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Abstract: 

Background: The most widely spread cause of death among other malignancies that need urgent diagnosis and treatment is lung cancer across 

the world. Small Cell Lung cancer and Non-Small Cell Lung Cancer (NSCLC) are two types of lung cancer. The latter is the primary cause 

of cancer related mortality, because of late diagnosis, tumors of aggressive growth, drug resistance, and serious side effects of 

chemotherapeutic drugs. These challenges require immediate development of multitargeted agents/drugs to treat these lethal diseases using 

evidenced-based herbal approaches to minimize the side effects. 

Objective: The aim of this review is to show that oleuropein, a form of secoiridoid polyphenol present in olive leaves and products made of 

olive may have chemopreventive properties. It dwells upon its molecular and cellular processes and translational importance in the prevention 

and treatment of lung cancer. 

Methods: A comprehensive analysis of preclinical studies of the effect of oleuropein in lung cancer models was collected from the internet 

database PubMed/Medline, Research gate and Web of Science until the end of 2025. In order to disclose its influence on tumor cell growth, 

programmed cell death, metastasis, blood vessel formation, inflammation, and downstream signaling pathways, recent discoveries in in-vitro 

experiments and in-vivo experiments were assessed. The mechanistic understanding of the redox modulation, cell-cycle regulation, epithelial-

mesenchymal transition (EMT), epigenetic modulation and other anti-cancer drug engagement in this review are also described. 

Results: There are various evidences from preclinical studies that support the role of oleuropein in reducing cell growth of lung cancers, 

starting apoptosis, suppressing metastatic activity. The evidences also support its role in reducing neovascularization and inflammation that 

promote tumor. Oleuropein can perform these actions by facilitating apoptotic signaling (intrinsic and extrinsic), promoting cell-cycle arrest 

by inhibition of cyclin-CDL and elevation of CDK inhibitors. Moreover, it also mediates suppression of key signaling pathways for oncogenic 

activity namely PI3K/Akt/mTOR, NF-κB and STAT3. Lastly, evidences also showed that Oleuropein also inhibit EMT, remodeling of 

extracellular matrix, angiogenesis induced via hypoxia. These actions are done by changing the HIF-1alpha/VEGF signaling and controlling 

epigenetic processes and microRNA networks that support progression of tumor. 

Conclusion: Altogether, oleuropein is a promising multitargeted bioactive compound with a good safety profile and mechanistic applicability 

to lung cancer prevention and treatment. To further explore its pharmacokinetics studies and clinical application additional studies are required. 

Keywords: Oleuropein, lung cancer, apoptosis, angiogenesis, autophagy, polyphenols. 

1. INTRODUCTION 

Lung cancer is one of the main causes of cancer mortality 
in the world among both men and women with a poor 
prognosis and minimal options for treatment. It also causes 
about one-fifth of cancer deaths in the world, which means that 

it has a high rate of death. Lung cancer can be clinically 
divided into two large subtypes namely small cell lung cancer 
(SCLC) and non-small cell lung cancer (NSCLC) [1, 2]. The 
latter accounts about 80-85% of cases and is related to high 
mortality, but SCLC is not that frequent but usually more 
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aggressive with a rapid growth and early metastasis [3, 4]. 
These conditions vary greatly in their histopathological 
features, changes in their genes, molecular pathway, disease 
presentation, phenotype, and therapeutic effects [1, 4, 5]. 

There have been significant improvements in therapeutic 
agents, especially the production of molecularly targeted 
therapy against critical oncogenic drivers, such as immune 
checkpoint inhibitors (ICIs) against PD-1/PD-L1, Anaplastic 
Lymphoma Kinase (ALK) rearrangements, and Epidermal 
Growth Factor Receptor (EGFR) mutations, which have 
demonstrated improved results in specific patient groups [6-
9]. These improvements are, however, usually constrained by 
the absence of specific treatment, resistance to existing anti-
cancer drugs, and genetic changes, stimulation of signaling 
pathway, phenotypic plasticity, and tumor microenvironment 
triggered immune escape [10, 11]. Multiple mechanisms are 
involved in the oncogenesis of NSCLC and SCLC as shown in 
Fig. (1) illustrated using AI based tools and edited by the 
author. 

Systemic adverse effects usually restrict the use of 
traditional chemotherapy, whereas immune checkpoint 
inhibitors (ICIs) may also lead to immune related toxicities 

that impact various organs, including severe pneumonitis in a 
few patients [3, 12]. These restrictions reinforce the argument 
of investigating complementary and alternative strategies that 
can tune the various cancer hallmarks with fewer side effects.  

