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Introduction

Chronic myeloid leukemia (CML) is a hematologic 
malignancy characterized by the overproduction of 
white blood cells due to the presence of the Philadelphia 
chromosome, which results from the fusion of the BCR 
and ABL1 genes [1]. This genetic alteration leads to the 
production of an abnormal protein that drives uncontrolled 
myeloid cell growth. CML typically progresses through 
three phases: chronic, accelerated, and blast crisis, with 
most patients experiencing symptoms such as fatigue, 
weight loss, abdominal fullness, and splenomegaly. 
Although treatment has advanced significantly with the 
introduction of tyrosine kinase inhibitors (TKIs), resistance 
to these conventional therapies remains a significant 
challenge [2]. TKIs work by inhibiting the activity of 
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the abnormal protein produced by the Philadelphia 
chromosome, thus improving patient outcomes and quality 
of life [3]. However, the development of drug resistance 
necessitates the exploration of alternative therapeutic 
options.

Resveratrol (C14H12O3), a natural polyphenol found 
in various plants such as grapes and berries, has garnered 
attention for its wide spectrum of pharmacological 
activities, including antioxidant and anti-inflammatory 
effects [4]. Recent studies have delved into its potential 
to regulate gene expression and maintain DNA integrity 
in the context of CML [4, 5]. This polyphenol may offer 
a promising approach to CML management by targeting 
key genes involved in cell proliferation, apoptosis, 
and differentiation. By modulating complex molecular 
pathways, resveratrol could potentially influence the 
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progression of CML and serve as an adjunct or alternative 
to existing treatments.

This study focuses on exploring the effects of 
resveratrol on key genes associated with CML pathology. 
Specifically, the research aims to understand how 
resveratrol modulates gene expression and induces 
apoptosis in CML cells. Through advanced molecular 
techniques such as gene expression analysis and pathway 
mapping, this study seeks to uncover the mechanisms 
by which resveratrol exerts its therapeutic effects. The 
ultimate goal is to provide insights into novel treatment 
strategies for CML, emphasizing the need for further 
laboratory research and clinical trials to confirm the safety 
and efficacy of resveratrol-based therapies.

This research is significant as it establishes the 
molecular mechanisms underlying resveratrol’s impact on 
CML cells, potentially paving the way for new therapeutic 
interventions. By investigating resveratrol’s ability to 
induce apoptosis and modulate key genes related to cell 
survival and proliferation, this study contributes to the 
broader scientific and clinical efforts to develop advanced 
treatment strategies for CML and other hematological 
malignancies.

Materials and Methods

The study utilized various materials and kits. 
Resveratrol (purity 99.5%) was sourced from GLPBIO 
(USA). The Cell Counting Kit-8 (CCK-8) and One-Step 
TUNEL Apoptosis Assay Kit (Green Fluorescence) were 
obtained from Abbkine Scientific Co. Ltd (USA). Other 
key materials included phosphate-buffered saline (PBS, 
pH 7.4) from Euroclone (Italy), 4% paraformaldehyde 
from Sigma Aldrich (Sweden), Triton X-100 (0.3%) from 
Abbkine Scientific, and 4’,6-diamidino-2-phenylindole 
(DAPI) from Abbkine Scientific. The key equipment 
included an Applied Biosystems QuantStudio 3 Real-Time 
PCR System (Fisher Scientific, USA), Bio Safety Cabinet 
level II (BioLab Scientific, Canada), centrifuge (Electra 
Medical, USA), CO2 incubator (Thermo Fisher Scientific, 
USA), ELISA microplate reader (BioTek Synergy HTX, 
USA), fluorescence microscope (Canon, Japan), and UV/
VIS Nano Spectrophotometer (Nabi, South Korea).

