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 Lung cancer, particularly non-small cell lung cancer (NSCLC), remains a leading cause of cancer-related 

mortality. Mutations in the tumor suppressor protein p53 contribute to tumor progression and 

chemoresistance, making p53 reactivation a promising therapeutic strategy. PRIMA-1(Met), a small 
molecule designed to restore mutant p53 function, has shown potential in various cancers. This study 

investigates the cytotoxic effects of PRIMA-1(Met), alone and in combination with etoposide, on NSCLC 

cell lines. Human NSCLC cell lines A549 (p53-wild type) and NCI-H1975 (p53-mutant) were treated with 
PRIMA-1(Met) and/or etoposide. Cell viability was assessed using the WST-1 assay at 24, 48, and 72 hours. 

Statistical analyses were performed using one-way ANOVA followed by Tukey’s test. PRIMA-1(Met) 

exhibited a dose- and time-dependent cytotoxic effect, with NCI-H1975 cells showing greater sensitivity 
compared to A549 cells (p<0.001). Etoposide treatment alone induced cytotoxicity, but its combination with 

PRIMA-1(Met) significantly enhanced cell death in both cell lines, particularly in p53-mutant NCI-H1975 

cells (p<0.001). These findings suggest that PRIMA-1(Met) is more effective in p53-mutant NSCLC cells 
and that its combination with etoposide enhances its therapeutic potential. This study supports further 

investigation into PRIMA-1(Met) as a targeted therapy for p53-mutant NSCLC, particularly in combination 

with standard chemotherapy. 
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1. Introduction 

Cancer remains one of the leading causes of mortality 

worldwide, with an increasing number of cases reported each 

year. While advances in chemotherapy have improved survival 

rates, limitations such as drug resistance and severe side effects 

continue to drive the search for novel therapeutic approaches. 

As a result, combination therapies and targeted treatments have 

gained significant attention, particularly those aimed at 

modulating key molecular pathways involved in tumor 

progression. Among these, strategies targeting the apoptosis 

pathway have emerged as promising alternatives to 

conventional chemotherapy. 

The tumor suppressor protein p53 plays a crucial role in 

maintaining genomic integrity by regulating the cell cycle and 

apoptosis. Often referred to as the "guardian of the genome", 

p53 prevents tumor formation by halting the proliferation of 

damaged or mutated cells [1]. However, p53 mutations occur in 

nearly 50% of human cancers, leading to loss of its tumor-

suppressive function and contributing to cancer progression and 

drug resistance [2]. Mutant p53 is not only inactive but can also 

acquire oncogenic properties, making it an attractive target for 

cancer therapy. As a result, pharmacological reactivation of 

mutant p53 has been proposed as a novel therapeutic strategy 

[3]. 
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Over the past two decades, multiple small molecules have 

been identified to restore wild-type p53 function, with PRIMA-

1 (p53 reactivation and induction of massive apoptosis) and its 

methylated derivative PRIMA-1(Met) (also called APR246) 

being among the most widely studied [4,5]. PRIMA-1(Met) has 

demonstrated significant potential in preclinical studies by 

converting mutant p53 into an active conformation, thereby 

restoring its tumor-suppressive functions in various cancers [6]. 

Studies suggest that mutant p53 levels can be further 

manipulated using chemotherapeutic agents to enhance tumor 

cell sensitivity to PRIMA-1(Met). This has led to the 

exploration of combination therapies, where PRIMA-1(Met) is 

used alongside conventional chemotherapy drugs to maximize 

anticancer effects [7]. In this study, we aimed to evaluate the 

anticancer effects of PRIMA-1(Met) in combination with the 

widely used chemotherapeutic agent etoposide in non-small cell 

lung cancer (NSCLC) cell lines. Although PRIMA-1(Met) has 

been extensively studied in various cancers, its effects in 

NSCLC, particularly in combination with etoposide, remain 

largely unexplored. 