Research indicates that natural bioactive compounds have 
thus attracted significant interest as chemopreventive and 
adjuvant candidates due to the fact that most of them does not 
target one particular molecular target, but rather a series of 
complex interlinked signaling pathways [13, 14]. One of the 
main olives secoiridoids is Oleuropein, which has been of 
interest because of its anti-inflammatory and antioxidant 
effects and more recently its developing anticancer effects on 
heterogenous malignancies such as lung cancer [15]. 
Oleuropein has also been shown to inhibit proliferation, cause 
apoptosis, suppress invasion and pro-angiogenic signaling in 
lung cancer models using pleiotropic molecular mechanisms 
[16, 17]. These studies on mechanistic and pharmacological 
findings highlight to its clinical translation further evaluation 
as a multitargeted anti-cancer agent. Moreover, such treatment 
methods can enhance the growth of complementary and 
alternative medicine in treating lung cancer, and reduce the 
side effects of the traditional treatment. 

 

Fig. (1). Lung cancer progression molecular mechanisms and oncogenic pathways. The EGFR activating pathway schematic 
molecular mechanisms, KRAS (Kirsten Rat Sarcoma viral oncogene homolog) mutation pathway, ALK (Anaplastic Lymphoma 
Kinase) rearrangement pathway and tumor suppressor pathways schematic molecular mechanisms of oncogenesis in Non-Small 
Lung Cancer (NSCLC) and Small Cell Cancer (SCLC). 
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2. SOURCE OF OLEUROPEIN 

Among several phenolic constitutes in olive tree, also 
known as Oleas europea, is Oleuropein, which is a non-toxic 
secoiridoid glycoside. It is widely distributed in various parts 
of the plant including leaves, fruit, pulp and seeds etc. and is a 
member of family Oleaceae, Gentianaceae, and Cornaleae 
[18]. Olive leaves have especially a greater amount of 
Oleuropein and are traditionally employed in nutraceutical and 
pharmacological extracts [19]. Recent evidence illustrates that 
oleuropein has a pharmaceutical promise against different 
diseases including obesity, diabetes, cardiovascular 
complications, neurodegenerative diseases, cancer, 
inflammation, microbial infections and oxidation [18, 19]. It is 
also reported to be the chemotaxonomic marker [20]. The 
stability and extensive range of bioactivity of Oleuropein have 
contributed in sustaining the interest in its therapeutic 
potential, such as anticancer applications.  

2.1. Chemical Structure and Pharmacokinetics 

 

Oleuropein (C25H32O13) is a phenolic secoiridoid glycoside 
with its structure made up of hydroxytyrosol moiety (mainly 
contributing to antioxidant activity), elenolic acid group and a 
glucose molecule. A particular family of coumarin-like 
compounds that tend to be glycosidically bound and are 
formed by secondary metabolism of terpenes is known as 
secoiridoids. With its multiple hydroxyl groups its radical 
scavenging and metal chelating capabilities are high. In olives, 
Oleuropin (ester of elenolic acid and 3,4-dihydroxyphenyl 
ethanol (HT) is present as the primary glycoside, which once 
degraded can lead to the production of hydroxytyrosol in olive 
oil [21]. After enzymatic hydrolysis of orally consumed 
oleuropein in the gastrointestinal tract, it results in production 
of bioactive secondary metabolites called hydroxytyrosol and 
oleuropein aglycone. Its absorption is done through passive 
diffusion across epithelial cells. This process results in its 
aggregation in the tissues and imposing antioxidant effects 
through cellular signaling pathways. It was made possible due 
to the higher partition co-efficient of its aglycone moiety (3,4-

DHPEA-EA, Oleu aglycone). The effects have a 
mitochondrial dysfunction effect and hence suppress the 
proliferation of cancer cells implying that it is highly selective 
to cancer cells [15, 19]. Although preclinical results were 
encouraging after orally ingesting Oleuropein, the clinical 
translation has been limited because of the suboptimal 
pharmacokinetic variability especially low bioavailability, 
reduced absorption and metabolic degradation. Formulation 
and implementation of advanced delivery systems are required 
to be optimized to improve the therapeutic efficacy [16]. De 
Bock and colleagues have measured the bioavailability and 
metabolism of nine human participants who were given 51.1 
mg and 76.6 mg of oral oleuropein in capsules and in liquid 
form in 51.1 mg olive oil and 76.6 mg olive oil. A week later 
oleuropein and hydroxytrosol metabolites were recovered in 
plasma samples and in urine within 8h [22]. Moreover, the 
pharmacokinetic (PK) analysis revealed a good safety profile 
of oleuropein and an LD50 of 2000 mg/kg was reported [22, 
23]. Nevertheless, oleuropein is highly volatile and thus it 
needs sophisticated formulation approaches, because its 
clinical use is constrained by rapid metabolism, slow 
absorption and poor stability. Better pharmacological 
performance has been noted with PEGylated nanophytosomes 
encapsulated oleuropein that increase its stability and 
bioavailability [24]. These delivery improvements will be able 
to increase their oral bioavailability by altering the 
nutraceuticals pharmacokinetic profiles, and by direct effect of 
increasing their physiological and therapeutic advantages [24, 
25].  