Cell Culture and IC50 Determination
K562 CML cells (ATCC-CRL-3343) were cultured 

in RPMI 1640 medium supplemented with 10% fetal 
bovine serum (FBS) and 1% penicillin-streptomycin. 
Cells were maintained at 37°C in a humidified 5% CO₂ 
incubator and subcultured every 3-4 days. 3. For IC₅₀ 
determination, K562 cells were seeded in 96-well plates 
(8 × 10³ cells/well) and incubated for 24 hours. Resveratrol 
stock solution was prepared in DMSO and diluted to a 
range of concentrations (300 µM to lower dilutions) using 
RPMI 1640 media. Cells were treated with resveratrol 
for 24, 48, and 72 hours, followed by the addition of 10 
µL of CCK-8 dye to each well. After an additional 3-4 
hours of incubation, absorbance was measured at 450 
nm using an ELISA microplate reader. IC₅₀ values were 
calculated using GraphPad Prism software based on three 
independent experiments.

TUNEL Assay for DNA Fragmentation
Apoptosis was assessed using the One-Step TUNEL 

Apoptosis Assay Kit. K562 cells were treated with 
resveratrol at the IC₅₀ concentration for 48 hours. Both 
treated and untreated cells were centrifuged, washed 
with PBS, and fixed with 4% paraformaldehyde. After 
permeabilization with 0.3% Triton X-100, cells were 
incubated with the TUNEL reaction mixture at 37°C for 
2 hours. The cells were then counterstained with DAPI 
and analyzed using a fluorescence microscope. TUNEL-
positive cells indicated apoptosis, with the proportion 
calculated to quantify apoptosis levels.

RNA Extraction and Quantitative Real-Time PCR (qRT-
PCR)

Cells treated with resveratrol at the IC₅₀ concentration 
for 48 hours underwent RNA extraction using the SV 
Total RNA Isolation System (Promega, USA). RNA 
concentration and purity were determined using the Nabi 
UV/VIS Nano Spectrophotometer. First-strand cDNA 
synthesis was performed using the Viva cDNA Synthesis 
Kit (Vivantis Technologies, South Korea). Quantitative 
Real-Time PCR was conducted using SYBR Green PCR 
Master Mix, with β-actin serving as the reference gene. 
Primer sequences for target genes (BCL-2, BAX, CASP3, 
p53, AIF, VDAC1, NDUFA9, SDHA, and Cyclin-D1) were 
sourced from the literature (Table 1). The qRT-PCR was 
carried out on an Applied Biosystems QuantStudio 3 Real-
Time PCR System, using the ΔΔCt method to quantify 
gene expression changes.

Statistical analysis 
All experiments were performed in triplicate, 

Kruskal–Wallis and Mann-Whitney tests were conducted 
for statistical analysis using GraphPad Prism 8.4.3 (San 
Diego, California, USA) and P< 0.05 was considered as 
significant.

Results

Anti-Proliferative Effects of Resveratrol on K562 Cells
The anti-proliferative effects of resveratrol on the 

K562 cell line were evaluated using the CCK-8 assay. IC₅₀ 
values, indicating the concentration of resveratrol required 
to inhibit 50% of cell proliferation, were determined after 
24, 48, and 72 hours of treatment. A clear time-dependent 
decrease in the IC₅₀ values was observed (Figures 1,2).

As summarized in Table 2 and shown in Figures 3, 4, 
and 5, after 24 hours of treatment, the IC₅₀ value was 282.2 
µM. At 48 hours, the IC₅₀ value significantly decreased 
to 107.1 µM, and by 72 hours, the IC₅₀ further declined 
to 102.4 µM.

DNA fragmentation analysis by TUNEL assay
The TUNEL assay results demonstrated a significant 

increase in apoptotic activity in treated cells (Figure 5) 
compared to untreated (Figure 4). While the control group 
displayed uniform, dim fluorescence with no signs of DNA 
fragmentation, the treatment group showed prominent 
DNA fragmentation, indicated by bright fluorescent spots. 
Approximately 55 ± 5% of the treated cells exhibited DNA 
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2.119, respectively, indicating high purity. In the treated 
group, the RNA concentration was slightly lower at 317.0 
ng/µL, but the purity remained high, with A260/A280 
and A260/A230 ratios of 2.162 and 2.202, respectively 
(Figure 6).

