at 14,000 × g for

15 minutes at 4°C, and supernatants were collected for

protein analysis.

3.3. Wnt/β-Catenin Pathway Activation/Inhibition

Cells were treated with Wnt3a or XAV939 to activate

or inhibit the Wnt/β-catenin pathway, respectively, as

described earlier (15).

3.4. Sirtuin 2 Manipulation

The SIRT2 expression in A549 cells was manipulated

via overexpression or knockdown. For overexpression,

cells were transfected with the pCMV-SIRT2 plasmid

using Lipofectamine 2000. For knockdown, cells were

transfected with siRNA targeting SIRT2 (Santa Cruz

Biotechnology, sc-40988) using Lipofectamine

RNAiMAX. After 6 hours, the transfection media were

replaced with RPMI-1640 containing 10% FBS, and cells

were cultured for 48 hours before analysis (15).

3.5. Western Blot Analysis

Protein lysates were prepared, and β-catenin, SIRT2,

cyclin D1, c-Myc, cleaved/total caspase-3, cleaved/total

PARP, Ki67, Snail, Bcl-2, and GAPDH were analyzed by

Western blotting using antibodies specified earlier (13-

16). Bands were visualized as described (16, 17).

3.6. Real-time PCR

RNA was extracted using TRIzol (Thermo Fisher

Scientific, Cat# 15596018). The SIRT2 and β-catenin mRNA

levels were quantified, with GAPDH as an internal

control. Gene expression was calculated using the 2-ΔΔCt

method (18, 19).

3.7. Immunofluorescence and Confocal Microscopy

A549 cells, both RSV-infected and uninfected

controls, were fixed with 4% paraformaldehyde and

permeabilized using 0.1% Triton X-100. Cells were stained

with primary antibodies against SIRT2, β-catenin, and

RSV, followed by incubation with Alexa Fluor 350-, FITC-,

or TRITC-conjugated secondary antibodies. Images were

acquired using a Zeiss LSM 880 confocal microscope at

63x magnification with a pinhole setting of 1 Airy unit.

Colocalization analysis was performed using Pearson’s

correlation coefficient (17).

3.8. Cell Proliferation Assay

MTT assays were conducted to evaluate cell viability.

A549 cells, transfected with SIRT2 plasmid or siRNA,

were infected with RSV (MOI = 1). After incubation with

RSV, cells were cultured for 48 hours. Formazan crystals

were solubilized with dimethyl sulfoxide (DMSO), and

absorbance at 570 nm was measured to assess viability

(14-17).

3.9. Apoptosis Assay

Western blotting detected apoptotic markers (Bcl-2,

cleaved caspase-3, cleaved PARP) in A549 cells after SIRT2

modulation. GAPDH served as the loading control (18-

20).

3.10. Statistical Analysis

Data are presented as mean ± SD from at least three

independent experiments. Statistical significance was

determined using: (1) Student’s t-test (for comparisons

between two groups), (2) one-way ANOVA followed by

Tukey’s post hoc test (for comparisons between multiple

groups), (3) all analyses were performed using GraphPad

Prism 7.0. Significance levels were defined as * P < 0.05,

** P < 0.005, *** P < 0.0005.

4. Results

4.1. Regulation of Sirtuin 2 Expression by the Wnt/β-Catenin
Pathway and Respiratory Syncytial Virus Infection in Lung
Cells

The Wnt/β-catenin pathway plays a dynamic role in

various cellular processes. Dysregulation of this

pathway has been implicated in various cancers,

including lung cancer. The SIRT2 has recently emerged

as a potential downstream target of the Wnt/β-catenin

cascade in cancer cells. We initially observed

significantly lower expression levels of SIRT2 and β-

catenin in MRC5 cells compared to A549 cells (Figure 1

lane 1 vs. lane 2). This difference underscores the

suitability of A549 cells as an ideal model for studying

lung cancer, given their higher expression of these key

proteins.

Upon treatment with Wnt3a, a potent activator of the

Wnt/β-catenin pathway, both β-catenin and SIRT2

protein levels increased notably in A549 cells compared

to MRC5 cells (Figure 1 lanes 1 vs. 3 and lane 2 vs. 4). This

observation suggests that activation of the Wnt/β-
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Figure 1. A, western blot analysis of sirtuin 2 (SIRT2) and β-catenin expression in MRC-5 and A549 cells. Lanes: 1 (untreated MRC-5); 2 (untreated A549); 3 (Wnt3a-treated MRC-5); 4
(Wnt3a-treated A549). Cells were treated with Wnt3a (100 ng/mL) for 24 hours before protein extraction. Blots were quantified using ImageJ, normalized to GAPDH, and

presented as fold changes relative to controls (mean ± SD, n = 3); B, effect of XAV939 on SIRT2 and β-catenin expression in MRC-5 and A549 cells. Lanes: 1 (untreated MRC-5), 2

(untreated A549), 3 (XAV939-treated MRC-5), 4 (XAV939-treated A549). Cells were treated with XAV939 (10 µM) for 24 hours before harvesting; C, SIRT2 and β-catenin expression in
A549 cells under various conditions: Lane 1 (mock); 2 [respiratory syncytial virus (RSV)-infected]; 3 (RSV + Wnt3a); 4 (RSV + XAV939). The RSV infection was performed at an
multiplicity of infection (MOI) of 1.0 for 24 hours. Lower panel: Real-time PCR of SIRT2 mRNA. RNA was extracted using TRIzol, cDNA was synthesized using a high-capacity cDNA

reverse transcription kit, and gene expression analyzed via 2-ΔΔCt using GAPDH as the housekeeping gene. Error bars represent mean ± SD from three independent experiments,
with each sample run in triplicate. Statistical significance: * P < 0.05, ** P < 0.005, * P < 0.0005 (one-way ANOVA); D, A549 cells were infected with RSV at a MOI of 1.0 and harvested

at 0, 6, 12, 24, 48, and 72 hours post-infection (hpi). Protein levels of SIRT2 and β-catenin were assessed by Western blot analysis. Densitometric quantification was performed
using ImageJ software, with protein expression levels normalized to GAPDH and presented as percentages relative to the 0-hour time point. Data represent the mean ± SD from
three independent experiments. Statistical significance was determined using one-way ANOVA with Tukey’s post hoc test; ** P < 0.01, *** P < 0.001 compared to the 0-hour time
point.

catenin pathway promotes the expression of SIRT2 in

lung cancer cells. Real-time PCR analysis (lower panel of

Figure 1A) further supported these findings by

demonstrating a significant upregulation of SIRT2

mRNA levels following Wnt3a treatment in A549 cells.