2.2. Mechanisms of Anticancer Activity of Oleuropein in 
Lung Cancer 

Oleuropein, a major secoiridoid polyphenol from Olea 
europaea, has shown broad anticancer activity in lung cancer 
models through multitargeted molecular pathways as 
summarized in Fig. (2), illustrated using AI based tools and 
edited by the author. A recent in-vitro study demonstrated that 
oleuropein reduces oxidative stress and DNA damage while 
promoting apoptosis in human alveolar epithelial cell line 
A549 when exposed to IL-17A [26]. 

2.2.1. Regulation of Oxidative Stress and Redox Signaling 

As per existing research, depending on intracellular 
concentration of cancer cells, they can be positively and 
negatively affected by Reactive Oxygen species (ROS) on 
cancer development [27, 28]. Low concentration of ROS can 
increase cell growth and viability, whereas at high 
concentrations can cause mitochondrial dysfunction leading to 
apoptosis and are not cleared from the body.  Oleuropein 
aglycone attenuates oxidative damage through its antioxidant 
and autophagy-inducing effects primarily by the activation of 
5′‐AMP‐activated protein kinase (AMPK) and modulation of 
autophagy‐regulating mechanistic target of rapamycin 
(mTOR) protein and Forkhead box O3A (FOXO3a) mediated 
transcription [30].  

Since in cancer cells both hypermetabolism and oxidative 
stress exist, compared to normal cells more pronounced 
normal generation of ROS is observed [28, 29]. Oleuropein 

Structural Components of Oleuropein 

1. A phenolic moiety (hydroxytyrosol) responsible for strong 

antioxidant activity 

2. An elenolic acid moiety 

3. A glucose residue linked via a glycosidic bond 
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exerts a pro-oxidant effect in malignant transformed cells via 
increasing intracellular levels of superoxide and hydrogen 
peroxide that trigger caspase-dependent apoptotic pathway 
[30, 31]. Conversely, in physiology, it has strong antioxidant 
properties through direct scavenging of ROS since it is an 
ortho-diphenolic compound. Moreover, it enhances 
superoxide dismutase (SOD) and catalase (CAT) with its 
inherent antioxidant effect. As a result, it acts as a support in 
redox status and reduce oxidative stress. 

In the models for lung cancer cells, oleuropin was found to 
have increase mitochondrial ROS, impact efficiency of 
electron transport, and damage antioxidant buffering (such as 
glutathione capacity). These capabilities resulted in 
depolarization of mitochondrial membrane, DNA damage 
through oxidation, and initiation of stress kinases, namely p38 
MAPK and JNK (c-Jun-N-terminal kinases), that promote 
apoptotic signaling [32-34]. This process is also explained in 
Table 1. 

 

Fig. (2). Overview of anticancer effect of oleuropein on lung cancer. The figure with the multitargeted effects of oleuropein on 
lung cancer, such as the induction of oxidative stress mediated apoptosis, inhibition of cell cycle progression, inhibition of EMT 
and metastasis, down-regulation of epigenetic events, inhibition of angiogenesis through Hypoxia-Inducible Factor-1 alpha 
(HIF-1α)/Vascular Endothelial Growth Factor (VEGF) signaging, and the antitumor immunotherapy. 

Table 1. Oleuropein treatment’s cellular and molecular effects in lung cancer cells. 

Cellular Process Key Molecular Changes Functional Consequence 

Oxidative stress regulation ↑ Mitochondrial ROS, ↓ glutathione Selective oxidative collapse of cancer cells 

Apoptosis (intrinsic) 
↑ Bax/Bak, ↓ Bcl-2/Bcl-xL, 

↑ caspase-9/3 
Programmed cell death mediated by mitochondria 

Apoptosis (extrinsic) ↑ Fas, DR4/DR5, ↑ caspase-8 Death receptor–mediated apoptosis 

Cell cycle arrest 
↓ Cyclin D1/B1, ↓ CDK2/4/6, 

↑ p21/p27 
Cell cycle arrest (G0/G1 or G2/M) 

Angiogenesis ↓ VEGF, ↓ endothelial proliferation Reduced neovascularization 
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2.2.2. Apoptosis Induction: Intrinsic and Extrinsic 
Pathways 

A major anticancer mechanism of oleuropein in lung 
cancer cells is the activation of apoptosis through both intrinsic 
(mitochondrial) and extrinsic (death-receptor mediated) 
apoptotic pathways as shown in Fig. (3) illustrated using AI 
based tools and edited by the author. In lung tumors. In lung 
tumors, they have an inherent resistance for programmed cell 
death. But it can be overcome by a dual pathway [35, 36]. A 
key success against lung cancer is the dysregulation of 
apoptotic signaling, which include overexpressing anti-
apoptotic proteins and damage activation of caspase. 