Gene expression analysis revealed that VDAC1 was 
highly upregulated (p < 0.001) with a fold change of 
approximately 4.5 in the treated cells. BCL-2, AIF, and 
BAX were significantly upregulated, while CASP3, PGCa1, 
NDUF, Cyclin D1, and P53 were slightly downregulated. 
SDHA showed a non-significant upregulation. These 
findings highlight the impact of resveratrol on gene 

fragmentation, confirming the treatment’s effectiveness in 
inducing apoptosis. These findings highlight the marked 
increase in apoptotic activity caused by the treatment, as 
evidenced by the higher percentage of fragmented DNA 
in the treated cells compared to the control.

The gene expression in treated cells 
The RNA concentration and purity from both control 

and resveratrol-treated K562 cell lines were assessed 
using the Nabi UV/VIS Nano Spectrophotometer. The 
control group had an RNA concentration of 442.1 ng/
µL, with A260/A280 and A260/A230 ratios of 2.161 and 

Gene Primer name Nucleotide sequence (5' - 3') Reference
BAX F GGTTGTCGCCCTTTTCTACTTTGC [6]

R ATGTCCAGCCCATGATGGTTCTG
BCL-2 F ATGTGTGTGGAGAGCGTCAAC [6]

R AGCCAGGAGAAATCAAACAGAGG
p53 F GGACGGAACAGCTTTGAGGT [7]

R CCCACGGATCTGAAGGGTGA
Cyclin-D1 F AGGAACAGAAGTGCGAGGAGG [8]

R GGATGGAGTTGTCGGTGTAGATG
β-actin F CCAACCGTGAAAAGATGACC [9]

R ACCAGAGGCATACAGGGACA
CASP3 F ACATGGCGTGTCATAAAATACC [10]

R CACAAAGCGACTGGATGAAC
AIF F GATTGCAACAGGAGGTACTCCAAGA [11]

R GATTTGACTTCCCGTGAAATCTTCTTC
VDAC1 F ACGTATGCCGATCTTGGCAAA [12]

R TCAGGCCGTACTCAGTCCATC
NDUFA9 F CGACACTGGGAAACCAAAAAC [13]

R GCATCCGCTCCACTTTATCC
SDHA F AAACTCGCTCTTGGACCTGG [14]

R TCTTCCCCAGCGTTTGGTTT

Table 1. Primer Sequences

Figure 1. The Percentage Viability of K562 Cells Following 24 hours of Treatment with Varying Concentrations of 
Resveratrol, as Measured by MTT Assay. The data shows a concentration-dependent decrease in cell viability, with an 
IC50 value calculated to be 282.2 µM. The values are presented as mean ± SEM, with experiments conducted at least 
three times. Statistical significance is indicated by *p < 0.05
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Figure 2. Percentage Viability of K562 Cells after 48 Hours of Treatment with Different Concentrations of Resveratrol, 
as Determined by the MTT Assay. The results show a concentration-dependent reduction in cell viability, with an 
IC50 value of 107.1 µM. Data are expressed as mean ± SEM from at least three independent experiments. Statistical 
significance is represented by *p < 0.05

Figure 3. Percentage Viability of K562 Cells after 72 hours of Treatment with Varying Concentrations of Resveratrol, 
as Determined by MTT Assay. The data reveals a concentration-dependent decline in cell viability, with an IC50 value 
calculated at 102.4 µM. Values are expressed as mean ± SEM from at least three independent experiments. Statistical 
significance is denoted by *p < 0.05

Treatment duration IC50

24 hours 282.2 µM
48 hours 107.1 µM
72 hours 102.4 µM

Table 2. IC50 Values of Resveratrol Treatment after 24, 
48, and 72 hours

expression and apoptotic regulation in K562 cells.

