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Abstract

Meningioma is the most common primary intracranial tumor, affecting a significant number of people
worldwide. Therefore, discovering effective strategies for its prevention and treatment is vital for
minimizing its impact. Quercetin is a flavonoid found in fruits, vegetables, leaves, seeds, and grains.
Studies have shown its effectiveness in treating various types of neurological cancer. This review
summarizes the mechanisms of action and therapeutic effects of quercetin in the treatment of
meningioma. Google Scholar, PubMed, Scopus, and Web of Science were searched to find relevant
articles published in these databases from 1993 to 2025. According to our findings, quercetin, via
microRNA-mediated mechanisms and interactions with type II estrogen-binding sites, induces cell death,
inhibits proliferation, and reduces cell growth in cancer cells. Thus, based on limited in vitro evidence,
quercetin may represent a promising candidate for further investigation as a therapeutic approach for
meningioma. However, the encouraging preclinical data should be evaluated in clinical settings through
additional studies using appropriate methods.

Keywords: Anticancer effects, Mechanisms, Meningioma, Quercetin, Signaling pathways

1 {1

n pr and
cell growth with estrogen-
bineding Sites

Quercetin as a
Poteatial
Thernpeutic Agent ,/Tj“
for Meningioma: A " -nanj.’\
Mini-Review of e
Mechanisms and
Future Perspectives

Induction of apoptosis via
microRNA pathways

Graphical Abstract

® D[] 2026 The Author (s). This is an Open Access article distributed under the terms of the Creative Commons
@ Attribution (CC BY), which permits unrestricted use, distribution, and reproduction in any medium, as long as

the original authors and source are cited.



https://hmj.lums.ac.ir/
https://hmj.lums.ac.ir/
https://doi.org/10.22087/hmj.2026.565121.1031
https://orcid.org/my-orcid?orcid=0009-0001-8438-9150
http://crossmark.crossref.org/dialog/?doi=10.34172/AHS.13.1.314.4&domain=pdf
mailto:s.ali13812424hoseiniofficial@gmail.com
https://orcid.org/my-orcid?orcid=0009-0001-8438-9150
http://crossmark.crossref.org/dialog/?doi=10.34172/AHS.13.1.314.4&domain=pdf
https://orcid.org/my-orcid?orcid=0009-0001-8438-9150
http://crossmark.crossref.org/dialog/?doi=10.34172/AHS.13.1.314.4&domain=pdf
https://orcid.org/my-orcid?orcid=0009-0001-8438-9150
http://crossmark.crossref.org/dialog/?doi=10.34172/AHS.13.1.314.4&domain=pdf
https://orcid.org/my-orcid?orcid=0009-0001-8438-9150
http://crossmark.crossref.org/dialog/?doi=10.34172/AHS.13.1.314.4&domain=pdf
https://orcid.org/my-orcid?orcid=0009-0001-8438-9150
http://crossmark.crossref.org/dialog/?doi=10.34172/AHS.13.1.314.4&domain=pdf

Sayyid Ali Hosseini

Introduction

Meningioma is a generally benign, slow-
growing tumor originating from the meninges,
the protective membranes covering the brain and
spinal cord (1). It is the most common primary
intracranial tumor, accounting for about 33.8%
of all central nervous system tumors. Its
incidence is approximately 97.5 per 100,000
population annually in the United States (2).
Women are affected about twice as often as men,
with higher rates also seen in individuals of
Black ethnicity and those older than 65 years
3).

Major risk factors for meningioma include
advancing age, female sex, and exposure to
ionizing radiation, especially during childhood.
Genetic syndromes, such as neurofibromatosis
type 2, schwannomatosis, and multiple
endocrine  neoplasia  type 1,
susceptibility (4, 5). Hormonal factors, such as

increase

estrogen or progesterone exposure, hormone
replacement therapy, and obesity, further elevate
risk, while possible links include lead exposure
and epilepsy (6, 7).

Due to its high prevalence and multiple risk
factors, researchers have actively explored new
therapeutic approaches for prevention and
treatment. Quercetin has garnered significant
attention recently due to its promising
therapeutic properties. It has potential to
improve outcomes in neurological cancers, such
as glioblastoma, glioma, neuroblastoma,
astrocytoma,
meningioma, highlighting quercetin as a
valuable candidate in ongoing research for safe

medulloblastoma, and

and effective treatment options (8).

