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ABSTRACT 

Large cell lung carcinoma (LCLC) is a highly aggressive, undifferentiated subtype of non-small 

cell lung cancer characterized by rapid metastasis and resistance to traditional systemic 

chemotherapies. Targeted immunotherapies using cytokines like Interleukin-24 (IL-24) represent 

promising avenues to selectively induce cancer-specific cell death. This study evaluated the 

concentration-dependent cytotoxic and molecular modulatory effects of IL-24 on patient-derived 

primary LCLC cell lines. Primary LCLC cultures established from ultrasound-guided tru-cut biopsies 

were treated with varying concentrations of recombinant human IL-24 protein. Cell viability and 

growth inhibition rates were quantified using the MTT colorimetric assay. Transcriptional variations 

in the autophagic flux marker (LC3) and the initiator of intrinsic apoptosis (caspase-9) were evaluated 

using quantitative real-time PCR (RT-qPCR). MTT assay profiling demonstrated a strong 

concentration-dependent cytotoxic effect after 48 hours of treatment, yielding a half-maximal 

inhibitory concentration (IC50) of 22.9 pg/mL. Cell viability sharply collapsed from 82.5% at a sub-

threshold dose of 5 pg/mL down to 14.7% at the maximum concentration of 100 pg/mL. RT-qPCR 

tracking showed a robust, dose-dependent upregulation of LC3 across all tested doses, indicating 

immediate activation of the autophagic pathway. Conversely, apoptotic response tracking revealed a 

distinct threshold activation; caspase-9 expression remained low at 10 pg/mL but co-elevated 

drastically with LC3 at higher concentrations of 50 pg/mL and 100 pg/mL. These findings validate 

that IL-24 exerts potent anti-cancer activity in primary LCLC by triggering excessive, toxic 

autophagy that drives past a cytoprotective survival threshold, successfully engaging the 

ATG4/ATG5 molecular switch to orchestrate a fatal transition into the intrinsic mitochondrial 

apoptotic pathway. Consistently supported by quantitative alignment between gene upregulation and 

loss of viability, IL-24 proves to be a compelling therapeutic candidate that warrants advanced in 

vivo evaluation.
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INTRODUCTION 

Lung carcinoma is one of the most 

prevalent and lethal malignancies worldwide, 

accounting for a significant proportion of 

cancer-related mortality [1]. Non-small cell 

lung cancer (NSCLC) comprises most of these 

cases. large cell lung carcinoma (LCLC) is one 

of non-small lung carcinoma that represents a 
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distinct, highly aggressive, and 

undifferentiated subtype. LCLC is clinically 

characterized by its rapid proliferation, early 

metastasis, and characteristically poor clinical 

prognosis, making it a formidable challenge in 

pulmonary oncology [2]. 

Historically, the standard of care for 

advanced LCLC has depend on traditional 

cytotoxic chemotherapies, particularly 

platinum-based chemotherapy regimens. 

While these chemotherapeutic agents 

effectively disrupt cellular division and 

temporarily reduce tumor burden, but their 

lack of target specificity results in many 

serious systemic adverse effects. Patients 

frequently suffer from severe toxicities, 

including myelosuppression, nephrotoxicity, 

and gastrointestinal distress [3]. Furthermore, 

the long-term efficacy of chemotherapy is 

frequently compromised by the development 

of multidrug resistance by cancer cells, 

severely limiting survival outcomes and 

highlighting the urgent need for more targeted 

interventions [4]. 

To address the limitations of 

conventional chemotherapy, cancer treatment 

has increasingly shifted toward targeted 

immunotherapies. Unlike traditional agents 

that attack all rapidly dividing cells, 

immunotherapy enhances and facilitates the 

patient’s immune system to recognize and 

eliminate malignant cells [5]. This strategy 

offers the potential for more specific and 

durable antitumor responses while reducing 

off-target systemic toxicity. Among 

immunotherapeutic approaches, cytokines—

particularly interleukins—have emerged as 

important molecular tools. Interleukins are 

powerful regulators of the immune response 

that can modify the tumor microenvironment, 

activate cytotoxic T cells, and directly induce 

tumor cell death [6]. 