Discussion

The present study aimed to investigate the effects of 
resveratrol on the proliferation and apoptosis of CML cells, 
with a focus on their ability to modulate key apoptotic and 
regulatory pathways. Resveratrol, a natural polyphenolic 
compound, has been widely studied for its anti-cancer 
properties, particularly its role in inducing apoptosis 

and inhibiting cell proliferation across various cancer 
types [5]. However, the specific mechanisms by which 
resveratrol exerts its effects on CML cells remain to be 
fully elucidated. By examining its impact on cell viability, 
DNA fragmentation, and the expression of critical genes 
involved in apoptosis and cell cycle regulation, this study 
provides insights into the molecular underpinnings of 
resveratrol’s anti-leukemic action.

This study demonstrates that resveratrol exerts a time-
dependent, anti-proliferative effect on CML cells, with IC₅₀ 
values significantly decreasing as exposure time increases. 
This enhanced activity aligns with previous reports, such 
as those by Wu et al and Kartal et al, which highlight the 
time-dependent inhibitory effects of resveratrol on cancer 
cell proliferation [4, 15]. 

Our TUNEL assay results further confirmed the 
apoptotic potential of resveratrol, with 55 ± 5% of 
treated cells showing DNA fragmentation, a hallmark of 
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Figure 4. TUNEL Assay Images of the Control 
Group (Untreated K562 Cells) Showed No Signs of 
DNA Fragmentation. The cells exhibit uniform, dim 
fluorescence without any bright fluorescent spots, 
indicating the absence of apoptotic activity. These 
findings confirm that the untreated cells were not 
undergoing apoptosis under normal conditions.

Figure 5. TUNEL Assay Images of the treatment 
group (resveratrol-treated K562 cells) showing clear 
signs of DNA fragmentation. The presence of bright 
fluorescent spots within the cells indicates apoptotic 
activity, a hallmark of DNA fragmentation. These results 
demonstrate the induction of apoptosis in the treatment 
group compared to the control group.

Figure 6. Fold Change in Gene Expression of Key Apoptotic and Regulatory Genes in K562 Cells after Treatment with 
Resveratrol Compared to Control. The expression of VDAC1, BAX, AIF, and BCL-2 was significantly upregulated, and 
other genes such as CASP3, PGCa1, and Cyclin D1 showed significant downregulation changes in expression. SDHA 
exhibited non-significant changes, β-actin was used as the reference gene. Data represents the mean ± SEM of three 
independent experiments. (*p < 0.05), (**p < 0.01), (***p < 0.001).

apoptosis. This observation is consistent with previous 
studies by Davoodvandi et al. [16] and Lin et al, which 
also reported that resveratrol induces DNA fragmentation, 
effectively triggering apoptosis in various cancer cell 
lines. This supports the potential use of resveratrol as 

a chemotherapeutic agent that promotes cell death via 
apoptosis [16, 17].

In gene expression analysis, the current results 
found that the pro-apoptotic gene BAX was significantly 
upregulated following resveratrol treatment, supporting its 
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role in facilitating apoptosis, particularly by counteracting 
anti-apoptotic factors like BCL-2. These findings align 
with previous studies, which demonstrated the pivotal 
role of BAX in resveratrol-induced apoptosis through 
both p53-dependent and p53-independent pathways, 
often involving mitochondrial dysfunction. Interestingly, 
Caspase-3, a central executioner of apoptosis, was 
downregulated in our study. This result contrasts with 
the expected role of Caspase-3 in apoptosis and raises the 
possibility of alternative regulatory mechanisms, such as 
BAX-mediated apoptosis bypassing Caspase-3 activation 
[18, 19]. This observation aligns with the findings by 
Seong et al, who also reported Caspase-3 downregulation 
in a resveratrol model. However, further investigation is 
needed to clarify these mechanisms [20].

The current study showed upregulation of BCL-2, 
an anti-apoptotic gene, which was unexpected given 
resveratrol’s typical role in promoting apoptosis. This 
paradoxical result suggests a more complex interaction 
between resveratrol and apoptotic pathways, potentially 
involving a compensatory mechanism by which cells 
upregulate BCL-2 in response to increased pro-apoptotic 
signals from BAX. This observation contrasts with a Li 
et al study, which showed opposing effects of resveratrol 
on BCL-2 and BAX in different models [21].