Gene expression was normalized to GAPDH, which was

used as the housekeeping control. This transcriptional

upregulation correlates with the increased protein

expression observed, indicating that Wnt/β-catenin

signaling regulates SIRT2 at the transcriptional level.

To confirm the specificity of the Wnt/β-catenin

pathway in regulating SIRT2 expression, we utilized

XAV939, a Wnt signaling inhibitor (Figure 1B). Treatment

with XAV939 resulted in decreased expression of both

SIRT2 and β-catenin in both MRC5 and A549 cells (Figure

1 lane 1 vs. 3 and lane 2 vs. 4). This reduction in protein

levels further supports our hypothesis that SIRT2

expression is dependent on Wnt/β-catenin signal

transduction activity in lung cells. Consistent with our

protein data, real-time PCR analysis (lower panel of

Figure 1B) showed a significant downregulation of SIRT2

mRNA levels upon inhibition of Wnt/β-catenin with

XAV939 in both cell lines. This confirms that the

observed changes in SIRT2 expression are not merely

post-translational but involve transcriptional regulation

mediated by the Wnt/β-catenin pathway.

To investigate the impact of RSV infection and its

interaction with the Wnt/β-catenin pathway, we

analyzed SIRT2 and β-catenin expression under various

conditions in A549 cells. In the mock condition, baseline

levels of SIRT2 and β-catenin were observed (Figure 1

lane 1). Upon RSV infection alone, SIRT2 and β-catenin
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Figure 2. A, confocal microscopy images showing subcellular localizations of sirtuin 2 (SIRT2), β-catenin, and respiratory syncytial virus (RSV) localization in A549 cells. A and E,

SIRT2 (Alexa Fluor 350), (B and F) β-catenin (FITC), (C and G) RSV (TRITC), (D and H) merged. Images were acquired using a Zeiss LSM 880 confocal microscope at 63x magnification
with a pinhole setting of 1 Airy unit. Colocalization analysis was performed using Pearson’s correlation coefficient (mean ± SD, n = 3); B, western blot and real-time PCR of SIRT2

and β-catenin in A549 cells: Lane 1 (mock); 2 (RSV-infected); 3 (RSV + Wnt3a); 4 (RSV + Wnt3a + SIRT2 overexpression); 5 (RSV + Wnt3a + SIRT2 knockdown). Significance levels: * P <
0.05, ** P < 0.005, *** P < 0.0005.

expression increased significantly (Figure 1 lane 1 vs. 2).

When RSV infection was combined with Wnt3a

treatment, SIRT2 and β-catenin expression were further

enhanced (Figure 1 lanes 1 and 2 vs. 3), indicating a

synergistic effect of RSV and Wnt3a in promoting their

expression. However, in the presence of XAV939, both

SIRT2 and β-catenin levels were dramatically reduced

(Figure 1 lanes 1 and 2 vs. 4), even under RSV infection

conditions, confirming that the Wnt/β-catenin pathway

is critical for RSV-mediated upregulation of SIRT2. In the

lower panel, real-time PCR analysis revealed a similar

pattern for SIRT2 mRNA levels. The RSV infection

increased SIRT2 mRNA significantly, which was further

amplified with RSV plus Wnt3a treatment. Conversely,

RSV combined with XAV939 led to a sharp decrease in

SIRT2 mRNA levels, further corroborating that SIRT2

transcriptional regulation by RSV is mediated through

the Wnt/β-catenin pathway.

To assess the impact of RSV infection on the

expression levels of SIRT2 and β-catenin, A549 cells were

infected with RSV at an MOI of 1 and harvested at

specified time points up to 72 hpi (Figure 1D). Western

blot analysis revealed a time-dependent increase in the

expression of both SIRT2 and β-catenin proteins. At 0

https://brieflands.com/articles/jjm-158800


Cao W et al. Brieflands

6 Jundishapur J Microbiol. 2025; 18(5): e158800

hpi, baseline levels of SIRT2 and β-catenin were

observed. By 6 hours, SIRT2 expression increased to 120%

of the baseline, and β-catenin levels rose to 130%. At 12

hours, SIRT2 and β-catenin levels reached 180% and 190%,

respectively. The upward trend continued, with SIRT2

reaching 244% and β-catenin 220% at 24 hours. The peak

expression was observed at 48 hours, with SIRT2 at 290%

and β-catenin at 310% of baseline levels. At 72 hours,

SIRT2 expression slightly decreased to 280%, while β-

catenin levels remained elevated at 312%. These findings

indicate that RSV infection induces a significant, time-

dependent upregulation of both SIRT2 and β-catenin in

A549 cells, suggesting a potential role for these proteins

in the cellular response to RSV infection.

These findings collectively suggest that RSV infection

may activate the Wnt/β-catenin pathway to upregulate

SIRT2 expression in lung cancer cells, with Wnt3a

amplifying this effect and XAV939 effectively inhibiting

it. However, these findings are based on in vitro models,

and further validation in in vivo systems is necessary.

4.2. Enhancement of Sirtuin 2 and β-Catenin Localization
and Expression in A549 Cells by Respiratory Syncytial Virus
Infection

We investigated the subcellular localization of SIRT2

and β-catenin in RSV-infected A549 cells using confocal

microscopy. The RSV infection induced a distinct

granular-like cytoplasmic pattern for SIRT2 and β-

catenin, suggesting their involvement in RSV-induced

cytoplasmic structures (Figure 2A). In contrast,

uninfected A549 cells exhibited both nuclear and

cytoplasmic localization of SIRT2 and β-catenin,

indicating that RSV infection triggers their

redistribution primarily to the cytoplasm.