Among the array of immunomodulatory 

cytokines, Interleukin-24 (IL-24), also known 

as melanoma differentiation-associated gene-7 

(mda-7), has distinguished itself as a 

multidimensional and highly potent anti-

cancer therapeutic [7]. A unique hallmark of 

IL-24 is its "bystander effect" and its profound 

cancer-specific cytotoxicity; it selectively 

induces cell death in diverse tumor lineages 

without exerting harmful effects on normal, 

healthy cells. Mechanistically, IL-24 represses 

protective mitochondrial proteins such as 

BCL-2, promotes the liberation of BAX, and 

orchestrates DNA damage and growth 

suppression [8,9]. IL-24 initiates tumor 

destruction by triggering excessive, toxic 

autophagy that eventually reaches a critical 

threshold, prompting a calpain-mediated 

cleavage of ATG5. This event acts as a 

physiological switch, decisively shifting the 

cellular response from cytoprotective 

autophagy to irreversible intrinsic apoptosis 

[10]. 

Despite the well-documented efficacy of 

IL-24 across various solid tumors, its precise 

molecular kinetics and autophagic thresholds 

within the highly aggressive LCLC subtype 

remain insufficiently characterized. Therefore, 

the recent study is hypothesized that IL-24 

functions as a potent, concentration-dependent 

therapeutic agent in large cell lung carcinoma 

primary cell line by driving autophagic flux 

past the cytoprotective threshold, ultimately 

orchestrating a fatal switch to the intrinsic 

apoptotic pathway. 

The ercent study was conducted to 

evaluate the targeted in vitro cytotoxicity of 

IL-24 on LCLC cells. Specifically, this study 

aims to define the chemotherapeutic 

concentration gradient required to suppress 

cell viability via MTT assay and to elucidate 

the molecular relation between excessive 

autophagy and cell death via quantifying the 

co-elevation of LC3 (as a marker of autophagic 

flux) and caspase-9 (as the primary initiator of 

intrinsic apoptosis). 
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MATERIALS AND METHODS 

Preparation Primary Cell culture of tru-cut 

large cell lung carcinoma biopsies 

Primary large cell lung carcinoma cell 

lines were established from patient tru-cut core 

biopsy specimens obtained under ultrasound 

guidance and local anesthesia, following 

previously described approaches for primary 

tumor cell culture establishment (Leake et al., 

1987; Dairkee et al., 1995; Speirs, 2004). 

Immediately after collection, tissue fragments 

were transferred into RPMI-1640 medium 

supplemented with penicillin (100 U/mL), 

streptomycin (100 µg/mL), and fluconazole 

(10 µg/mL). Samples were subsequently 

washed several times with phosphate-buffered 

saline (PBS) containing antibiotic-antifungal 

agents to minimize contamination. 

The biopsy tissues were mechanically 

minced using a sterile scalpel blade and 

centrifuged at 2000 rpm for 5 min. The 

resulting fragments were then subjected to 

enzymatic dissociation in 0.25% collagenase 

and incubated for 24 h at 37 °C in a humidified 

atmosphere containing 5% CO_2. Gentle 

mechanical pipetting was performed every 10 

min to facilitate tissue digestion and cell 

release. Enzymatic activity was terminated by 

adding complete RPMI-1640 medium 

supplemented with 10% fetal bovine serum 

(FBS) and 1% penicillin/streptomycin. 

Following centrifugation at 1000 rpm for 

5 min, the cellular pellet was resuspended in 

fresh RPMI-1640 medium and seeded into T25 

culture flasks. Cultures were maintained at 37 

°C in a humidified incubator with 5% CO2 

Primary Cell Exposure to IL-24: 

Recombinant human IL-24 protein 

(MBS2097224, Mybiosource, USA) was used 

to evaluate its biological activity on primary 

lung cancer cells, specifically large cell 

carcinoma cells. Cell suspensions were 

prepared at a density of 1×10^5cells/mL, and 

120 µL of the suspension was seeded into each 

well of sterile 96-well culture plates. 

Cells were exposed to different 

concentrations of IL-24 (10, 25, 50 and 100 

pg/mL), with each concentration tested in 

triplicate. Treated cultures were incubated for 

24 h at 37 °C in a humidified atmosphere 

containing 5% CO_2. Following incubation, 

cellular responses to IL-24 exposure were 

assessed for comparative analysis among the 

tested concentrations. 