In addition, resveratrol treatment downregulated 
Cyclin D1 and p53 in CML cells, both of which are 
key regulators of cell proliferation and apoptosis. This 
downregulation mirrors findings from Yung et al. [22] 
where resveratrol inhibited cell cycle progression through 
Cyclin D1 downregulation [22]. Also, Yu et al, [23] 
demonstrated resveratrol’s modulation of p53 expression 
via the MDM2/p53 pathway . These results suggest that 
resveratrol’s anti-proliferative effects in CML cells may 
be mediated, at least in part, through the inhibition of 
Cyclin D1 and p53.

VDAC1 was significantly upregulated following 
resveratrol treatment in current experiments, VDAC1 
mediates mitochondrial dysfunction by regulating 
metabolite exchange and promoting apoptosis through 
increased mitochondrial membrane permeability [24, 25], 
suggesting the involvement of mitochondrial dysfunction 
in apoptosis induction. NDUF and SDHA genes are 
crucial for efficient ATP production and cellular energy 
metabolism [26]. The downregulation of these genes after 
resveratrol treatment typically involved in mitochondrial 
respiration, further supports the hypothesis that resveratrol 
induces cell death by impairing mitochondrial function. 
AIF, a key mediator of caspase-independent apoptosis, 
was also mildly upregulated, reinforcing the idea 
that resveratrol promotes apoptosis through multiple 
pathways.

In conclusion, this study highlights the complex 
regulatory landscape through which resveratrol induces 
apoptosis in CML cells. The simultaneous upregulation 
of pro-apoptotic genes (BAX, VDAC1, AIF) and anti-
apoptotic genes (BCL-2), alongside the downregulation of 
Caspase-3, suggests that resveratrol’s effects are mediated 
through a combination of traditional and novel apoptotic 
pathways. These findings point to resveratrol’s potential 

as a therapeutic agent in CML treatment, especially in 
cases resistant to conventional therapies, warranting 
further research to optimize its clinical application. 
Future studies should focus on exploring the underlying 
mechanisms of resveratrol’s action and evaluating its 
efficacy in combination with existing CML therapies to 
enhance treatment outcomes.

Author Contribution Statement

Belal Almajali contributed to the conception and 
design of the study. Laith Alhawamdeh conducted 
experimental work and data acquisition. Hamid Ali Nagi 
Al-Jamal Ali M. Atoom and Hanan Kamel M. Saad 
were responsible for data analysis and interpretation. All 
authors contributed to drafting the manuscript, critically 
revising it for intellectual content, and approving the final 
version for submission.

Acknowledgements

General
The authors are grateful for the financial support of 

the publication charge offered by Al-Ahliyya Amman 
University, Jordan.

Funding Statement
The authors received funding for this work from 

Al-Ahliyya Amman University. Jordan with grant 
No.2023/14-4.

Scientific Approval
(IRB: AAU/1/3/2023-2024).

Ethical Declaration
The study received ethical approval from the 

Institutional Review Board (IRB) with approval number 
AAU/1/3/2023-2024.

References

1. Sampaio MM, Santos MLC, Marques HS, de Souza Gonçalves 
VL, Araújo GRL, Lopes LW, et al. Chronic myeloid 
leukemia-from the Philadelphia chromosome to specific 
target drugs: A literature review. World J Clin Oncol. 
2021;12(2):69–94. https://doi.org/10.5306/wjco.v12.i2.69

2. Huang L, Jiang S, Shi Y. Tyrosine kinase inhibitors for 
solid tumors in the past 20 years (2001-2020). J Hematol 
Oncol. 2020;13(1):143. https://doi.org/10.1186/s13045-
020-00977-0

3. Jabbour E, Kantarjian H. Chronic myeloid leukemia: 2018 
update on diagnosis, therapy and monitoring. Am J Hematol. 
2018;93(3):442-459. https://doi.org/10.1002/ajh.25011