Studies using lung cancer models found that Oleuropein 
has impact on Bcl-2 family protein by making significant 
changes in it [16, 36, 37]. It makes these changes through high 
Bax/Bcl-2 ratio, which is created through activation of pro-
apoptotic Bax and Bak and inactivation of anti-apoptotic Bcl-
2 and Bcl-xL. This leads to the permeability of the 
mitochondrial outer membrane, which releases cytochrome c 
into the cytoplasmt. The cytochrome c form apoptosome 
complex after binding with Apaf-1 and sequentially activate 
caspase-9 and caspase-3 for irreversible cell death. 

The result of intrinsic and extrinsic pathways is activation 
of cysteine proteins/caspases. Two caspases, the initiator and 
executioner, cut the cytoskeletal proteins and fragment nuclear 
DNA. The apoptotic process dys-regulation leads to initiation 
of cell proliferation and inhibition of cell death in lung tumors. 
Oleuropein initiate extrinsic apoptotic signaling cascade as it 

up-regulate Fas (CD95) and Tumor Necrosis Factor-Related 
Apoptosis-Inducing Ligand (TRAIL) receptors (DR4/DR5). 
This results in activation of caspase 8 and start either direct 
activation of caspase-3 or increase mitochondrial-mediated 
apoptosis through Bid cleavage activation and link the two 
pathways. Thus, Oleuropein, with ability of dual-way 
activation, is multitargeting pro-apoptotic agent 

Asgari et al. [39] indicated that Oleuropein modulates the 
expression of apoptotic and metastatic genes and microRNAs 
in gastric cancer cells. Another study reported that oleuropein 
decreased the viability of A549 cells via decrease in 
mitochondrial membrane potential, increase in Bax/Bcl- 2 
ratio (Table 1), release of mitochondrial cytochrome c and 
activation of caspase-9 and caspase-3 [35, 39]. 

2.2.3. Cell Cycle Arrest and Proliferation 

Uncontrolled cell proliferation is a defining hallmark of 
lung cancer and is largely driven by dysregulation of cyclin-
dependent kinase (CDK) complexes that govern orderly cell 
cycle progression [40]. Oleuropein was found to have a potent 
antiprolliferative effect in lung cancer cells by disrupting such 
regulatory checkpoints. Experimental works indicate that 
oleuropein inhibits the production of key cell cycle-
stimulating proteins such as cyclin D1 which regulates G1 
phase transition and cyclin B1 which regulates G2/M 
transition [40, 41]. Oleuropein, concomitantly, inhibits CDK2, 
CDK4 and CDK6 activities, disrupting cyclin-CDK complex 
formation and phosphorylation of downstream targets needed 
to advance the cell cycle as indicated in Table 1. 

 

Fig. (3). Diagram of Apoptotic pathways. A: Extrinsic pathway is activated by binding of death ligands such as TNF and FasL 
to their transmembrane-bound death receptors which activates caspase 8. B: In the intrinsic pathway, proapoptotic factors 
Bax/Bak oligomerize at the mitochondrial membrane and release cytochrome c which activates caspases and induces apoptosis. 

A B 
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Also, oleuropein suppress cyclins and cyclin-dependent 

kinases (CDKs) as well as amplifies the endogenous CDK 

inhibitors (p27^Kip1 and p21Cip1) expression and further 

enhances the cell cycle arrest and inhibits the growth of the 

cells as shown in Table 1. As a result, based on the cellular and 

molecular setting, cell cycle arrest in phases like G2/M or 

G0/G1 in lung cancer cells can be induced by this pathway and 

eventually progressing to apoptosis. Such coordinated 

mechanism emphasizes oleuropein’s role as a powerful 

regulator of cell cycle control in lung cancer. 

2.2.4. Anti-Angiogenic Effects 

The most important process in the development, 

progression and metastasis of lung tumors is known as 

angiogenesis or neovascularization. It is an activation of pro-

angiogenic pathway, which causes augmentation in blood 

vessel density, nutritional and metabolic provision to the 

tumor cell, therefore supporting the quick growth and spread 

of tumor to other body parts.  Hypoxic conditions in the 

microenvironment of the tumor are a major cause of this 

process, stabilizing HIF-1 α and activating pro-angiogenic 

HIF-1α-regulated factors like VEGF. Oleuropein inhibits the 

stabilization and transcriptional activity of HIF-1α, resulting 

in downstream VEGF formation, preventing the signals that 

stimulate endothelial cell activation and blood vessel 

formation (Table 1) [44, 45]. Consequently, this imposes an 

inhibitory effect on HIF-1 and VEGF, thereby lowering 

endothelial cell proliferation, migration, and tube formation 

which are the necessary processes in neovascularization [43].  