We then analyzed the effects of RSV infection and

Wnt/β-catenin pathway modulation on the expression

of SIRT2 and β-catenin via Western blotting and mRNA

analysis (Figure 2B). Western blot data revealed that RSV

infection alone moderately increased SIRT2 and β-

catenin protein levels compared to the mock condition

(Figure 2 lane 1 vs. 2). The combination of RSV and Wnt3a

further amplified this expression, indicating a

synergistic effect of the Wnt/β-catenin pathway (Figure 2

lanes 1 and 2 vs. 3).

The SIRT2 overexpression in the presence of RSV and

Wnt3a led to the highest protein levels (Figure 2 lanes 1,

2, and 3 vs. 4), whereas SIRT2 knockdown in the same

condition attenuated the upregulation. The mRNA levels

of SIRT2 and β-catenin, assessed via real-time PCR

(Figure 2B), mirrored the protein-level findings. Gene

expression was normalized to GAPDH, which was

validated for stable expression across experimental

conditions. The RSV infection increased SIRT2 and β-

catenin mRNA levels, which were further enhanced by

Wnt3a. The SIRT2 overexpression amplified this

upregulation, while SIRT2 knockdown diminished it,

confirming transcriptional regulation of these proteins.

The efficiency of SIRT2 knockdown was validated by

Western blot analysis in mock-treated, non-specific

siRNA-treated, and SIRT2 siRNA-treated A549 cells,

confirming effective silencing at the protein level. The

knockdown efficiency was calculated to be

approximately 20% (Appendix 1 in Supplementary File).

These findings demonstrate that RSV infection not only

alters SIRT2 and β-catenin localization but also

modulates their expression, with the Wnt/β-catenin

pathway playing a pivotal role.

4.3. Augmentation of Lung Cancer Cell Proliferation and
Cyclin D1 Expression by Sirtuin 2 in Response to Respiratory
Syncytial Virus

We investigated the impact of SIRT2 on cell

proliferation using MTT assays and Western blotting for

cyclin D1, a proliferation marker. Treatment with Wnt3a

significantly enhanced cell proliferation, as evidenced

by increased MTT assay absorbance (Figure 3 bar 1 vs. 2).

Overexpression of SIRT2 further augmented this effect,

demonstrating significantly higher proliferation

compared to Wnt3a treatment alone (Figure 3 bar 3 vs.

4). Conversely, knockdown of SIRT2 using specific siRNA

(Figure 3B) resulted in reduced cell proliferation,

indicating a critical role for SIRT2 in promoting cellular

growth. Western blot analysis (lower panels of Figure 3A

and B) confirmed these observations, showing increased

expression of cyclin D1 in response to Wnt3a treatment

and even higher levels with SIRT2 overexpression.

Conversely, knockdown of SIRT2 led to decreased cyclin

D1 expression, aligning with the observed changes in

cell proliferation.

To further explore the role of SIRT2 in RSV-induced

lung cancer cell proliferation, we analyzed the effects of

RSV infection and Wnt3a modulation on cell growth and

cyclin D1 expression. MTT assay results (Figure 3C, upper

panel) revealed that RSV infection alone modestly

increased cell proliferation compared to the mock

condition. The addition of Wnt3a further enhanced

proliferation, while SIRT2 overexpression in the

presence of RSV and Wnt3a led to the highest
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Figure 3. A, MTT assay showing A549 cell proliferation under Wnt3a treatment and sirtuin 2 (SIRT2) overexpression. Cells were seeded at a density of 5 × 103 cells/well in 96-well
plates and treated with Wnt3a (100 ng/mL) for 48 hours. Absorbance at 570 nm was measured using a BioTek Synergy H1 microplate reader. Data are presented as mean ± SD (n =
5 wells per condition, repeated in triplicate); B, MTT assay showing the effect of SIRT2 knockdown on cell proliferation; C, MTT assay of respiratory syncytial virus (RSV), Wnt3a,
and SIRT2 modulation on A549 cell proliferation. Bars represent mock, RSV, RSV + Wnt3a, RSV + Wnt3a + SIRT2 overexpression, and RSV + Wnt3a + SIRT2 knockdown. Western blot
(lower panels) shows cyclin D1 and SIRT2 expression. Significance levels: * P < 0.05, ** P < 0.005, *** P < 0.0005.

proliferation levels. In contrast, knockdown of SIRT2

significantly diminished the RSV and Wnt3a-induced

proliferation, underscoring the critical role of SIRT2 in

this process.

Western blot analysis of cyclin D1 expression (Figure

3C, lower panel) corroborated the MTT findings. The RSV

infection alone increased cyclin D1 levels (lane 1 vs. 2),

and this upregulation was amplified by Wnt3a

treatment (lane 3). The combination of RSV, Wnt3a, and

SIRT2 overexpression resulted in the highest cyclin D1

expression, aligning with the proliferation results (lane

4). However, SIRT2 knockdown reduced cyclin D1 levels

significantly, despite the presence of RSV and Wnt3a

(lane 5). These findings confirm that SIRT2 is a key

mediator of RSV-induced lung cancer cell proliferation,

acting through the modulation of cyclin D1 expression.

The synergistic effects of Wnt3a and SIRT2

overexpression highlight the interplay between RSV

infection, Wnt/β-catenin signaling, and SIRT2 in driving

lung cancer cell growth.

4.4. Synergistic Enhancement of Oncogenic Markers by

Sirtuin 2 and Wnt/β-Catenin Signaling in Respiratory
Syncytial Virus-Infected Cells

We evaluated the impact of RSV infection, Wnt3a

treatment, and SIRT2 modulation on the expression of

oncogenic markers Ki-67, Snail, and c-Myc to elucidate

their role in lung cancer progression (Figure 4). Western

blot analysis (Figure 4, upper panel) revealed that RSV

infection alone modestly increased the protein levels of

these markers compared to the mock condition (lane 1

vs. 2). Wnt3a treatment further enhanced their

expression (lane 2 vs. 3), and SIRT2 overexpression in the

presence of RSV and Wnt3a led to the highest levels of Ki-

67, Snail, and c-Myc (lane 3 vs. 4), indicating a synergistic

effect of SIRT2 and Wnt/β-catenin activation. Conversely,
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Figure 4. A, western blot of c-Myc, Ki67, and SNAIL in A549 cells: Lane 1 (mock); 2 [respiratory syncytial virus (RSV)-infected]; 3 (RSV + Wnt3a); 4 [RSV + Wnt3a + sirtuin 2 (SIRT2)
overexpression]; 5 (RSV + Wnt3a + SIRT2 knockdown). Blots were normalized to GAPDH and analyzed using ImageJ (mean ± SD, n = 3); B, quantification of protein levels from A,
using ImageJ. Significance levels: * P < 0.05, ** P < 0.005, *** P < 0.0005.