MTT Assay  

Cell viability and cytotoxic activity of IL-24 

were evaluated using the MTT assay according 

to the method described by Hayon et al. 

(2003). Briefly, primary large cell lung 

carcinoma cells were seeded into 96-well 

microtiter plates at a density of 1 ×

105cells/mL in DMEM supplemented culture 

medium and allowed to attach under standard 

incubation conditions. Different 

concentrations of IL-24 (5, 10, 50, 75, and 100 

pg/mL) were prepared in serum-free medium 

and added to the wells in triplicate. Control 

wells received serum-free medium only. Cells 

were incubated for 48 h at 37 °C in a 

humidified atmosphere containing 5% 𝐶𝑂2. 

Following treatment, 30 µL of MTT solution 

(3-(4,5-dimethylthiazol-2-yl) −

2,5-diphenyltetrazolium bromide)was added 

to each well and incubated for 1 h to allow the 

formation of intracellular formazan crystals by 

metabolically active cells. Subsequently, 30 

µL of dimethyl sulfoxide (DMSO) was added 

to dissolve the formed crystals, and the plates 

were incubated in the dark at room temperature 

for 30 min. Absorbance was then measured at 

630 nm using a microplate reader. 

The percentage of growth inhibition 

(cytotoxicity) was calculated using the 

following equation: 
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Inhibition Rate (IR%) =
𝐴 − 𝐵

𝐴
× 100 

where 𝐴represents the optical density (OD) of 

the control group and 𝐵represents the OD of 

the treated group. 

Gene Expression Analysis 

Total RNA was extracted from primary 

large cell lung carcinoma cells using a spin-

column–based RNA extraction kit according 

to the manufacturer’s instructions. Briefly, 

fresh or frozen cell pellets were homogenized 

in lysis buffer supplemented with β-

mercaptoethanol and Proteinase K, followed 

by incubation at 56 °C to ensure complete 

cellular disruption and protein digestion. The 

lysate was centrifuged, and the supernatant 

was transferred to spin columns for RNA 

purification through sequential binding, 

washing, and DNase I treatment steps to 

eliminate genomic DNA contamination. 

Purified RNA was finally eluted in RNase-free 

elution buffer and stored at −20 °C until further 

analysis. 

Lyophilized LC3 and Caspase 9 primers 

were reconstituted in nuclease-free dd H2O to 

prepare a 100 µM stock solution, while a 

working concentration of 10 µM was 

subsequently prepared and maintained at −20 

°C. Complementary DNA (cDNA) synthesis 

was performed using RT AddScript Master 

Mix in a final reaction volume of 20 µL 

containing RNA template, random hexamer 

primers, and nuclease-free water. Reverse 

transcription conditions included priming at 25 

°C for 10 min, cDNA synthesis at 50 °C for 60 

min, and enzyme inactivation at 80 °C for 5 

min. 

Quantitative real-time PCR (RT-qPCR) 

was carried out using GoTaq qPCR Master 

Mix in a total reaction volume of 20 µL 

containing forward and reverse primers, cDNA 

template, and nuclease-free water. 

Amplification was performed using an initial 

hot-start activation step at 95 °C for 10 min, 

followed by 40 amplification cycles consisting 

of denaturation at 95 °C for 10 sec, 

annealing/data collection at 60 °C for 30 sec, 

and extension at 72 °C for 30 sec. A final 

dissociation step at 72 °C for 2 min was 

included to confirm amplification specificity. 

Gene expression levels of LC3 and 

Caspase-9 were evaluated in control cells 

(without IL-24 treatment) and in cells treated 

with IL-24 at concentrations of 10, 50, and 100 

pg/mL to assess the effect of IL-24 on 

autophagy- and apoptosis-related gene 

regulation in primary large cell lung carcinoma 

cells. 

RESULTS  

Cytotoxic Effects of IL-24 on Primary 

Large Cell Lung Carcinoma Cells 

The cytotoxic activity of IL-24 against 

primary large cell lung carcinoma cells was 

assessed using the MTT assay following 

exposure to serial concentrations of IL-24 (5, 

10, 50, 75, and 100 pg/mL). The results 

demonstrated a concentration-dependent 

inhibitory effect of IL-24 on tumor cell 

proliferation after 48 h of treatment. 