This impairment of angiogenic pathway inhibits the 

formation of functional tumor vasculature, ultimately reducing 

oxygen and nutrient supply to the tumor cells. In cancer of the 

lungs, where angiogenesis is strongly linked to aggressive 

tumor growth and capability to spread, this vascular inhibition 

can largely suppress tumor growth and spread [37, 38]. This 

action of oleuropein interferes with the pro-survival and pro-

angiogenic signaling, and thus supports its possible 

application as an adjuvant anti-angiogenic agent in lung cancer 

treatment. 

2.2.5. Suppression of Oncogenic Signaling Targets 

Oleuropein alleviates various oncogenic pathways, which 

are constitutively disregarded in lung cancer. The most 

common of these are the PI3K/Akt/mTOR pathway that is 

found to maintain tumor cell survival, metabolic 

reprogramming and therapeutic resistance as indicated in 

Table 2. [42]. It is demonstrated to prevent phosphorylation of 

Akt and its downstream target Mechanistic Target of 

Rapamycin (mTOR) in lung cancer models and so suppress 

the pro-survival pathway [42, 46, 47]. This inhibition results 

in reduced protein synthesis and glycolytic metabolism and 

denies cancer cells the energy and biosynthetic resources 

necessary to proliferate and metastasize rapidly. Critically, 

loss of PI3K/Akt/mTOR signaling also enhances tumor cell 

vulnerability to apoptotic factors, thus supporting the death 

promoting signaling pathways. 

Moreover, Oleuropein is also found to have impact of the 
regulation of oncogenic signaling related to inflammation and 
immunity in the progression of lung tumor. A key feature in 
the lung carcinogenesis induced inflammation is prolonged 
activation of Nuclear Factor kappa-light-chain-enhancer of 
activated B (NF-KB). It supports anti-apoptotic and pro-
inflammatory mediators’ expression. Oleuropein causes 
nuclear translocation of p65 subunit of NF-KB cells and down 
streaming of Bcl-2, cyclooxygenase-2 (COX-2), Interleukin-6 
(IL-6), and Tumor Necrosis Factor-alpha (TNF-alpha) target 
production as it reduces IKB-alpha degradation [45, 48, 49] 
(Table 2). Additionally, oleuropein pulls down 
phosphorylation of Signal Transducer and Activator of 
Transcription 3 (STAT3). In lung cancer, STAT3 is a key 
player in evasion of immune, angiogenesis, and metastatic 
potential. Therefore, blockade of STAT3 signaling results in 
suppressed VEGF, surviving, and cyclin D1, restricting tumor 
growth and survival [50] (Table 2).  

Overall, considering the molecular effects of all the 
pathways combined has attracted the interest towards 
oleuropein high potential in disruption of more than 1 
oncogenic pathways (PI3K/Akt/mTOR, NF- 00B and 
STAT3). It also shows oleuropein inherent multitargeted 
anticancer activity and overcoming the resistance in lung 
cancer. 

2.2.6. Inhibition of EMT, Migration, and Metastasis 

In lung cancer metastasis is the prime cause of death in 
lung cancer. This process is a cascading event of biological 
processes that are highly coordinated. Through metastasis 
tumor cells invade and spread to other tissues and organs. 
Epithelial-mesenchymal transition (EMT) a biological 
pathway that is reversible and highly conserved. In this cancer 
cells lose their epithelial phenotype and gain high motility and 
invasion from the cells next to it. The role of Oleuropein in the 
context of lung cancer cells is that it prevents EMT because it 
has the ability to restore the phenotype of epithelial cells and 
reduce mesenchymal transformation. Moreover, E-cadherin is 
a key adhesion molecule for epithelial cells, Oleuropein 
promotes its expression and reduce vimentin and N-cadherin 
expression [51]. These capabilities of Oleuropein helps in 
recovery of cell adhesion and reducing the invasion. 

In addition to its action on EMT signals, oleuropein 
interferes with the transcriptional activity which underlies 
metastatic development. It inhibits the action of EMT-
stimulating transcriptional factors, such as Snail, Slug and 
Twist, which have been shown to suppress the expression of 
epithelial genes and induce mesenchymal transformation [51, 
44] (Table 3). 

Furthermore, matrix metalloproteinases MMP-2 and 
MMP-9 are key player in the destruction of extracellular 
matrix and invasion by tumor cell in A549 lung 
adenocarcinoma cells. Oleuropein reduces their expression 
and enzymatic activity as it inhibits NF- κB and PI3K/Akt 
signaling pathway [51]. It also causes interference in the lung 
cancer cell migration, invasion, and metastatic colonization, 
which advocates its use as a complementary anti-metastatic 
agent for treating lung cancer [38, 52]. 
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Table 2. Oleuropein-targeted key oncogenic signaling pathways in lung cancer. 