SIRT2 knockdown in the presence of RSV and Wnt3a

significantly reduced the expression of these oncogenic

markers (lane 4 vs. 5). The lower panel of Figure 4B

shows the quantification of protein expression.

These results highlight the potential synergistic

interaction between SIRT2 and Wnt/β-catenin signaling

in regulating lung cancer progression by upregulating

Ki-67, Snail, and c-Myc at translational levels. Further in

vivo studies are required to establish the clinical

relevance of these findings.
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Figure 5. A, western blot of apoptotic markers (Bcl-2, cleaved caspase-3, cleaved PARP) in A549 cells under sirtuin 2 (SIRT2) modulation. Lanes as in Figure 4; B, quantification of
apoptotic marker levels using ImageJ. Data represent means from three experiments. Significance levels: * P < 0.05, ** P < 0.005, *** P < 0.0005.

4.5. Modulation of Apoptosis in Lung Cancer Cells by Sirtuin
2 During Respiratory Syncytial Virus Infection

To investigate the effects of SIRT2 modulation and

Wnt/β-catenin activation on apoptosis in RSV-infected

lung cancer cells, we assessed the levels of Bcl-2 (an anti-

apoptotic marker), cleaved caspase-3, and cleaved PARP

(pro-apoptotic markers) under different experimental

conditions (Figure 5). Western blot analysis (Figure 5,

right panel) showed that RSV infection alone resulted in

a modest increase in Bcl-2 levels and a slight reduction

in cleaved caspase-3 and cleaved PARP levels compared

to mock-treated cells, indicating a pro-survival effect of

RSV (lane 1 vs. 2). Wnt3a treatment in RSV-infected cells

further elevated Bcl-2 expression and decreased cleaved

caspase-3 and cleaved PARP levels (lane 2 vs. 3),

suggesting that activation of the Wnt/β-catenin pathway

promotes cell survival.

Overexpression of SIRT2 in the presence of RSV and

Wnt3a showed the highest levels of Bcl-2 and the lowest

levels of cleaved caspase-3 and cleaved PARP, indicating

enhanced anti-apoptotic activity (lane 3 vs. 4).

Conversely, knockdown of SIRT2 in RSV-infected cells

treated with Wnt3a significantly reduced Bcl-2 levels and

markedly increased the levels of cleaved caspase-3 and

cleaved PARP (lane 4 vs. 5), highlighting the pro-

apoptotic effect of SIRT2 inhibition. Quantification of

Bcl-2, cleaved and total caspase-3, and PARP levels is

shown in Figure 5, left panel.

These findings suggest that SIRT2 and Wnt/β-catenin

signaling collaborate to inhibit apoptosis and promote

cell survival in RSV-infected lung cancer cells. Targeting

SIRT2 could be explored as a potential strategy to

https://brieflands.com/articles/jjm-158800


Cao W et al. Brieflands

10 Jundishapur J Microbiol. 2025; 18(5): e158800

counteract the anti-apoptotic effects of RSV and Wnt/β-

catenin signaling. However, additional preclinical and

clinical validation is required before considering

therapeutic implications.

5. Discussion

Cancer remains a significant global burden (21-24),

(25-30), and the economic impact of COVID-19 has

exacerbated the challenges faced in healthcare (31-37).

This dual strain highlights the urgent need for

innovative approaches in treating lung cancer. The

present study investigates the interplay between the

Wnt/β-catenin network and SIRT2 in lung cancer,

revealing novel insights into their regulatory

mechanisms and functional roles in cancer progression.

Our outcomes validate that activation of the Wnt/β-

catenin cascade raises SIRT2 expression at both protein

and mRNA levels in A549 lung cancer cell lines, while

inhibition of this pathway reduces SIRT2 expression.

This suggests that SIRT2 is a downstream target of Wnt/

β-catenin, as further illustrated in Appendix 2 in

Supplementary File. Supporting this, other studies have

shown similar regulatory mechanisms; for instance,

Chen et al. reported that Wnt/β-catenin signal

transduction upregulates SIRT2 in hepatocellular

carcinoma, enhancing tumor growth and metastasis

(36). This suggests that SIRT2 may serve as a key

mediator of Wnt/β-catenin signaling in lung cancer, and

similar mechanisms could apply to other cancers.

The study also explores the effects of RSV infection,

which has been shown to modulate the Wnt/β-catenin

pathway. The RSV infection alone led to a significant

increase in SIRT2 expression, supporting the idea that

RSV infection can enhance Wnt/β-catenin signaling.

Moreover, when combined with Wnt3a, a Wnt agonist,

RSV infection further augmented SIRT2 expression,

indicating a synergistic effect. This enhancement

underscores the potential for combining RSV and Wnt3a

as therapeutic strategies to regulate SIRT2 expression in

lung cancer.

One of the major findings of our study is that SIRT2

promotes lung cancer cell proliferation. This was

evidenced by increased MTT assay absorbance and

elevated cyclin D1 expression upon SIRT2

overexpression. Conversely, SIRT2 knockdown resulted

in decreased cell proliferation and cyclin D1 levels. Our

findings are consistent with those of Kim et al., who

demonstrated that SIRT2 enhances cell cycle

progression by regulating cyclin D1 expression in breast

cancer (37). Moreover, we observed a synergistic

enhancement of oncogenic markers, such as cyclin D1

and c-Myc, when SIRT2 and Wnt/β-catenin were co-

activated. This combined effect further highlights the

role of SIRT2 in driving oncogenesis, consistent with

Zhang et al., who reported that SIRT2 enhances Wnt/β-

catenin signaling in colorectal cancer, contributing to

tumor progression (38).

Beyond its role in cell proliferation, our study also

reveals that SIRT2 inhibits apoptosis in lung cancer cells.