To address this, we have examined the cytotoxic effects 

of PRIMA-1(Met) and etoposide individually, as well as in 

combination, on two NSCLC cell lines: NCI-H1975 (p53-

mutant) and A549 (p53-wild type). Our objective was to 
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determine whether PRIMA-1(Met) exhibits enhanced efficacy 

in p53-mutant cells and whether its combination with etoposide 

provides a synergistic effect. Understanding the interplay 

between PRIMA-1(Met) and etoposide could provide valuable 

insights into the development of more effective therapeutic 

strategies for NSCLC, particularly in patients harboring p53 

mutations. 

2. Material and Method 

2.1. Cell Culture and Reagents 

Cell Culture and ReagentsPRIMA-1(Met) was purchased 

from Santa Cruz Biotechnology (USA) and dissolved in 

ultrapure water (Sigma, USA) before use. Etoposide was 

prepared in DMEM supplemented with 1% FBS. 

2.2. Cell Viability Assay 

Cell viability was assessed using the WST-1 colorimetric 

assay. The WST-1 assay is a colorimetric method used to assess 

cell viability and proliferation. It is based on the cleavage of the 

tetrazolium salt WST-1 by cellular mitochondrial 

dehydrogenases in viable cells, producing a soluble formazan 

dye. The amount of the produced formazan is directly 

proportional to the number of metabolically active cells and can 

be measured by absorbance at 440–480 nm. 

NCI-H1975 and A549 cells were seeded in 96-well 

microtiter plates at a density of 5 × 10³ cells/well in 200 µL of 

culture medium and incubated overnight to allow cell 

attachment. After 24, 48, and 72 hours of exposure to PRIMA-

1(Met) and/or etoposide, 10 µL of WST-1 reagent (Roche 

Diagnostics GmbH, Mannheim, Germany; Catalog#: 

11.644.807.001) was added to each well. The plates were 

incubated for a further period of 4 hours at 37°C, and 

absorbance was measured at 450 nm using an ELISA microplate 

reader (Thermo Labsystem Multiscan Spectrum, Thermo 

Labsystem, Chantilly, VA, USA). 

Cell viability was calculated using the following formula 

[8]: % Cytotoxicity = (1-(OD450 treated/OD450 control) x 

100). 

All experiments were performed in quadruplicate and 

repeated four independent times. Morphological changes in the 

cells were observed using an Olympus IX71 inverted 

microscope. 

2.3. Statistical Analysis 

All data were expressed as mean ± standard error of 

the mean (SEM). The Kolmogorov-Smirnov test was 

used to assess data normality. Differences between the 

control and experimental groups were analyzed using 

one-way ANOVA, followed by Tukey's multiple 

comparison test using Instat 3.0 software. Statistical 

significance was set at: p<0.05 (statistically significant, 

*), p<0.01 (highly significant, **), p<0.001 (extremely 

significant, ***). All graphs were generated using 

Microsoft Excel software. 

3. Results  

3.1 Effect of PRIMA-1(Met) on Cell Viability in A549 Cells 

The cytotoxic effects of PRIMA-1(Met) on A549 (p53-

wild type) cells were evaluated after 24, 48, and 72 hours of 

treatment. Statistical analyses revealed that after 24 hours, the 

highest cytotoxic effects were observed at 10 and 20 µM doses 

compared to the control group (p<0.001). After 48 hours, the 

highest cytotoxic effects were detected at 10, 40, and 50 µM 

doses (p<0.001). After 72 hours, the most significant reduction 

in cell viability was observed at 40 and 50 µM doses (p<0.001). 

These results indicate a time- and dose-dependent cytotoxic 

effect of PRIMA-1(Met) in A549 cells (Fig. 1). 

 

Fig. 1 Effect of PRIMA-1(Met) on cell viability in A549 cells (*, p<0.05; **, p<0.01; ***, p<0.001).  
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3.2. Effect of Etoposide on Cell Viability in A549 Cells 

To assess the cytotoxicity of etoposide in A549 cells, cell 

viability was analyzed at 24, 48, and 72 hours post-treatment. 

