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Bu yorum makalesinde, asetaminofen’in serotonin ile ilişkili mekanizmalar 
yoluyla küçük hücreli dışı akciğer kanseri hücrelerinde antikanser etki 
gösterebileceği hipotezi araştırılmakta, olası moleküler etkileşimler, sinyal 
yolları ve terapötik etkiler tartışılmaktadır.
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ÖZ

This commentary article explores the hypothesis that acetaminophen may 
exert an anticancer effect in Non- small cell lung cancer cells through 
serotonin-related mechanisms, discussing potential molecular interactions, 
signaling pathways, and therapeutic implications.
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Since we are interested in the relationship between NSCLC 
cells and neuromodulation, we wanted to dig into this topic. 
Therefore, this commentary article explores the hypothesis that 
acetaminophen may influence anticancer processes in NSCLC 
cells through serotonin-related mechanisms, discussing possible 
molecular interactions, signaling pathways, and therapeutic 
implications.

Serotonin and Cancer: A Growing Area of Interest
Serotonin (5-hydroxytryptamine, 5-HT) is a well-known 
neurotransmitter that regulates mood, cognition, and various 
physiological functions. However, emerging evidence indicates 
that serotonin also affects cancer biology through its influence 
on cell proliferation, apoptosis, angiogenesis, and immune 
modulation (4).

Serotonin acts primarily through 5-HT receptors (5-HTRs), 
which are expressed in various tissues, including the lungs. 

Introduction
Non-small cell lung cancer (NSCLC) remains a leading 
cause of cancer-related mortality worldwide, accounting for 
approximately 85% of all lung cancer cases (1). Despite advances 
in targeted therapies and immunotherapies, many patients still 
experience poor prognoses due to resistance and relapse. As a 
result, there is an ongoing search for novel treatment strategies 
that can complement or enhance existing therapeutic approaches.

One such potential candidate is acetaminophen (paracetamol), 
a widely used analgesic and antipyretic drug. Although 
acetaminophen is not traditionally classified as an anticancer 
agent, recent research has suggested that it may exert cytotoxic 
effects on cancer cells, including NSCLC (2). Among the 
proposed mechanisms of its anticancer activity, one intriguing 
possibility is its potential interaction with serotonin-mediated 
cellular pathways, which are increasingly recognized as playing 
a role in cancer progression (3).
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Several 5-HT receptor subtypes have been implicated in 
tumorigenesis, particularly 5-HT1 and 5-HT2 receptors, which 
may influence cancer cell survival, migration, and invasion 
(5). The involvement of serotonin in NSCLC suggests that 
pharmacological modulation of serotonin signaling could 
represent a novel therapeutic approach.

Serotonin-Mediated Pathways in NSCLC
In NSCLC, serotonin signaling has been linked to:

•	 Proliferation and Survival: Activation of 5-HT receptors, 
particularly 5-HT2A and 5-HT2B, appears to stimulate mito-
genic pathways such as Ras-MAPK and PI3K-Akt, thereby 
promoting cell survival and proliferation (4, 5).

•	 Angiogenesis: Serotonin may contribute to tumor vascular-
ization by enhancing endothelial cell migration and VEGF 
expression (5).

•	 Evasion of Apoptosis: Serotonin-mediated activation of an-
ti-apoptotic proteins (e.g., Bcl-2, survivin) could help sup-
port NSCLC cell survival, making this pathway a potential 
target for intervention (6).

Given this background, the possibility that acetaminophen 
modulates serotonin-related processes in NSCLC presents an 
intriguing avenue for exploration.

Acetaminophen’s Mechanisms of Action and Its Potential 
Link to Serotonin Signaling

Acetaminophen’s conventional mechanisms include inhibition 
of cyclooxygenase (COX) enzymes, reduction of prostaglandin 
synthesis, and modulation of oxidative stress. However, recent 
studies suggest that acetaminophen may also influence serotonin-
related pathways in cancer cells (2). While direct evidence in 
NSCLC is currently limited, the following mechanisms offer a 
theoretical basis for further investigation.