This is evident from the increased levels of cleaved

caspase-3 and PARP following SIRT2 inhibition. However,

SIRT2 overexpression diminished this apoptotic effect,

suggesting that SIRT2 plays an anti-apoptotic role in

lung cancer cells. This finding is consistent with

previous studies showing that SIRT2 protects cancer

cells, such as in pancreatic cancer, by deacetylating key

apoptotic proteins (39-41). These results suggest that

SIRT2 may not only promote cell survival and

proliferation but also act as a potential target for

therapeutic strategies aimed at inducing apoptosis in

lung cancer.

Our study suggests that SIRT2 may play a central role

in lung cancer progression by enhancing cell

proliferation and inhibiting apoptosis. The dual

regulation of SIRT2 by Wnt/β-catenin and RSV infection

may create an oncogenic environment that fosters

tumor growth. The upregulation of cyclin D1, Ki-67, and

Bcl-2, along with downregulation of cleaved caspase-3

and PARP, suggests that SIRT2 may influence key cell

cycle and apoptosis regulators, which are pivotal in

cancer progression. These findings propose SIRT2 as a

potential therapeutic target for lung cancer treatment,

with its inhibition offering a route to promote tumor

cell apoptosis and suppress proliferation.

The translational potential of our findings lies in

identifying novel therapeutic strategies targeting SIRT2

in lung cancer. While our study offers promising

insights, transitioning from laboratory findings to

clinical applications requires further steps. First, the

optimization of SIRT2 inhibitors and their integration

with existing therapies must be explored in preclinical

in vivo models. Such models could better simulate the

tumor microenvironment (TME) and the effects of

combination treatments, providing a clearer picture of

their clinical viability. Additionally, exploring the use of

RSV and Wnt3a as potential adjunct therapies in clinical

settings may yield significant benefits, particularly in

targeting specific oncogenic pathways like Wnt/β-
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catenin. Ultimately, clinical trials will be essential to

evaluate the safety, efficacy, and pharmacokinetics of

these strategies in diverse patient populations. These

steps are crucial to bridging the gap between

experimental models and real-world clinical

applications, ultimately enhancing the therapeutic

options available for lung cancer patients.

While this study offers valuable insights into the

regulatory mechanisms governing SIRT2 in lung cancer,

several areas require further investigation. One key

limitation is the reliance on in vitro models using the

A549 lung cancer cell line. Although these findings offer

valuable mechanistic insights, validation in in vivo

models or patient-derived tissues would be necessary to

fully understand the clinical relevance of SIRT2 in lung

cancer. Additionally, our study does not address

potential variations in SIRT2 regulation across different

lung cancer subtypes or patient demographics. Future

research should explore how genetic, epigenetic, and

environmental factors influence SIRT2 expression and

its role in lung cancer progression.

Targeting SIRT2 for lung cancer therapy may pose

challenges due to its involvement in various cellular

processes, potentially leading to off-target effects in

normal tissues. Developing tissue-specific inhibitors or

delivery systems is essential to minimize these risks and

ensure the safety of SIRT2-based therapies. Furthermore,

identifying the specific transcription factors or co-

regulators involved in β-catenin-mediated SIRT2

upregulation could enhance our understanding of this

pathway and its therapeutic implications.

Additionally, our study does not fully consider the

influence of the TME on SIRT2-mediated lung cancer

progression. The TME consists of immune cells,

fibroblasts, extracellular matrix components, and

angiogenic factors that interact dynamically with tumor

cells. Since our study utilized a 2D monolayer culture

system, it does not completely capture these complex

interactions. Future studies incorporating 3D spheroid

models, co-culture systems with stromal and immune

cells, or patient-derived xenografts (PDX) could provide

a more physiologically relevant understanding of

SIRT2’s role in lung cancer progression. Exploring how

SIRT2 functions within an immune-rich

microenvironment may further reveal its potential as a

therapeutic target.

5.1. Conclusions

The present study underscores the critical role of the

Wnt/β-catenin signaling pathway in regulating SIRT2

expression in lung cancer cells, demonstrating how RSV

infection and Wnt3a activation synergistically enhance

SIRT2 levels. Additionally, we provide evidence that SIRT2

promotes lung cancer cell proliferation while inhibiting

apoptosis, suggesting that targeting SIRT2 may serve as

a viable therapeutic approach for lung cancer

treatment. However, further in vivo and clinical studies

are necessary to validate these findings and determine

the potential of SIRT2-targeted therapies in personalized

medicine.

Supplementary Material

Supplementary material(s) is available here [To read
supplementary materials, please refer to the journal
website and open PDF/HTML].

Footnotes

Authors' Contribution: W. C., H. L., and W. T.

conceived and designed the study. H. L., K. F., and W. C.

acquired the data. H. L., W. C., and K. F. analyzed and

interpreted the data. W. C. and H. L. drafted the

manuscript. W. T., W. C., and H. L. critically revised the

manuscript for important intellectual content. K. F. and

H. L. performed the statistical analysis. W. T. and H. L.

provided administrative, technical, and material

support. W. T. supervised the study. All authors read and

approved the final manuscript.

Conflict of Interests Statement: The authors declare

no conflict of interest.

Data Availability: The dataset presented in the study

is available on request from the corresponding author

during submission or after publication. The data are not

publicly available due to privacy and ethical restrictions.

Funding/Support: The present study received no

funding/support.

References

1. World Health Organization. Lung cancer. Geneva, Switzerland: World

Health Organization; 2025. Available from:

https://www.who.int/news-room/fact-sheets/detail/lung-cancer.

2. Herbst RS, Morgensztern D, Boshoff C. The biology and management

of non-small cell lung cancer. Nature. 2018;553(7689):446-54.

[PubMed ID: 29364287]. https://doi.org/10.1038/nature25183.

https://brieflands.com/articles/jjm-158800
https://jjm.brieflands.com/cdn/dl/9122f150-24da-11f0-a69a-03a959cbc0f6
https://www.who.int/news-room/fact-sheets/detail/lung-cancer
http://www.ncbi.nlm.nih.gov/pubmed/29364287
https://doi.org/10.1038/nature25183


Cao W et al. Brieflands

12 Jundishapur J Microbiol. 2025; 18(5): e158800

3. Hijano DR, Maron G, Hayden RT. Respiratory viral infections in

patients with cancer or undergoing hematopoietic cell transplant.