After 24 hours, the highest cytotoxic effects were observed at 

20 and 40 µM doses (p<0.001). However, after 48 hours, no 

significant difference was detected between the control group 

and any of the treatment doses. By the end of 72 hours, a dose-

dependent increase in cytotoxicity was observed, with the 

highest effect seen at 20 µM (p<0.01) and at 40 and 50 µM 

(p<0.001). (Fig. 2) 

3.3. Cytotoxicity of PRIMA-1(Met) and Etoposide 

Combination in A549 Cells  

Following the determination of effective PRIMA-1(Met) 

and etoposide doses, their combination was analyzed for 

synergistic cytotoxic effects in A549 cells. At the end of 24 

hours, all combination treatments demonstrated significantly 

enhanced cytotoxicity compared to the control (p<0.001), 

suggesting a potential additive or synergistic interaction 

PRIMA-1(Met) and etoposide in p53-wild type NSCLC cells 

(Fig. 3). 

3.4. Effect of PRIMA-1(Met) on Cell Viability in NCI-H1975 

Cells 

The cytotoxic effects of PRIMA-1(Met) were also 

evaluated in NCI-H1975 (p53-mutant) cells after 24, 48, and 72 

hours of treatment. PRIMA-1(Met) exhibited a dose- and time-

dependent cytotoxic effect in these cells (Fig. 4). The lowest 

tested dose (5 µM) had no significant effect at 24 and 48 hours 

(p > 0.05), but after 72 hours, it caused a significant decrease in 

cell  viability  compared  to  the  control (p<0.001). The 10 µM  

 

Fig. 2 Cytotoxic effects of Etoposide on A549 cells (**, p<0.01; ***, p<0.001). 

 

Fig. 3  PRIMA-1(Met)  and Etoposide Combination-Induced Cytotoxicity in A549 Cells (P: Prima-1; E: Etoposide; P1: 5 µM, 

P2: 10 µM, P3: 20 µM, P4: 40 µM; E2: 20 µM, E3: 40 µM; *, p<0.05; **, p<0.01; ***, p<0.001). 
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dose showed moderate cytotoxicity at 24 hours (p<0.01) and a 

stronger effect at 48 and 72 hours (p<0.001). Higher doses of 

PRIMA-1(Met) (20, 40, and 50 µM) resulted in a dose-

dependent decrease in cell viability across all time points 

(p<0.001). These findings indicate that PRIMA-1(Met) is 

highly effective in p53-mutant NSCLC cells, particularly with 

prolonged exposure. 

3.5. Effect of Etoposide on Cell Viability in NCI-H1975 Cells 

The cytotoxic effects of etoposide on NCI-H1975 cells 

were examined at 24, 48, and 72 hours. A dose- and time-

dependent decrease in cell viability was observed, with the 

highest cytotoxic effects detected at 20 and 40 µM doses 

(p<0.001). These findings indicate that etoposide alone 

effectively reduces cell viability in p53-mutant NSCLC cells 

(Fig. 5). 

3.6. Cytotoxicity of PRIMA-1(Met) and Etoposide 

Combination in NCI-H1975 Cells 

In order to investigate the potential synergistic effects of 

PRIMA-1(Met) and etoposide, their combination was evaluated 

in NCI-H1975 cells (Fig. 6). The results demonstrated a strong 

cytotoxic effect in a time-dependent manner, with significant 

reductions in cell viability observed at all tested combinations 

(p<0.001). Notably, the combination treatment was more 

effective in NCI-H1975 cells compared to A549 cells, 

suggesting that PRIMA-1(Met) is particularly potent in p53-

mutant cancer cells when used alongside etoposide, possibly 

through an additive or synergistic mechanism.

 

Fig. 5 Cytotoxic effects of Etoposide on NCI-H1975 cells (*, p<0.05; ***, p<0.001). 

 

Fig. 6 PRIMA-1(Met) and Etoposide Combination-Induced Cytotoxicity in NCI-H1975 Cells (P: Prima-1; E: Etoposide; P1: 5 µM, 

P2: 10 µM, P3: 20 µM, P4: 40 µM; E2: 20 µM, E3: 40 µM; ***, p<0.001). 
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4. Discussion 

The tumor suppressor p53 plays a fundamental role in 

maintaining cellular homeostasis by triggering apoptosis and 

cell cycle arrest in response to genetic damage. However, p53 

mutations are highly prevalent in cancer, often resulting in loss 

of its protective functions and contributing to tumorigenesis [1]. 