Oncogenic Pathway Major Molecular Targets Effect of Oleuropein Biological Outcome 

PI3K/Akt/mTOR Akt, mTOR, p70S6K ↓ Phosphorylation and activation 
Lowered survival signaling, synthesis of protein, 

and metabolic activity 

NF-κB IκBα, NF-κB p65 
↓ IκBα degradation, 

↓ nuclear translocation 

Reduced inflammation, anti-apoptotic gene 

expression 

STAT3 p-STAT3 ↓ STAT3 phosphorylation 
suppressed angiogenesis, immune evasion, and 

proliferation 

MAP Kinase p38 MAPK, JNK ↑ Stress kinase activation Promotion of apoptosis under oxidative stress 

HIF-1α pathway HIF-1α ↓ Stabilization under hypoxia Impaired angiogenic signaling 

Table 3. Oleuropein effects such as anti-metastatic, epigenetic, and immunomodulatory. 

Cancer Hallmark Molecular Targets Effect of Oleuropein Impact on Tumor Progression 

EMT ↑ E-cadherin, ↓ N-cadherin, ↓ vimentin Reversal of EMT phenotype Reduced invasion and migration 

EMT transcription 

factors 
Snail, Slug, Twist ↓ Expression Suppressed metastatic programming 

Matrix remodeling MMP-2, MMP-9 ↓ Expression/activity 
Impaired extracellular matrix 

degradation 

Epigenetic regulation DNA methylation, histone acetylation 
Reactivation of tumor suppressor 

genes 
Long-term growth suppression 

microRNA regulation miR-34a, miR-200 family ↑ Tumor-suppressive miRNAs 
Inhibition of EMT and survival 

pathways 

Immune modulation 
TNF-α, IL-6, macrophage M1/M2 

balance 

↓ Pro-tumor inflammation, 

↑ antitumor immunity 
Enhanced immune surveillance 

 

2.2.7. Epigenetic and Micro-RNA Regulation 

Oleuropein can have a part in prolongation of phenotypic 
inhibition through epigenetic and microRNA (miRNA) 
regulation. As per researches Oleuropein impact histone 
acetyltransferases (HATs) and histone deacetylases (HDACs) 
to regulate levels of histone acetylation [53, 54]. This 
regulation can lead to alterations in the accessibility of 
chromatin, gene transcription (for proliferation and apoptosis 
genes), and response for oxidative stress. Silencing of tumor 
suppressor pathways and promotion of malignant identity can 
be done through dyregulating epigenetics Abnormal DNA 
methylation and change in histone modifications. Saz-Lara      
et al. [55], reported that treatment of MCF‐7 breast cancers 
with oleuropein produced a decrease in histone deacetylase 2 
(HDAC2) and histone deacetylase 3 (HDAC3) [52, 55]. In the 
same adenocarcinoma MCF‐7 cells model oleuropein was also 
able to modulate HDAC1 and HDAC4 [44]. It has been 
indicated that oleuropein has the potential to adjust histone 
acetylation and decrease abnormal DNA methylation in favor 
of growth-inhibitory and pro-apoptotic programs re-
expression [35, 36, 44]. It has also been proposed that 
Oleuropein regulates tumor-suppressive microRNAs 

associated with EMT and apoptosis such as miR-34a and the 
miR-200 family (Table 3) that might have a role in long-term 
inhibition of invasion and increased sensitivity to apoptosis 
[55, 56]. Although these results are encouraging, mechanism-
specific validation in lung cancer subtypes is a significant 
future study. 

2.2.8. Immunomodulatory Effects on the Tumor 
Microenvironment 

Oleuropein may also have significant inhibitory effect on 

tumor immune microenvironment. In case of chronic 

inflammation, cytokines like TNF- α and IL-6 support tumor 

growth, angiogenesis, and evasion of immune.  Chronic 

immune mediated inflammatory diseases (IMID) are when 

inflammatory response is altered. IMID includes rheumatoid 

arthritis, inflammatory bowel disease, multiple sclerosis, 

systemic lupus erythematosus, and psoriasis [56, 57]. Studies 

showed that with Oleuropein, the production and signaling of 

inflammatory mediators can be decreased [9, 12, 56, 57]. Such 

reduction can lower the pro-tumor immunosuppressive 

signaling and signals for tumor cell survival, as shown in Fig. 

(4). 



Majestic Journal of Pharmacology and Toxicology (MJPT), 2026, Vol. 1 

 

Rasheed et al. 