Analysis of cell viability data revealed 

that the half maximal inhibitory concentration 

(IC50) of IL-24 against primary large cell lung 

carcinoma cells was 22.9 pg/mL (Fig. 1). This 

finding indicates that IL-24 exhibited a marked 

antiproliferative and cytotoxic effect on the 

cultured carcinoma cells within the tested 

concentration range.



H. Al Salih 

K J V M S, 2026, Vol. 17, No. 1                                                                                                                                     91 

 

Fig. 1. Cytotoxicity percentage and LC50 value of IL-24 against primary large cell lung carcinoma 

cells. 

LC3 and Caspase-9 Gene Expression in 

Large Cell Lung Carcinoma 

To investigate the molecular 

mechanisms underlying IL-24-induced cell 

death in primary large cell lung carcinoma 

cells, the gene expression levels of LC3 (an 

autophagy marker) and caspase-9 (an intrinsic 

apoptosis initiator) were quantified via RT-

qPCR following treatment with different 

concentrations of IL-24 (10, 50, and 100 

pg/mL). The analysis of LC3 gene expression 

revealed a statistically significant, 

concentration-dependent upregulation across 

all treated groups compared to the untreated 

control cells (Fig. 2). This progressive increase 

indicates a robust activation of the autophagic 

pathway even at the lowest administered dose. 

Conversely, the apoptotic response 

showed a distinct activation threshold; 

caspase-9 expression at the lowest 

concentration of 10 pg/mL did not show a 

significant difference compared to the control 

group. However, treatment with higher 

concentrations (50 and 100 pg/mL) induced a 

highly significant increase in caspase-9 

transcriptional activity (Fig. 3). The most 

significant elevation for both genes was 

consistently recorded at the maximum 

concentration of 100 pg/mL. The recent 

findings demonstrate that while autophagy is 

triggered at lower thresholds, higher 

concentrations of IL-24 drive a concurrent, 

dose-dependent enhancement of both 

autophagic and apoptotic pathways in primary 

large cell lung carcinoma cells.
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Fig. 2. Effect of IL-24 on LC3 Expression in Large Cell Lung Carcinoma Cells at Different 

Concentrations. 

 

 

Fig. 3. Effect of IL-24 on Casp 9 Expression in Large Cell Lung Carcinoma Cells at 

Different Concentrations. 

DISCUSSION  

IL-24 (MDA-7) was selected as the 

therapeutic agent in this study based on its 

established ability to selectively kill cancer 

cells by converting autophagy into a lethal 

process. IL-24 engages its receptors to activate 

a ROS-dependent signaling cascade that 

upregulates Beclin-1, initiating toxic 

autophagy, while calpain-mediated cleavage 

of ATG5 drives the critical shift from 

cytoprotective to cytotoxic autophagy [7]. In 

the present study, gene expression profiling of 



H. Al Salih 

K J V M S, 2026, Vol. 17, No. 1                                                                                                                                     93 

large cell lung carcinoma cells exposed to IL-

24 at 10, 50, and 100 pg/mL alongside 

untreated controls revealed a clear dose-

dependent increase in LC3 expression, 

significant only at 50 and 100 pg/mL, 

indicating that IL-24 overwhelms the 

autophagic survival threshold exclusively at 

higher doses. As a well-recognized 

autophagosome membrane marker, LC3 

upregulation faithfully captures the escalating 

autophagic activity driven by IL-24, where 

LC3-II accumulation was shown to precede the 

onset of terminal apoptosis [13]. 

Excessive autophagy is linked to 

apoptosis through ATG4 and ATG5, which 

function as key molecular switches. Calpain 

cleaves ATG5 into a 24-kDa fragment that 

redirects autophagic signaling toward 

apoptosis, and inhibition of autophagy with 3-

methyladenine enhances adenoviral MDA-

7/IL-24–induced apoptosis, suggesting that 

autophagy is initially protective before 

becoming cytotoxic [10]. In addition, calpain-

mediated ATG5 truncation commits cells to 

mitochondrial apoptosis in response to 

anticancer stimuli [14]. Once this switch 

occurs, BAX is released from BCL-2 

sequestration. IL-24 suppresses BCL-2 

expression, whereas BCL-2 overexpression 

reduces sensitivity to IL-24-induced cell death 

[8]. MDA-7/IL-24 also promotes 

mitochondrial dysfunction by downregulating 

BCL-2 and BCL-xL and upregulating BAX 

and BAK, thereby triggering cytochrome c 

release and caspase-9 activation [7]. 