Quercetin is a bioactive flavonoid widely found
in fruits, vegetables, leaves, seeds, and grains.
For example, kohlrabi, red onions, and kale are
rich sources. Quercetin has a bitter taste and is
used in dietary supplements, beverages, and
foods, and has demonstrated significant
anticancer effects. It modulates multiple
molecular pathways to inhibit tumor growth,

induce apoptosis, reduce oxidative stress,
suppress invasion, and prevent metastasis in
brain tumors (9, 10).

In this study, we aim to review research on the
mechanism of quercetin's therapeutic effect in
treating meningioma. Although research on this
topic remains limited, a meticulous examination
and critical comparison of the findings,
strengths, and limitations of existing studies can
provide valuable insights. Such an analysis not
only clarifies inconsistencies but also highlights
methodological strengths and gaps, guiding
future investigations toward more robust and
focused research. By synthesizing and
contrasting current evidence, researchers can
build a comprehensive understanding, fostering
more informed hypotheses and experimental
designs.

Materials and Methods

Google Scholar, PubMed, Scopus, and Web of
Science were searched for relevant articles
published in these databases from 1993 to 2025.
Cross-references identified additional sources.
The search terms included quercetin,
meningioma, central nervous system cancers,
anti-cancer effects, therapeutic,
pharmacological, and biological activity.
Limitations: This mini-review focused on
English-language articles from major databases
(1993-2025). Potential publication bias exists, as
positive results are more likely to be published.
Only two meningioma-specific studies were
identified,  precluding
systematic review. Gray literature and non-
English sources were excluded.

meta-analysis  or

General Anticancer Mechanisms of Quercetin

Quercetin exhibits potent anticancer activity by
modulating oxidative balance, intracellular
signaling, and the cell survival machinery.
Various studies have examined its pleiotropic
mechanisms, which enable it to function as both
a chemopreventive and therapeutic compound
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across multiple neurological cancers, including
glioblastoma, glioma, neuroblastoma,
astrocytoma, and medulloblastoma. Figure 1
shows the general anticancer mechanisms of
quercetin.

Redox Modulation

A central hallmark of quercetin's anticancer
mechanism is its dual role in redox regulation. In
normal cells, quercetin primarily acts as a strong
antioxidant by stabilizing reactive oxygen
species (ROS) and maintaining redox
homeostasis. However, in tumor cells, which
already exist under elevated oxidative stress,
quercetin shifts from an antioxidant to a

prooxidant state, driving ROS accumulation
beyond tolerable thresholds (11).

Excessive ROS generation triggers
mitochondrial membrane depolarization, lipid
peroxidation, and DNA  fragmentation,
ultimately leading to apoptosis. Quercetin's
semiquinone intermediates, formed during
oxidation, exacerbate oxidative stress in
malignant cells while selectively sparing normal
tissues. The resulting ROS surge activates AMP-
activated protein kinase (AMPK) while
suppressing the phosphoinositide 3-
kinase/protein kinase (PI3K/Akt), rendering
quercetin a  redox-dependent
modulator (11).

apoptotic
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Figure 1. Quercetin, via Regulating Various Cellular Mechanisms, Can Be Effective in Eliminating Cancer Cells.

Induction of Apoptosis dysfunction, characterized by Bax upregulation
Quercetin  induces apoptosis through both
intrinsic and extrinsic pathways. The inherent

apoptotic cascade involves mitochondrial

and Bcl-2 suppression, promoting cytochrome ¢
release and caspase activation. It enhances
cleavage of caspase-3, -8, and -9, leading to
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DNA fragmentation and orchestrated cell death
(8).

In the extrinsic pathway, quercetin upregulates
death receptors (DR4/DRS5). It enhances cancer
cells' sensitivity to tumor necrosis factor-related
apoptosis-inducing ligand by downregulating
cellular FLICE-like inhibitory protein, a
caspase-8 inhibitor. These combined effects
establish quercetin as a versatile apoptosis
inducer acting through both mitochondrial and
receptor-mediated checkpoints. Additionally, the
compound suppresses cell death-regulatory
proteins, such as PARP and survivin, amplifying
apoptosis in resistant malignancies (8).