 

8 

 

Fig. (4). Immunomodulatory effect of Oleuropein showing an upregulation of immune checkpoint molecule Programmed Death-
Ligand 1 (PD-L1), which binds to PD-1 receptor and reduce T-cells activation. This receptor binding leads to an 
immunosuppressive response, facilitating the proliferation of lung cancer cells. Oleuropein suppress PD-L1, CTLA4, TGF-  
and blocks immunosuppressive effect in tumor microenvironment.  

The immune checkpoint proteins PL-D1, PD-L1 and 
CTLA4, which function as inhibitory immune receptors, 
restore the ability of the T-cell to recognize and inhibit tumor 
growth [9]. Furthermore, some research indicates that 
oleuropein can alter the macrophages' polarization towards a 
more antitumor function (from M2 to M1) and can modulate 
the activity of the cytotoxic T cells, by inhibiting an excessive 
expression of immune check-point proteins, like PD-L1, 
CTLA4 and TGF- β, which have combined effect on 
suppression of immune [7, 58, 59]. 

A study asserted that in anti-tumor immune process, 
Oleuropein show anti-inflammatory activity in immune cell 
models that are activated and lowers the level of pro-
inflammatory cytokines like interferon gamma (IFN)-γ [57]. 
The same study further adds that similar activity is also 
observed in murine peritoneal macrophages that are stimulated 
through lipopolysaccharide (LPS) and that it also helps in 
decreasing inducible nitric oxide Synthase (iNOS) and COX-
2 overexpression [57]. Additionally, studies have also shown 
support for Oleuropein’s potential in modulating multiple 
targets like iNOS, nitric oxide (NO), tumor necrosis factor 
alpha (TNF α), IL-8, MMP-2, and MMP-9 [36, 37, 57]. It also 
helps in modulation of signaling pathways by regulating 
Nrf2/HO-1, MAPK, NFκB, vascular cell adhesion molecule-1 

(VCAM-1), and intercellular adhesion molecule 1 (ICAM-1) 
[36, 37, 57]. 

These finding suggests that oleuropein may promote host’s 
anti-tumor immunity, showing its active role as an 
immunotherapeutic agent. 

2.2.9. Oleuropein’s Preclinical Evaluation: In-Vitro and 
In-Vivo Lung Cancer Models 

There are different experiments (in-vivo and in-vitro) that 
have shown evidences about the biological impacts of 
oleuropein. These impacts include antioxidant, 
antiprolliferative, anti-inflammatory, and proapoptotic effects. 
In-vitro experiments wherein non-small cell lung cancer 
(NSCLC) cell lines were used (A549, H1299, and H1975), 
found that oleuropein (10-200 µM) reduce the cell growth by 
inhibiting the cell cycle and causing cell death. Furthermore, 
its lower toxicity towards non-malignant lung epithelial cells 
suggests its selectivity toward cancer cells. Studies on 
xenograft mouse models demonstrate that oral or 
intraperitoneal administration of oleuropein at 10 to 100 
mg/kg/day exerts marked anticancer effect without causing 
systemic toxicity [44, 52]. Histopathological analysis of the 
tumor tissues showed decreased vascularization, increased 
apoptotic bodies, and decreased cell adhesion supporting the 
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mechanistic observations from in-vitro cell-based studies [52]. 
Its multitargeted activity and encouraging safety profile justify 
its future use in clinical settings both as a chemopreventive 
agent and adjuvant to enhance the action of chemotherapy, 
radiotherapy and immunotherapy [41]. However, there are still 
clinical issues such as poor oral bioavailability, metabolic 
inability, and inability to achieve therapeutically effective 
tissue concentrations [44]. 

 To overcome such limitations, it may be necessary to 
develop optimized formulations and delivery plans, and to 
conduct well-designed clinical trials to determine efficacy, 
safety, dosing, and suitable population of patients [58].  

2.2.10. Oleuropein Attenuates Adverse Effects of Other 
Chemotherapeutic Drugs 

The combination therapy data is limited on lung cancer, 
that’s why in this review much of the evidence for oleuropein 
is derived from non-lung cancer models because this additional 
information would motivate researchers to study potential 
synergistic mechanisms and therapeutic applications 
specifically on lung cancer models. strategies involving 
oleuropein with conventional anticancer agents have 
demonstrated promising synergistic effects and potential to 
overcome chemotherapeutic resistance. Studies conducted 
recently on adult rats found that use of Oleuropein (200mg/Kg) 
reduced lipid profiles, glucose, lactate dehydrogenase (LDH), 
creatine kinase-myocardial band (CK-MB), inflammation, and 
improved antioxidant capacity [6, 59]. Studies also found 
pathological changes caused by 5-fluorouracil through 
oxidative stress and TNF- a/IL-6 signaling pathway 
modification [6, 59]. 