Front Microbiol. 2018;9:3097. [PubMed ID: 30619176]. [PubMed Central

ID: PMC6299032]. https://doi.org/10.3389/fmicb.2018.03097.

4. Kelleher K, Subramaniam N, Drysdale SB. The recent landscape of RSV

vaccine research. Ther Adv Vaccines Immunother.

2025;13:25151355241310600. [PubMed ID: 39802673]. [PubMed Central

ID: PMC11724408]. https://doi.org/10.1177/25151355241310601.

5. Guvenel AK, Chiu C, Openshaw PJ. Current concepts and progress in

RSV vaccine development. Expert Rev Vaccines. 2014;13(3):333-44.

[PubMed ID: 24405366]. [PubMed Central ID: PMC7612829].

https://doi.org/10.1586/14760584.2014.878653.

6. Sun Y, Lopez CB. The innate immune response to RSV: Advances in

our understanding of critical viral and host factors. Vaccine.

2017;35(3):481-8. [PubMed ID: 27686836]. [PubMed Central ID:

PMC6060409]. https://doi.org/10.1016/j.vaccine.2016.09.030.

7. Van Royen T, Rossey I, Sedeyn K, Schepens B, Saelens X. How RSV

proteins join forces to overcome the host innate immune response.

Viruses. 2022;14(2). [PubMed ID: 35216012]. [PubMed Central ID:

PMC8874859]. https://doi.org/10.3390/v14020419.

8. Song P, Gao Z, Bao Y, Chen L, Huang Y, Liu Y, et al. Wnt/beta-catenin

signaling pathway in carcinogenesis and cancer therapy. J Hematol

Oncol. 2024;17(1):46. [PubMed ID: 38886806]. [PubMed Central ID:

PMC11184729]. https://doi.org/10.1186/s13045-024-01563-4.

9. North BJ, Marshall BL, Borra MT, Denu JM, Verdin E. The human Sir2

ortholog, SIRT2, is an NAD+-dependent tubulin deacetylase. Mol Cell.

2003;11(2):437-44. [PubMed ID: 12620231].

https://doi.org/10.1016/s1097-2765(03)00038-8.

10. Serrano L, Martinez-Redondo P, Marazuela-Duque A, Vazquez BN,

Dooley SJ, Voigt P, et al. The tumor suppressor SirT2 regulates cell

cycle progression and genome stability by modulating the mitotic

deposition of H4K20 methylation. Genes Dev. 2013;27(6):639-53.

[PubMed ID: 23468428]. [PubMed Central ID: PMC3613611].

https://doi.org/10.1101/gad.211342.112.

11. Inoue T, Hiratsuka M, Osaki M, Oshimura M. The molecular biology

of mammalian SIRT proteins: SIRT2 in cell cycle regulation. Cell Cycle.

2007;6(9):1011-8. [PubMed ID: 17457050].

https://doi.org/10.4161/cc.6.9.4219.

12. de Cubas AA, Feldman DR. Sirtuins in cancer: The good, the bad and

the complex. Cancer Letters. 2015;366(2):166-74.

13. Saeed U, Piracha ZZ. PIN1 and PIN4 inhibition via parvulin impeders

Juglone, PiB, ATRA, 6,7,4'-THIF, KPT6566, and EGCG thwarted hepatitis

B virus replication. Front Microbiol. 2023;14:921653. [PubMed ID:

36760500]. [PubMed Central ID: PMC9905731].

https://doi.org/10.3389/fmicb.2023.921653.

14. Saeed U, Piracha ZZ, Kwon H, Kim J, Kalsoom F, Chwae YJ, et al. The

HBV core protein and core particle both bind to the ppiase par14 and

par17 to enhance their stabilities and HBV replication. Front Microbiol.

2021;12:795047. [PubMed ID: 34970249]. [PubMed Central ID:

PMC8713550]. https://doi.org/10.3389/fmicb.2021.795047.

15. Piracha ZZ, Kwon H, Saeed U, Kim J, Jung J, Chwae YJ, et al. Sirtuin 2

isoform 1 enhances Hepatitis B virus RNA transcription and DNA

synthesis through the AKT/GSK-3beta/beta-catenin signaling

pathway. J Virol. 2018;92(21). [PubMed ID: 30111572]. [PubMed Central

ID: PMC6189494]. https://doi.org/10.1128/JVI.00955-18.

16. Saeed U, Zahid Piracha Z, Uppal R, Uppal R. SARS-CoV-2-associated

CRP, DD, FER, HBA1c, IL6, LDH, PBNP, and PCT biomarkers and high-

resolution computed tomography during the first three waves of

COVID-19 in Pakistan (2019-2021). Jundishapur J Microbiol. 2022;15(1).

https://doi.org/10.5812/jjm.119590.

17. Saeed U, Piracha ZZ, Manzoor S. Hepatitis C virus induces oxidative

stress and DNA damage by regulating DNAPKCs, ATM, ATR and PARP

mediated signaling and guards cell from cancerous condition by

upregulating RB, P53 and downregulating VEGF. Acta Virol.

2017;61(3):316-23. [PubMed ID: 28854796].

https://doi.org/10.4149/av_2017_310.

18. Saeed U, Uppal MR, Uppal MS, Uppal R, Khan AA, Hassan A, et al.

Hepatitis C virus associated ALT, AST, GGT, Bili T, HB, HBA1C, CREAT, PT,

aPPT, AFP, CEA, CA 125, CA 19-9, iPTH biomarkers, computed

tomography and HCV burden of disease during pre COVID-19 era

(2018-2019) and post COVID-19 era (2020-2022) in Pakistan. Braz J Biol.

2023;84. e271451. [PubMed ID: 37341223]. https://doi.org/10.1590/1519-

6984.271451.

19. Kocarnik JM, Compton K, Dean FE, Fu W, Gaw BL, Harvey JD, et al.

Cancer incidence, mortality, years of life lost, years lived with

disability, and disability-adjusted life years for 29 cancer groups from

2010 to 2019. JAMA Oncol. 2022;8(3).

https://doi.org/10.1001/jamaoncol.2021.6987.

