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Abstract: This letter highlights a critical methodological issue in experimental cancer research: the overreliance on 

gene expression data, particularly BAX and BCL2, as standalone evidence of apoptosis. We argue that 

transcriptional changes alone are insufficient to confirm apoptotic cell death due to poor correlation with protein 

activity and lack of functional validation. A multi-level validation strategy integrating gene expression, protein-

level analysis, and functional assays is proposed to improve accuracy and reproducibility. 
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Kanser Araştırmalarında Apoptozu Doğrulamak İçin Tek Başına Gen 

Ekspresyonu Yetersizdir: Standardize Edilmiş Çok Katmanlı 

Doğrulama İçin Bir Çağrı 

Özet: Bu editöre mektup, deneysel kanser araştırmalarında önemli bir metodolojik soruna dikkat çekmektedir: 

özellikle BAX ve BCL2 olmak üzere gen ekspresyon verilerinin apoptozun tek başına kanıtı olarak aşırı 

kullanılması. Transkripsiyonel değişikliklerin, protein aktivitesi ile zayıf korelasyon göstermesi ve fonksiyonel 

doğrulama eksikliği nedeniyle, apoptotik hücre ölümünü doğrulamak için yetersiz olduğu vurgulanmaktadır. Bu 

bakımdan, doğruluk ve tekrarlanabilirliği artırmak amacıyla gen ekspresyonu, protein düzeyi analizleri ve 

fonksiyonel testleri içeren çok katmanlı bir doğrulama yaklaşımı önerilmektedir. 

Anahtar kelimeler: Apoptoz, Gen ekspresyonu, BAX/BCL2, Kanser araştırmaları, Metodolojik doğrulama. 

Dear Editor, 

Apoptosis is a fundamental biological process central to cancer progression, therapeutic response, 

and tissue homeostasis. Accurate identification of apoptotic cell death is therefore essential for 

interpreting experimental findings in oncology research. However, an increasing number of studies rely 

predominantly on gene expression analyses, particularly BAX and BCL2, as primary or sole evidence 

of apoptosis. This practice raises important methodological concerns and may compromise the validity, 

reproducibility, and translational relevance of reported findings. 

Apoptosis is a highly regulated, multi-step process involving mitochondrial outer membrane 

permeabilization, cytochrome c release, caspase activation, chromatin condensation, and DNA 
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fragmentation (Mustafa et al., 2024; Rodríguez-González and Gutiérrez-Kobeh, 2023). These events 

are controlled at multiple regulatory levels, including transcriptional, post-transcriptional, translational, 

and post-translational mechanisms. Consequently, although transcriptional alterations provide 

valuable insights into apoptotic signaling and upstream regulatory responses, they do not necessarily 

reflect the functional execution of apoptosis at the cellular level when used in isolation. 

A key limitation of gene expression–based inference is the frequently observed discrepancy between 

mRNA abundance and protein expression. Previous studies have demonstrated that mRNA levels may 

not consistently correlate with protein activity due to differences in mRNA stability, translational 

efficiency, protein degradation, and post-translational regulation (Truong et al., 2024; Zheng et al., 2025). 

Therefore, transcriptional alterations in genes such as BAX or BCL2 should be interpreted cautiously 

and ideally complemented with protein-level and functional validation. 

Moreover, the functional activity of BCL2 family proteins depends on post-translational 

modifications, subcellular localization, and protein–protein interactions (Ilyas and Lee, 2025). Therefore, 

transcriptional measurements alone may not accurately reflect apoptotic activity. For instance, 

activation of BAX requires conformational changes and translocation to the mitochondrial outer 

membrane events that cannot be inferred from gene expression data alone. Similarly, anti-apoptotic 

proteins such as BCL2 exert their effects through dynamic interactions with pro-apoptotic partners, 

further limiting the interpretability of transcriptional measurements. 

Another important consideration is the temporal dynamics of apoptosis. Early transcriptional 

responses to stress may reflect reversible or adaptive signaling rather than irreversible commitment to 

apoptosis (Lissek, 2025). Without temporal and functional validation, distinguishing between transient 

cellular stress and true apoptotic execution remains problematic. 

Another methodological consideration involves the widespread use of metabolic assays such as 

MTT. These assays remain valuable and practical tools for evaluating cellular metabolic activity and 

preliminary treatment responses. However, because they primarily reflect mitochondrial metabolic 

function rather than direct apoptotic events, interpretation of MTT findings as definitive evidence of 

apoptosis should be supported by complementary apoptosis-specific assays (Madorran et al., 2024). 

Consequently, combining MTT results with gene expression data may lead to overinterpretation and 

misclassification of cellular outcomes. 

Despite these well-recognized limitations, a substantial proportion of experimental cancer studies 

continue to infer apoptosis primarily from gene expression data without sufficient protein-level or 

functional validation, highlighting a persistent gap between methodological knowledge and research 

practice. 

From a broader perspective, the reliance on gene expression alone to infer apoptosis may lead to 

overinterpretation of experimental findings, particularly in studies evaluating novel anticancer agents. 

Such practices risk generating misleading conclusions regarding therapeutic efficacy and underlying 

mechanisms, ultimately limiting translational relevance and reproducibility across studies. 

To improve methodological rigor, I propose that apoptosis evaluation in experimental cancer 

research should incorporate a multi-level validation strategy consisting of: 

 Transcriptional analysis: Expression of apoptosis-related genes (e.g., BAX, BCL2) 

 Protein-level validation: Detection of functional proteins (e.g., cleaved caspase-3, caspase-9, 

BAX/BCL2 protein ratio) 
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 Functional assays: Direct evidence of apoptosis (e.g., Annexin V/propidium iodide staining, TUNEL 

assay, cytochrome c release) (Alshiraihi and Kato, 2023; Adtani et al., 2025; Zhao et al., 2025).  

This integrative approach reflects the biological complexity of apoptosis and provides a more reliable 

framework for interpreting experimental results. 

Overall, gene expression analyses provide important insights into upstream regulatory signaling 

and may serve as useful preliminary indicators of apoptotic responses. However, transcriptional 

findings alone are insufficient to conclusively establish apoptotic cell death. Adoption of standardized, 

multi-layered validation strategies integrating transcriptional, protein-level, and functional analyses 

may substantially improve the accuracy, reproducibility, and translational relevance of experimental 

cancer research. 

Ethical Statement: This manuscript is a Letter to the Editor and does not involve any human 
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