1. Acetaminophen and Serotonin Availability
Acetaminophen is known to increase central serotonin levels 
by promoting the production of serotonin derivatives such as 
AM404 (N-arachidonoylphenolamine) (7). AM404 acts on 
transient receptor potential vanilloid 1 (TRPV1) channels and 
cannabinoid receptor CB1, both of which have been linked to 
apoptotic pathways in cancer cells (8).

However, a critical distinction must be made regarding 
the location of this metabolism. While the conversion of 
acetaminophen to AM404 is a documented phenomenon in 
the central nervous system (CNS) contributing to its analgesic 
effects (7), it is crucial to note that this metabolic conversion 
has not yet been demonstrated in solid tumor models or NSCLC 
specifically.

Nevertheless, if future research confirms that NSCLC cells or 
the surrounding tumor microenvironment possess the enzymatic 
capacity to metabolize acetaminophen into AM404, this pathway 
could represent a novel mechanism of action. In this hypothetical 
scenario, acetaminophen-induced AM404 formation could:

−	 Potentially interfere with serotonin-induced tumorigenic sig-
naling by competing with serotonin at receptor sites.

−	 Promote apoptosis via CB1 activation, leading to down-
stream modulation of pro-apoptotic factors such as Bax and 
caspases.

2. Acetaminophen as a 5-HT Receptor Modulator
Evidence suggests that acetaminophen may exert indirect effects 
on serotonin receptor activity, though the translation of these 
effects to the oncology setting remains speculative. Specifically:

•	 It has been shown to reduce serotonin turnover (9), if a sim-
ilar reduction occurs in the lung tumor microenvironment, 
it could potentially diminish the activation of pro-survival 
5-HT receptors in NSCLC.

•	 Acetaminophen may theoretically downregulate 5-HT2 re-
ceptor expression, which is commonly overexpressed in lung 
cancer and associated with tumor growth (10).

•	 By altering serotonin receptor signaling, acetaminophen 
could shift the balance toward apoptotic rather than prolif-
erative pathways, thereby potentially offering an anticancer 
benefit.

3. Acetaminophen-Induced Oxidative Stress and Its Impact 
on Serotonin Signaling
Acetaminophen is known to induce oxidative stress at high 
doses, leading to mitochondrial dysfunction and apoptosis. 
Interestingly, serotonin-mediated signaling also interacts with 
oxidative stress pathways. In NSCLC:

•	 Excess serotonin can protect cancer cells from oxidative 
damage by upregulating antioxidant enzymes (e.g., superox-
ide dismutase, glutathione peroxidase).
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•	 Acetaminophen-induced oxidative stress could potentially 
override serotonin’s protective effects, leading to increased 
susceptibility of NSCLC cells to apoptosis.

This suggests a possible synergistic mechanism where 
acetaminophen may counteract serotonin-driven resistance to 
oxidative stress, thereby facilitating cancer cell death.

Drugs That Influence Serotonin Signaling and Their 
Potential Impact on Cancer Pathophysiology
Beyond acetaminophen, several commonly used drug classes 
that modulate serotonin signaling — such as antiemetics and 
selective serotonin reuptake inhibitors (SSRIs) — may also 
influence cancer biology.

1. Antiemetics (5-HT₃ Receptor Antagonists)
Drugs like ondansetron and granisetron, which act as 5-HT₃ 
receptor antagonists, are routinely used to control chemotherapy-
induced nausea and vomiting (11). Emerging evidence suggests 
that these agents could exert additional effects on tumor biology 
(12). Preclinical studies indicate that 5-HT₃ blockade may reduce 
proliferation and induce apoptosis in certain cancer cell types, 
possibly by interfering with serotonin-driven growth signals and 
modulating autophagic pathways (11, 13).

In retrospective clinical analyses, perioperative or adjuvant use 
of 5-HT₃ receptor antagonists has been associated with improved 
outcomes in lung cancer (11), though causality remains 
unproven. These findings raise the possibility that serotonin 
receptor blockade might influence tumor microenvironmental 
dynamics or immune cell signaling in ways that complement 
standard oncologic therapies.