20. G. B. D. Cancer Risk Factors Collaborators. The global burden of

cancer attributable to risk factors, 2010-19: a systematic analysis for

the global burden of disease study 2019. Lancet. 2022;400(10352):563-

91. [PubMed ID: 35988567]. [PubMed Central ID: PMC9395583].

https://doi.org/10.1016/S0140-6736(22)01438-6.

21. G. B. D. Colorectal Cancer Collaborators. Global, regional, and

national burden of colorectal cancer and its risk factors, 1990-2019: A

systematic analysis for the global burden of disease study 2019.

Lancet Gastroenterol Hepatol. 2022;7(7):627-47. [PubMed ID: 35397795].

[PubMed Central ID: PMC9192760]. https://doi.org/10.1016/S2468-

1253(22)00044-9.

22. G. B. D. Adolescent Young Adult Cancer Collaborators. The global

burden of adolescent and young adult cancer in 2019: A systematic

analysis for the global burden of disease study 2019. Lancet Oncol.

2022;23(1):27-52. [PubMed ID: 34871551]. [PubMed Central ID:

PMC8716339]. https://doi.org/10.1016/S1470-2045(21)00581-7.

23. Gbd Lip O, Cunha ARD, Compton K, Xu R, Mishra R; Pharyngeal

Cancer, et al. The global, regional, and national burden of adult lip,

oral, and pharyngeal cancer in 204 countries and territories: A

systematic analysis for the global burden of disease study 2019. JAMA

Oncol. 2023;9(10):1401-16. [PubMed ID: 37676656]. [PubMed Central ID:

PMC10485745]. https://doi.org/10.1001/jamaoncol.2023.2960.

24. Nejadghaderi SA, Moghaddam SS, Azadnajafabad S, Rezaei N, Rezaei

N, Tavangar SM, et al. Burden of thyroid cancer in North Africa and

Middle East 1990-2019. Front Oncol. 2022;12:955358. [PubMed ID:

36212501]. [PubMed Central ID: PMC9538696].

https://doi.org/10.3389/fonc.2022.955358.

25. Abbasi-Kangevari M, Saeedi Moghaddam S, Ghamari SH, Azangou-

Khyavy M, Malekpour MR, Rezaei N, et al. The burden of prostate

cancer in North Africa and Middle East, 1990-2019: Findings from the

global burden of disease study. Front Oncol. 2022;12:961086. [PubMed

ID: 36176394]. [PubMed Central ID: PMC9513750].

https://doi.org/10.3389/fonc.2022.961086.

26. Azadnajafabad S, Saeedi Moghaddam S, Mohammadi E, Rezaei N,

Rashidi MM, Rezaei N, et al. Burden of breast cancer and attributable

risk factors in the North Africa and Middle East region, 1990-2019: A

systematic analysis for the Global Burden of Disease Study 2019. Front

Oncol. 2023;13:1132816. [PubMed ID: 37593096]. [PubMed Central ID:

PMC10431599]. https://doi.org/10.3389/fonc.2023.1132816.

27. Zaborowski AM, Abdile A, Adamina M, Aigner F, d'Allens L, Allmer C,

et al. Characteristics of early-onset vs late-onset colorectal cancer: A

review. JAMA Surg. 2021;156(9):865-74. [PubMed ID: 34190968].

https://doi.org/10.1001/jamasurg.2021.2380.

https://brieflands.com/articles/jjm-158800
http://www.ncbi.nlm.nih.gov/pubmed/30619176
https://www.ncbi.nlm.nih.gov/pmc/PMC6299032
https://doi.org/10.3389/fmicb.2018.03097
http://www.ncbi.nlm.nih.gov/pubmed/39802673
https://www.ncbi.nlm.nih.gov/pmc/PMC11724408
https://doi.org/10.1177/25151355241310601
http://www.ncbi.nlm.nih.gov/pubmed/24405366
https://www.ncbi.nlm.nih.gov/pmc/PMC7612829
https://doi.org/10.1586/14760584.2014.878653
http://www.ncbi.nlm.nih.gov/pubmed/27686836
https://www.ncbi.nlm.nih.gov/pmc/PMC6060409
https://doi.org/10.1016/j.vaccine.2016.09.030
http://www.ncbi.nlm.nih.gov/pubmed/35216012
https://www.ncbi.nlm.nih.gov/pmc/PMC8874859
https://doi.org/10.3390/v14020419
http://www.ncbi.nlm.nih.gov/pubmed/38886806
https://www.ncbi.nlm.nih.gov/pmc/PMC11184729
https://doi.org/10.1186/s13045-024-01563-4
http://www.ncbi.nlm.nih.gov/pubmed/12620231
https://doi.org/10.1016/s1097-2765(03)00038-8
http://www.ncbi.nlm.nih.gov/pubmed/23468428
https://www.ncbi.nlm.nih.gov/pmc/PMC3613611
https://doi.org/10.1101/gad.211342.112
http://www.ncbi.nlm.nih.gov/pubmed/17457050
https://doi.org/10.4161/cc.6.9.4219
http://www.ncbi.nlm.nih.gov/pubmed/36760500
https://www.ncbi.nlm.nih.gov/pmc/PMC9905731
https://doi.org/10.3389/fmicb.2023.921653
http://www.ncbi.nlm.nih.gov/pubmed/34970249
https://www.ncbi.nlm.nih.gov/pmc/PMC8713550
https://doi.org/10.3389/fmicb.2021.795047
http://www.ncbi.nlm.nih.gov/pubmed/30111572
https://www.ncbi.nlm.nih.gov/pmc/PMC6189494
https://doi.org/10.1128/JVI.00955-18
https://doi.org/10.5812/jjm.119590
http://www.ncbi.nlm.nih.gov/pubmed/28854796
https://doi.org/10.4149/av_2017_310
http://www.ncbi.nlm.nih.gov/pubmed/37341223
https://doi.org/10.1590/1519-6984.271451
https://doi.org/10.1590/1519-6984.271451
https://doi.org/10.1001/jamaoncol.2021.6987
http://www.ncbi.nlm.nih.gov/pubmed/35988567
https://www.ncbi.nlm.nih.gov/pmc/PMC9395583
https://doi.org/10.1016/S0140-6736(22)01438-6
http://www.ncbi.nlm.nih.gov/pubmed/35397795
https://www.ncbi.nlm.nih.gov/pmc/PMC9192760
https://doi.org/10.1016/S2468-1253(22)00044-9
https://doi.org/10.1016/S2468-1253(22)00044-9
http://www.ncbi.nlm.nih.gov/pubmed/34871551
https://www.ncbi.nlm.nih.gov/pmc/PMC8716339
https://doi.org/10.1016/S1470-2045(21)00581-7
http://www.ncbi.nlm.nih.gov/pubmed/37676656
https://www.ncbi.nlm.nih.gov/pmc/PMC10485745
https://doi.org/10.1001/jamaoncol.2023.2960
http://www.ncbi.nlm.nih.gov/pubmed/36212501
https://www.ncbi.nlm.nih.gov/pmc/PMC9538696
https://doi.org/10.3389/fonc.2022.955358
http://www.ncbi.nlm.nih.gov/pubmed/36176394
https://www.ncbi.nlm.nih.gov/pmc/PMC9513750
https://doi.org/10.3389/fonc.2022.961086
http://www.ncbi.nlm.nih.gov/pubmed/37593096
https://www.ncbi.nlm.nih.gov/pmc/PMC10431599
https://doi.org/10.3389/fonc.2023.1132816
http://www.ncbi.nlm.nih.gov/pubmed/34190968
https://doi.org/10.1001/jamasurg.2021.2380