4. Wu XP, Xiong M, Xu CS, Duan LN, Dong YQ, Luo Y, 
et al. Resveratrol induces apoptosis of human chronic 
myelogenous leukemia cells in vitro through p38 and JNK-
regulated H2AX phosphorylation. Acta Pharmacol Sin. 
2015;36(3):353-61. https://doi.org/10.1038/aps.2014.132

5. Ersöz NŞ, Adan A. Resveratrol triggers anti-proliferative 
and apoptotic effects in FLT3-ITD-positive acute myeloid 
leukemia cells via inhibiting ceramide catabolism enzymes. 
Med Oncol. 2022;39(3):35. https://doi.org/10.1007/s12032-
021-01627-2



Asian Pacific Journal of Cancer Prevention, Vol 26 911

DOI:10.31557/APJCP.2025.26.3.905
Resveratrol and Gene Modulation in CML Cells

This work is licensed under a Creative Commons Attribution-
Non Commercial 4.0 International License.

6. Kolahdouz-Mohammadi R, Delbandi AA, Khodaverdi S, Arefi 
S, Arablou T, Shidfar F. The Effects of Resveratrol Treatment 
on Bcl-2 and Bax Gene Expression in Endometriotic 
Compared with Non-Endometriotic Stromal Cells. Iran 
J Public Health. 2020;49(8):1546-1554. https://doi.
org/10.18502/ijph.v49i8.3900

7. Akter R, Rahman MH, Kaushik D, Mittal V, Uivarosan D, 
Nechifor AC, et al. Chemo-Preventive Action of Resveratrol: 
Suppression of p53-A Molecular Targeting Approach. 
Molecules. 2021;26(17):5325. https://doi.org/10.3390/
molecules26175325

8. Liu YY, Zhang WY, Wang CG, Huang JA, Jiang JH, Zeng 
DX. Resveratrol prevented experimental pulmonary vascular 
remodeling via miR-638 regulating NR4A3/cyclin D1 
pathway. Microvasc Res. 2020;130:103988. https://doi.
org/10.1016/j.mvr.2020.103988

9. Paul D, Das DN, Mondal S, Gnanasekaran S, Mor A, 
Subramanya K. Optimization of β-actin gene as a 
housekeeping gene for quantification of mRNA levels of 
target genes in buffalo endometrium. Ind J Physiol. Allied 
Sci. 2022;74(04):7-11. https://doi.org/10.55184/ijpas.
v74i04.65

10. Sabbagh SK, Ghodrati E, Hajibeiki A, Mazaheri M, Sarafraz 
Ardakani MR, et al. Effect of Hydroalcoholic Extract of 
Ephedra major, Momordica charantia, and Resveratrol 
on Cytotoxicity and Caspase-3 Genes Expression Level 
in MCF-7 Breast Cancer Cell Line. Gene Cell Tissue. 
2021;8(3):e110658. https://doi.org/10.5812/gct.110658

11. Zhang Z, Zhang M, Sun Y, Li M, Chang C, Liu W, et 
al. Effects of adipose derived stem cells pretreated with 
resveratrol on sciatic nerve regeneration in rats. Sci Rep. 
2023;13(1):5812. https://doi.org/10.1038/s41598-023-
32906-9

12. Feng S, Gui J, Qin B, Ye J, Zhao Q, Guo A, et al. Resveratrol 
Inhibits VDAC1-Mediated Mitochondrial Dysfunction to 
Mitigate Pathological Progression in Parkinson’s Disease 
Model Mol Neurobiol. 2024. https://doi.org/10.1007/
s12035-024-04234-0.

13. Suárez-Rivero JM, Pastor-Maldonado CJ, Romero-González 
A, Gómez-Fernandez D, Povea-Cabello S, Álvarez-Córdoba 
M, et al. Pterostilbene in Combination With Mitochondrial 
Cofactors Improve Mitochondrial Function in Cellular 
Models of Mitochondrial Diseases. Front Pharmacol. 
2022;13:862085. https://doi.org/10.15761/IMM.1000246

14. Uchiumi F, Arakawa J, Takihara Y, Akui M, Ishibashi S, 
Tanuma S. The effect of trans-resveratrol on the expression 
of the human DNA-repair associated genes. Integr Mol Med. 
2016;3(5):783-92. https://doi.org/10.15761/IMM.1000246