Given its pivotal role, reactivating mutant p53 has emerged as a 

promising therapeutic strategy for treating cancers resistant to 

conventional therapies. Among the small molecules designed to 

restore p53 function, PRIMA-1(Met) has demonstrated 

significant potential in preclinical studies by inducing apoptosis 

in p53-mutant cancer cells [4;9-14]. 

Our findings confirm that PRIMA-1(Met) exhibits 

significant cytotoxic effects on NSCLC cells in a dose- and 

time-dependent manner. Notably, p53-mutant NCI-H1975 cells 

displayed greater sensitivity to PRIMA-1(Met) compared to 

p53-wild type A549 cells, reinforcing the hypothesis that 

PRIMA-1(Met) is more effective in tumors harboring p53 

mutations. These results line up with previous reports 

demonstrating that PRIMA-1(Met) preferentially induces 

apoptosis in mutant p53-expressing cancer cells [15]. 

Given that p53-mutant tumors are generally more 

resistant to chemotherapy, strategies to enhance their sensitivity 

are critical. Our study explored the potential of combining 

PRIMA-1(Met) with etoposide, a DNA-damaging agent 

commonly used in NSCLC treatment. Our results revealed that 

etoposide significantly enhanced PRIMA-1(Met)-induced 

cytotoxicity, particularly in p53-mutant NCI-H1975 cells. This 

finding is consistent with previous studies in small-cell lung 

cancer (SCLC) models, where PRIMA-1(Met) in combination 

with etoposide exhibited strong synergistic effects [16]. 

The observed synergy between PRIMA-1(Met) and 

etoposide can be attributed to their complementary mechanisms 

of action. Etoposide induces DNA damage, leading to the 

accumulation of mutant p53, which in turn enhances PRIMA-

1(Met)-mediated apoptosis. Additionally, PRIMA-1(Met) has 

been shown to modulate cellular redox balance, further 

sensitizing tumor cells to chemotherapeutic agents [5;11]. These 

findings suggest that the combination of PRIMA-1(Met) with 

standard chemotherapy regimens could be a viable strategy for 

treating p53-mutant NSCLC. Although our data showed 

significantly increased cytotoxicity in combination treatments, 

further studies utilizing drug interaction models such as Chou-

Talalay or Bliss independence analysis are required to 

definitively characterize the interaction as additive or 

synergistic. 

Recent studies have increasingly supported the use of 

PRIMA-1(Met) in combination with DNA-damaging agents to 

enhance therapeutic efficacy in TP53-mutant cancers. For 

instance, in TP53-mutant myelodysplastic syndromes (MDS) 

and acute myeloid leukemia (AML), the combination of 

PRIMA-1(Met) with azacitidine has demonstrated significant 

synergistic effects, leading to higher complete remission rates 

and improved overall survival compared to azacitidine alone 

[17]. Furthermore, a Phase I study combining PRIMA-1(Met) 

with azacitidine and venetoclax in TP53-mutant AML patients 

showed promising preliminary efficacy, suggesting that this 

triplet regimen may overcome resistance observed with 

standard therapies [18]. In solid tumors, PRIMA-1(Met) has 

been shown to restore p53 function and enhance the efficacy of 

DNA-damaging agents. For example, in breast cancer cell lines 

harboring TP53 mutations, PRIMA-1(Met) treatment led to 

increased DNA repair activity and reduced genomic instability 

when combined with cisplatin [19]. Similarly, in esophageal 

cancer models, PRIMA-1(Met) induced apoptosis and enhanced 

chemosensitivity to 5-fluorouracil, particularly in TP53-mutant 

contexts [20]. These findings align with our current study and 

highlight the broad applicability of PRIMA-1(Met) in 

combination therapies targeting mutant p53-driven tumors. 

Despite these promising findings, some limitations may 

yet be considered. First, our study was conducted in vitro, and 

the efficacy of PRIMA-1(Met) in combination with etoposide 

should be further evaluated in in vivo models to confirm its 

clinical potential. Second, protein-level validation of mutant 

p53 reactivation via western blot or immunohistochemistry 

would strengthen our mechanistic insights. Lastly, while our 

results highlight the enhanced cytotoxicity of PRIMA-1(Met) in 

p53-mutant NSCLC, further studies are needed to explore its 

effects on additional NSCLC subtypes and in patient-derived 

tumor models. 