2. Selective Serotonin Reuptake Inhibitors (SSRIs)
SSRIs such as fluoxetine and sertraline, widely prescribed 
for depression, affect serotonin availability by inhibiting its 
reuptake. Laboratory studies have reported that SSRIs can 
induce apoptosis or reduce viability in various cancer cell 
lines, potentially through mitochondrial pathways or direct 
interactions with serotonin receptors (14, 15).

However, the net impact of SSRIs on cancer progression 
appears to vary depending on tumor type, serotonin receptor 
expression, and dose. Some studies suggest anti-proliferative 
or pro-apoptotic effects, whereas others indicate potential 
tumor-supportive roles under specific conditions (16). These 
mixed outcomes underscore the complexity of serotonin’s role 
in cancer pathophysiology and highlight the need for carefully 
controlled investigations into how serotonin-modulating drugs 
interact with oncogenic pathways.

3. Implications for NSCLC
Given that serotonin signaling contributes to NSCLC cell 
proliferation, angiogenesis, and immune evasion, drugs that 

alter serotonin levels or receptor activity could potentially 
influence tumor behavior. While current evidence is largely 
indirect, integrating findings from acetaminophen, SSRIs, and 
antiemetics suggests that modulation of serotonin pathways 
may represent a broader therapeutic opportunity in NSCLC. 
Controlled experimental studies are needed to determine whether 
these effects are clinically meaningful and mechanistically 
linked.

Preclinical Evidence Supporting Acetaminophen’s 
Potential Anticancer Activity in NSCLC
Several studies have reported possible anticancer effects of 
acetaminophen in lung cancer models:

−	 In vitro studies have shown that acetaminophen in combina-
tion with other agents may reduce NSCLC cell viability, pos-
sibly through mitochondrial damage and apoptosis induction 
(17).

−	 Serotonin-targeting studies in NSCLC have found that phar-
macological inhibition of serotonin receptors can reduce tu-
mor growth (18), supporting the idea that acetaminophen’s 
interaction with serotonin pathways might be beneficial.

While these findings are promising, further research is needed 
to establish a direct causal link between acetaminophen’s effects 
on serotonin and its potential anticancer properties.

Therapeutic Implications and Future Directions
If acetaminophen’s anticancer effects in NSCLC are confirmed 
to be mediated through serotonin-related mechanisms, several 
important therapeutic implications could emerge:

•	 Repurposing Acetaminophen as an Adjunct to NSCLC Ther-
apy

Acetaminophen might be used in combination with existing 
therapies (e.g., tyrosine kinase inhibitors, immune checkpoint 
inhibitors) to enhance treatment efficacy. Given its low cost and 
widespread availability, acetaminophen could offer an accessible 
option for resource-limited settings.

•	 Targeting Serotonin Signaling in NSCLC
If acetaminophen’s anticancer effects are linked to serotonin 
modulation, selective 5-HT receptor antagonists could be 
investigated as complementary treatments. Combination 
therapies involving acetaminophen and serotonin-targeting 
drugs may warrant exploration to maximize therapeutic benefits.

•	 Potential Biomarkers for Patient Selection
Identifying serotonin receptor expression profiles in NSCLC 
patients could help determine which individuals are most 
likely to respond to acetaminophen-based therapies. Measuring 
serotonin metabolites in plasma or tumor tissues might serve as 
a biomarker for treatment response.
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Conclusion
While traditionally considered an analgesic, acetaminophen has 
been suggested to have potential anticancer effects in preclinical 
models. The hypothesis that acetaminophen may influence 
NSCLC progression via serotonin-mediated mechanisms 
is entirely theoretical and has not yet been demonstrated 
experimentally. 

Although the modulation of serotonin availability and receptor 
activity by acetaminophen is well-documented in other 
physiological contexts, its occurrence in NSCLC remains to 
be proven. Specifically, the conversion of acetaminophen to 
AM404, while established in the CNS, represents a novel 
hypothetical target in the lung tumor microenvironment. Despite 
the lack of direct evidence, acetaminophen’s established safety 
profile makes it an attractive candidate for further study. As 
research into serotonin’s role in cancer expands, exploring 
acetaminophen — alongside other serotonin-modulating agents 
— in NSCLC treatment strategies could provide a novel, cost-
effective avenue for future therapeutic development.
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