15. Kartal M, Saydam G, Sahin F, Baran Y. Resveratrol triggers 
apoptosis through regulating ceramide metabolizing genes in 
human K562 chronic myeloid leukemia cells. Nutr Cancer. 
2011;63(4):637-44. https://doi.org/10.1080/01635581.20
11.538485

16. Davoodvandi A, Darvish M, Borran S, Nejati M, Mazaheri 
S, Reza Tamtaji O, et al. The therapeutic potential of 
resveratrol in a mouse model of melanoma lung metastasis. 
Int Immunopharmacol. 2020;88:106905. https://doi.
org/10.1016/j.intimp.2020.106905

17. Lin M, Yao W, Xiao Y, Dong Z, Huang W, Zhang F, et al. 
Resveratrol-modified mesoporous silica nanoparticle for 
tumor-targeted therapy of gastric cancer. Bioengineered. 
2021;12(1):6343-53. https://doi.org/10.1080/21655979.2
021.1971507

18. Guha P, Dey A, Sen R, Chatterjee M, Chattopadhyay S, 
Bandyopadhyay SK. Intracellular GSH depletion triggered 
mitochondrial Bax translocation to accomplish resveratrol-
induced apoptosis in the U937 cell line. J Pharmacol 

Exp Ther. 2011;336(1):206-214. https://doi.org/10.1124/
jpet.110.171983

19. Mahyar-Roemer M, Köhler H, Roemer K. Role of Bax in 
resveratrol-induced apoptosis of colorectal carcinoma cells. 
BMC Cancer. 2002;2(27):9. https://doi.org/10.1186/1471-
2407-2-27

20. Seong H, Ryu J, Yoo WS, Kim SJ, Han YS, Park JM, et 
al. Resveratrol Ameliorates Retinal Ischemia/Reperfusion 
Injury in C57BL/6J Mice via Downregulation of Caspase-3. 
Curr Eye Res. 2017;42(12):1650-58. https://doi.org/10.108
0/02713683.2017.1344713

21. Li Z, Pang L, Fang F, Zhang G, Zhang J, Xie M, et al. 
Resveratrol attenuates brain damage in a rat model of focal 
cerebral ischemia via up-regulation of hippocampal Bcl-2. 
Brain Res. 2012;1450:116-24. https://doi.org/10.1016/j.
brainres.2012.02.019

22. Yung Y, Lee E, Chu HT, Yip PK, Gill H. Targeting 
Abnormal Hematopoietic Stem Cells in Chronic Myeloid 
Leukemia and Philadelphia Chromosome-Negative 
Classical Myeloproliferative Neoplasms. Int J Mol Sci. 
2021;22(2):659. https://doi.org/10.3390/ijms22020659

23. Yu T, Wang Z, You X, Zhou H, He W, Li B, et al. Resveratrol 
promotes osteogenesis and alleviates osteoporosis by 
inhibiting p53. Aging (Albany NY). 2020;12(11):10359-69. 
https://doi.org/10.18632/aging.103262

24. Fang Y, Liu J, Zhang Q, She C, Zheng R, Zhang R, et al. 
Overexpressed VDAC1 in breast cancer as a novel prognostic 
biomarker and correlates with immune infiltrates. World J 
Surg Oncol. 2022;20(1):211. https://doi.org/10.1186/s12957-
022-02667-2

25. Chen F, Yin S, Luo B, Wu X, Yan H, Yan D, et al. VDAC1 
Conversely Correlates with Cytc Expression and Predicts 
Poor Prognosis in Human Breast Cancer Patients. Oxid 
Med Cell Longev. 2021;2021(1):7647139. https://doi.
org/10.1155/2021/7647139

26. Lee HY, Nga HT, Tian J, Yi HS. Mitochondrial Metabolic 
Signatures in Hepatocellular Carcinoma. Cells. 
2021;10(8):1901. https://doi.org/10.3390/cells10081901