5. Conclusion 

Our study provides new insights into the anticancer effects 

of PRIMA-1(Met) in NSCLC, demonstrating that p53-mutant 

cells are more sensitive to its effects than p53-wild type cells. 

Furthermore, our findings suggest that combining PRIMA-

1(Met) with etoposide significantly enhances its cytotoxic 

effects, supporting the rationale for exploring this combination in 

p53-mutant NSCLC therapy. These results contribute to the 

growing body of evidence supporting the clinical development 

of PRIMA-1(Met) and highlight the need for further in vivo 

validation to assess its full therapeutic potential. 

Declaration 

Author Contribution: Conceive– N. I.; Design– N. I.; 

Supervision- N. I.; Experimental Performance, Data Collection 

and Processing– F.T.K., N. I.; Analysis and Interpretation– 

F.T.K., N. I.; Literature Review– F.T.K., N. I.; Writer– F.T.K., 

N. I.; Critical Review– N. I. 

Acknowledgment 

The author(s) declare that this study was supported Akdeniz 

University Scientific Research Projects Unit (FYL-2019-4600). 

Conflict of interests: The author(s) have declared no conflict 

of interest. 

Orcid-ID 

Fatma T. KAHRAMAN  https://orcid.org/0000-0002-1923-

0987  

Nilüfer İMİR  https://orcid.org/0000-0002-5508-8666 

References 

[1] Kastenhuber ER and Lowe SW, Putting p53 in 

Context. Cell, 2017. 170(6): p. 1062–1078. 

[2] Lane DP, Cancer. p53, guardian of the genome. Nature, 

1992. 358(6381): p. 15–6. 

https://orcid.org/0000-0001-6127-8274
https://orcid.org/0000-0001-6127-8274
https://orcid.org/0000-0003-2213-6796
about:blank
about:blank


Combination Therapy in p53-Mutant NSCLC Journal of Balkan Science and Technology 2025: 4(1): 17-22 
 

22 

 

[3] Hong B, van den Huvel PJ, Prabhu V, Zhang S, and El-

Deiry W. 2014. Targeting tumor supressor p53 for cancer 

therapy: strategies, challenges and opportunities. Current 

drug targets, 15(1), 80-89. 

[4] Aryee DNT, Niedan S, Ban J, Schwentner R, Muehlbacher 

K, Kauer M, Kofler R, Kovar H. 2013. Variability in 

functional p53 reactivation by Prima-1Met / APR246 in 

ewing sarcoma. British journal of Cancer, 109(10), 2696-

2704. 

[5] Bykov VJN, Zhang Q, Zhang M, Ceder S, Abrahmsen L, 

Wiman KG. 2016. Targeting of mutant p53 and the cellular 

redox balance by APR-246 as a strategy for efficient cancer 

therapy. Frontier in Oncology, Journal of Ovarian Research, 

14, 9(1), 27 

[6] Wiman KG. 2010. Pharmacological reactivation of mutant 

p53: from protein structure to the cancer patient. Oncogene, 

29(30), 4245. 

[7] Synnott NC, Madden SF, Bykov VJN, Crown J, Wiman 

KG, and Duffy MJ. 2018. The mutant p53-targeting 

compound APR-246 induces ROS-modulating genes in 

breast cancer cells. Translational Oncology, 11(6), 1343-

1349. 

[8] Shang D, Liu Y, Liu Q, Zhang F, et al. (2009). Synergy of 

5-aza-20-deoxycytidine (DAC) and paclitaxel in both 

androgen-dependent and -independent prostate cancer cell 

lines. Cancer Lett. 278: 82-87. 

[9] Mohell N, Alfredsson J, Fransson A, Uustalu M, Byström 

S, Gullbo J, Wiman KG. et al. 2015. APR-246 overcomes 

resistance to cisplatin and doxorubucin in ovarian cancer 

cells. Cell Death Disease, 6(6),e1794. 

[10] Bykov VJN, Issaeva N, Zache N, Shilov A, Hultcrantz M, 

Bergman J, Wiman KG et al. 2005a. Reaactivation of 

mutant p53 and induction of apoptosis in human tumor cells 

by maleimide analogs. Journal of Biplogical Chemistry. 