Cao W et al. Brieflands

Jundishapur J Microbiol. 2025; 18(5): e158800 13

28. Micah AE, Bhangdia K, Cogswell IE, Lasher D, Lidral-Porter B,

Maddison ER, et al. Global investments in pandemic preparedness

and COVID-19: Development assistance and domestic spending on

health between 1990 and 2026. Lancet Global Health. 2023;11(3):e385-

413.

29. Saeed U, Piracha ZZ, Uppal SR, Waheed Y, Uppal R. SARS-CoV-2 induced

hepatic injuries and liver complications. Front Cell Infect Microbiol.

2022;12:726263. [PubMed ID: 36189356]. [PubMed Central ID:

PMC9523111]. https://doi.org/10.3389/fcimb.2022.726263.

30. Saeed U, Uppal SR, Piracha ZZ, Khan AA, Rasheed A, Waheed A, et al.

Evaluation of SARS-CoV-2 spike antibody levels among Sputnik V first

dose vaccinated people in Pakistan: formulation of national anti-

COVID-19 mass vaccination strategy. Arch Clin Biomed Res.

2021;6(1):209-16.

31. Saeed U, Zahid Piracha Z, Ashraf H, Tasneem S, Rizwan Uppal S, Islam

T, et al. Effectivity analysis of COVID-19 vaccines against emerging

variants of SARS-CoV-2. Arch Clin Biomedical Res. 2022;6(1).

https://doi.org/10.26502/acbr.50170236.

32. Saeed U, Piracha ZZ, Kanwal K, Munir M, Waseem A, Nisar T, et al.

Contemplating SARS-CoV-2 infectivity with respect to ABO blood

groups. Int J Clin Virol. 2021;5(2):82-6.

33. Marghoob M, Saeed U, Piracha ZZ, Shafiq H, Fatima N, Sarfraz N, et al.

SARS-CoV-2 infection and incidence of mucormycosis. Arch Clin

Biomedical Res. 2022;6(1):41-9.

34. Piracha ZZ, Saeed U, Sarfraz R, Asif U, Waheed Y, Raheem A, et al.

Impact of SARS-CoV-2 on onset of diabetes and associated

complications. Arch Clin Biomedical Res. 2022;6(1):217-27.

35. Nadeem H, Ayesha M, Saeed U, Piracha ZZ, Tahir R, Mehtab F, et al.

SARS-CoV-2 infection-associated detrimental effects on the various

human organs. Int J Clin Virol. 2021;5(2):72-81.

36. Chen X, Chen X, Gong W, Shao X, Zhu X, Wang L. Wnt/β-catenin

signaling upregulates SIRT2 to promote tumor growth and

metastasis in hepatocellular carcinoma. Biochem Biophys Res

Commun. 2018;502(3):538-44.

37. Kim HS, Vassilopoulos A, Wang RH, Lahusen T, Xiao Z, Xu X, et al. SIRT2

maintains genome integrity and suppresses tumorigenesis through

regulating APC/C activity. Cancer Cell. 2011;20(4):487-99. [PubMed ID:

22014574]. [PubMed Central ID: PMC3199577].

https://doi.org/10.1016/j.ccr.2011.09.004.

38. Zhang Y, Ma L, Hussain A, Li Z. SIRT2 enhances the tumorigenic

potential of cancer cells through activation of the β-catenin

signaling pathway. Oncotarget. 2016;7(48):80982-94.

39. Li Y, Cheng Z, Zhao W. SIRT2 inhibits pancreatic cancer cell apoptosis

and growth through deacetylation of the key apoptotic proteins. J

Exp Clin Cancer Res. 2017;36(1):1-10.

40. Zhang Y, Li M, Bai W, Wang M. Role of Wnt/β-catenin signaling in the

chemoresistance of colorectal cancer. Mol Cancer. 2019;18(1).

41. Piracha ZZ, Saeed U, Piracha IE, Noor S, Noor E. Decoding the

multifaceted interventions between human sirtuin 2 and dynamic

hepatitis B viral proteins to confirm their roles in HBV replication.

Front Cell Infect Microbiol. 2023;13:1234903. [PubMed ID: 38239506].

[PubMed Central ID: PMC10794644].

https://doi.org/10.3389/fcimb.2023.1234903.

https://brieflands.com/articles/jjm-158800
http://www.ncbi.nlm.nih.gov/pubmed/36189356
https://www.ncbi.nlm.nih.gov/pmc/PMC9523111
https://doi.org/10.3389/fcimb.2022.726263
https://doi.org/10.26502/acbr.50170236
http://www.ncbi.nlm.nih.gov/pubmed/22014574
https://www.ncbi.nlm.nih.gov/pmc/PMC3199577
https://doi.org/10.1016/j.ccr.2011.09.004
http://www.ncbi.nlm.nih.gov/pubmed/38239506
https://www.ncbi.nlm.nih.gov/pmc/PMC10794644
https://doi.org/10.3389/fcimb.2023.1234903