Through both type of experiments (in-vivo and in-vitro) 
Oleuropein is found to be having properties like increasing 
medication effectiveness [8, 11, 60, 61]. Examples of those 
medications include trastuzumab, doxorubicin, cisplatin, and 
cyclophosphamide. Such impact of medication effectiveness is 
because Oleuropein can increase apoptosis rate, lower survival 
signals (Bcl-2, NF-Kb, cyclin D1, COX-2), and increase pro-
apoptotic proteins (like Bax) and cleavage of caspase-3 [8, 11, 
60, 61]. When combined with doxorubicin as a cotreatment in 
breast cancer models, oleuropein showed prominent tumor 
growth inhibition, activation of apoptotic cell death, and 
cytoskeleton destabilization of tumor cell [11]. 

Oleuropein has also demonstrated protective actions 
against chemotherapy-induced organ toxicity, especially in 
cisplatin-induced renal injury, in part via regulatory ERK-
mediated inflammatory and apoptotic pathways [62, 63]. 
Oleuropein has also been shown to have synergistic anticancer 
effects when used in models of melanoma and osteosarcoma 
in combination with targeted agents or hormonal therapies 
[61]. Banaei and colleagues reported that oleuropein exerts 
cardio-pulmonary protective effects against 5-FU toxicity 
through the decrease of oxidative stress and inflammatory 
cytokines [59]. Oleuropein has therapeutic potential to 
attenuate the pain manifestations in chronic constriction injury 
(CCI) and vincristine-induced neuropathic pain via increasing 
the expression of orexin and Nrf2 to ameliorate behavioral 

manifestations of pain [64]. These findings are consistent with 
other reports that indicate that oleuropein is likely to elevate 
the levels of enzymes like GPx and SOD in gentamicin-
induced renal toxicity and cisplatin-induced renal injury 
models [42, 65]. Sherif reported that the natural antioxidants 
oleuropein and quercetin counteract the cyclophosphamide 
induced hepatotoxicity through activation of Nrf2/HO-1 
signaling pathway with subsequent suppression of oxidative 
stress and inflammation [65, 66]. Taken together, these results 
indicate that oleuropein can be used as a chemosensitizing and 
cytoprotective adjunct, which can be incorporated into 
combination anticancer regimens. 

CONCLUSION 

From the existing studies it is confirmed that Oleuropein is 
a key player to treat and prevent lungs and other cancers. It is 
due to multiple biological effect of Oleuropein such as 
modification of tumor suppressor genes and suppressing 
oncogenes and key pathways (PI3K/AKT/mTOR, Wnt/ β-
catenin and MAPK).  Considering the multitargeting potential 
and reduced toxicity further investigations need to be 
undertaken to establish standardized formulations, improve 
bioavailability and rigorous to validate its therapeutic 
potential.  

LIST OF ABBREVIATIONS 

ALK = Anaplastic Lymphoma Kinase 

CAT = Catalase 

CCI = Chronic Constriction Injury 

CCI = Chronic Constriction Injury 

CDK = Cyclin Dependent Kinase 

c-Jun = C-Jun-N-Terminal Kinase 

CK-MB = Creatine Kinase-Myocardial Band  

EGFR = Epidermal Growth Factor Receptor 

EMT = Epithelial Mesenchymal Transition 

EMT = Epithelial-Mesenchymal Transition 

GPx = Glutathione Peroxidase 

HDAC2 = Histone Deacetylase 2 

HIF-1α = Hypoxia-Inducible Factor-1 alpha 

ICAM-1 = Intercellular Adhesion Molecule 1 

ICIs = Immune Checkpoint Inhibitors 

IFN-γ = Interferon-γ 

IMID = Immune Mediated Inflammatory 
Diseases 

iNOS = Inducible Nitric Oxide Synthase 

KRAS = Kirsten Rat Sarcoma 
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LDH = Lactate Dehydrogenase  

LPS = Lipopolysaccharide 

MAPK = Mitogen-Activated Protein Kinase 

mTOR = Mechanistic Target of Rapamycin 

NF-κB = Nuclear Factor Kappa-Light-Chain-
Enhancer of Activated B cells 

NSCLC = Non-Small Cell Lung Cancer 

ROS = Reactive Oxygen Species 

SCLC = Small Cell Lung Cancer 

SOD = Super Oxide Dismutase 

STAT3 = Signal Transducer and Activator of 
Transcription 3 

TNF-α = Tumor Necrosis Factor-alpha 

TRAIL 
Receptor 

= Tumor Necrosis Factor-Related 
Apoptosis-Inducing Ligand Receptors 

VCAM-1 = Vascular Cell Adhesion Molecule-1 

VEGF = Vascular Endothelial Growth Factor 
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