280(34), 30384-30391. 

[11] BykovVJN, Zache N, Stridh IH, Westman J, Bergman J, 

Selivanova G, Wiman KG. 2005b. Prima-1(met) synergizes 

with cisplatin to induce tumor cell apoptosis. Oncogene, 

24(21), 3484-3491.  

[12] Ali D, Jönsson-Videsater K, Deneberg S, Bengtzen S, Nahi 

H, Paul C, and Lehmann S. 2011. APR-246 exhibits anti-

leukemic activity and synergism with conventional 

chemotherapeutic drugs in acute myeloid leukemia cells. 

Eurepean Journal of Haematology, 86(3), 206-215. 

[13] Fransson A, Glaessgen D, Alfredsson J, Wiman KG, 

Bajalica-Lagercrantz S, Mohell N. 2016. Strong synergy 

with APR-246 and DNA-damaging drugs in primary cancer 

cells from patients with TP53 mutant High-Grade Serous 

ovarian cancer. Journal of Ovarian Research, 9(1), 27. 

[14] Synnott NC, Murray AM, O’Donovan N, Duffy MJ, Crown 

J. 2017. Combined treatment using the anti-p53 drug, 

APR_246 and eribulin: Synergistic growth inhibition in 

p53-mutated breast cancer cells. Journal of Clinical 

Oncology, 35(15), e14098. 

[15] Magrini R, Russo D, Ottaggio L, Fronza G, Inga A, and 

Menichini P. 2008. Prima-1 synergizes with adriamycin to 

induce cell death in non-small cell lung cancer cells. Jornal 

of Cellular Biochemistry, 104(6), 2363-2373. 

[16] Mohell N, Fransson A, Alfredsson J, von Euler M, Byström 

S, Gullbo J, Wiman KG. 2016. Synergistic effect with APR-

246 and standard chemotherapy in small cell lung cancer 

cells carrying smokeing-associated TP53 mutations. 

Proceedings: AACR 107th Annual Meeting, April 16-20, 

2016; New Orleans, LA. 

[17] Sallman DA, DeZern AE, Guillermo GM, Steensma DP, 

Roboz GJ, Sekeres MA, Cluzeau T, Sweet KL, McLemore 

AF, McGraw K, Puskas J, Zhang L, Yao J, Mo Q, Nardelli 

L, Ali NA, Padron E, Korbel G, Attar EC, Kantarjian HM, 

Lancet JE, Fenaux P, List AF, Komrokji RS. 2019. Phase 2 

Results of APR-246 and Azacitidine (AZA) in Patients 

with TP53 mutant Myelodysplastic Syndromes (MDS) and 

Oligoblastic Acute Myeloid Leukemia (AML). Blood 134 

(Supplement 1): 676. 

[18] Guillermo GM, Goldberg AD, Winer ES, Altman JK, Fathi 

AT, Odenike O, Roboz GJ, Gallacher P, Wennborg A, 

Hickman DK, Attar EC, Sallman DA. 2021. Phase I and 

Expansion Study of APR-246 in Combination with 

Venetoclax (VEN) and Azacitidine (AZA) in TP53-Mutant 

Acute Myeloid Leukemia (AML). Blood 138 (Supplement 

1): 3409. 

[19] Amirtharaj F, Venkatesh GH, Wojtas B, Nawafleh HH, 

Mahmood AS, Nizami ZN, Khan MS, Thiery J, Chouaib S. 

2022. p53 reactivating small molecule 

PRIMA‑1MET/APR‑246 regulates genomic instability in 

MDA‑MB‑231 cells. Oncol Rep; 47(4):85. 

[20] Lin PI, Lee YC, Chen IH and Chung HH. 2025. 

Pharmacological Modulation of Mutant TP53 with 

Oncotargets Against Esophageal Cancer and Therapy 

Resistance. Biomedicines 2025, 13(2), 450 

 

License: This article is available under a 

Creative Commons License (Attribution 4.0 

International, as described at 

https://creativecommons.org/licenses/by-

nc/4.0/ ) 

 

https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