Moreover, IL-24 suppresses pro-survival 

proteins such as Mcl-1, further shifting the 

intracellular balance toward apoptosis [15]. 

The activation of this intrinsic 

apoptotic pathway is directly noted in the gene 

expression data of recent study, where 

caspase-9 co-elevates with LC3 specifically at 

50 and 100 pg/mL while remaining low at 10 

pg/mL and in the untreated control, forging a 

clear molecular link between IL-24-induced 

autophagic excess and intrinsic apoptosis. 

Critically, these molecular events are 

functionally confirmed by MTT cytotoxicity 

data: untreated cells maintained ~100% 

viability with no LC3 or caspase-9 induction; 

at 5 pg/mL, viability remained relatively high 

at ~82.5%, consistent with a sub-threshold 

response; at 50 pg/mL, concurrent with 

significant gene upregulation, viability fell to 

~41.7%; and at 100 pg/mL, where both genes 

peaked, viability collapsed to ~14.7%, 

producing an LC50 of 22.9 pg/mL. The 

quantitative agreement between gene 

expression changes and cell death magnitude 

across all treatment conditions provides 

compelling evidence of a coherent, 

concentration-driven autophagy-to-apoptosis 

axis. The therapeutic potency of IL-24 in lung 

cancer specifically is further documented by 

Panneerselvam et al. (2020), who reported 

analogous growth inhibition and DNA damage 

responses in lung cancer models [9]. 

These findings are consistent with 

evidence from multiple cancer models that 

support the same mechanism. In oral 

squamous cell carcinoma, IL-24 induced LC3-

II-associated autophagy and that autophagy 

inhibition with 3-methyladenine enhanced 

apoptosis, as measured by the MTT assay [16]. 

In glioblastoma, adenoviral IL-24 suppressed 

proliferation and induced apoptosis through 

LC3-II-dependent autophagy and caspase 

activation, confirmed by MTT assay and flow 

cytometry [17]. Emdad et al. (2019) concluded 

that MDA-7/IL-24 exerts antiproliferative 

effects through cytotoxic autophagy and 

intrinsic apoptosis, accompanied by increased 

LC3 processing and reduced MCL-1, BCL-xL, 

and BCL-2 expression [7]. The clinical 

relevance of targeting autophagic thresholds to 

overcome chemoresistance is also supported 

by the meta-analysis of Xu et al. (2018) [18]. 

Overall, the molecular and cytotoxic evidence 

in this study supports IL-24 as a strong inducer 

of excessive autophagy-driven intrinsic 

apoptosis in large cell lung carcinoma, with 

LC3 and caspase-9 acting as closely linked 

markers of cell death, consistent with the 

marked loss of viability observed at 100 

pg/mL. 
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CONCLUSION 

In conclusion, IL-24 exerted 

concentration-dependent cytotoxic effects on 

large cell lung carcinoma cells by promoting 

excessive autophagy-linked apoptosis. This 

was evidenced by the concurrent upregulation 

of LC3 and caspase-9 at 50 and 100 pg/mL, 

indicating activation of the ATG4/ATG5-

regulated autophagy-apoptosis switch and the 

intrinsic mitochondrial pathway. These 

molecular changes were supported by MTT 

assay results, which showed a progressive 

reduction in cell viability to 14.7% at 100 

pg/mL and an LC50 of 22.9 pg/mL. Together, 

these findings identify IL-24 as a promising 

anticancer agent that merits further in vivo 

evaluation. 
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  1 ×  10 5


  C   O 2


   ( 3 -( 4 , 5 -dimethylthiazol-2-yl) − 2 , 5 -diphenyltetrazolium bromide )


  Inhibition Rate (IR%) =   A − B  A × 100


  A


  B