Modulation of Signaling Pathways

In addition to oxidative and mitochondrial
dysfunction, quercetin  impairs  multiple
oncogenic signaling pathways. It inhibits the
PI3K/Akt/mechanistic target of rapamycin
(mTOR) axis, attenuating growth factor-
dependent cell survival and translation. The
suppression of Akt phosphorylation prevents the
inactivation of pro-apoptotic mediators, such as
Bad, thereby intensifying cytochrome c-
mediated apoptosis (12).

Concurrently,  quercetin  downregulates
extracellular signal-regulated kinase and protein
kinase C signaling and reduces nuclear factor of
kappa light-chain enhancer of B cells (NF-kB)
translocation. Activation of the AMPK and p38
mitogen-activated protein kinase cascades
further contributes to growth inhibition and
cellular ~ energy  imbalance, promoting
programmed death (13). Quercetin also
interferes with hypoxia-inducible factor 1-alpha
stabilization and angiogenic responses in
hypoxic tumor microenvironments, suppressing
glycolysis and vascular development required
for tumor progression (14).

Cell Cycle Arrest
Quercetin exerts strong control over tumor
proliferation by modulating cell cycle

checkpoints. The compound induces G1/S or
G2/M phase arrest through transcriptional
activation of p53 and its downstream effector,
p21, while concurrently downregulating cyclins
(D1, B1) and cyclin-dependent kinases (CDK1,
CDK2), which are essential for mitotic
progression (15).

This p53-dependent regulatory effect halts DNA
synthesis and cellular division, allowing
apoptotic commitment. In cancer cells,
quercetin-induced checkpoint blockade
coincides with the activation of checkpoint
kinase 2 and DNA damage signaling, reinforcing
its role as a cell-cycle suppressor and genomic
stabilizer. In addition, p27 upregulation and
topoisomerase  inhibition  contribute  to
quercetin's consistent cell cycle interference
across tumor lineages (15).

Chemopreventive Actions

In metastatic regulation, quercetin exerts anti-
invasive and anti-angiogenic  effects by
suppressing the  expression of  matrix
metalloproteinases (MMP[12, MMP[19) and
vascular endothelial growth factor (VEGF).
These actions impair extracellular matrix
degradation and angiogenesis, critical for tumor
spread. Quercetin also downregulates heat shock
proteins (HSP70, HSP90) and impedes their
chaperone-mediated protection of cancer cells,
increasing vulnerability to apoptosis and
reducing chemoresistance (10).

Prolonged dietary intake of quercetin confers
protection against DNA adduct formation and
chronic oxidative damage, thereby preventing
early carcinogenic transformations. Its ability to
restore redox equilibrium, inhibit mutagenic
signaling, and enhance detoxification pathways
positions quercetin as a cornerstone natural
compound in both cancer prevention and therapy
(10).

Relevance to Meningioma
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While the above mechanisms have been
extensively documented in neurological cancers,
such as glioblastoma and glioma, their
applicability to meningioma remains an
emerging area supported by limited studies.
Quercetin's pro-oxidant shift and ROS-mediated
apoptosis  directly align with the miR-
197/insulin-like growth factor binding protein 5
(IGFBP5) axis in HBL-52 meningioma cells, in
which it upregulates Bax and downregulates
Bcl-2, thereby promoting  mitochondrial
dysfunction (16).

Similarly, PI3K/Akt/mTOR inhibition and cell
cycle arrest via p53/p21 may intersect
meningioma's hormonal drivers, as evidenced by
quercetin's competition with estradiol at type II
estrogen binding sites (EBS), reducing
bromodeoxyuridine (BrdU) incorporation in
primary meningioma slices. Unlike aggressive
gliomas, meningiomas exhibit slower growth
and progesterone receptor (PR) dominance,
positioning quercetin as a promising adjuvant
therapy post-resection to target residual cells via
these conserved pathways. This distinction
highlights quercetin's pleiotropic potential,
tailored specifically to meningioma biology, and
underscores the need for grade-specific clinical
validation (16, 17).

Therapeutic Mechanisms of Quercetin in
Meningioma

After conducting a systematic search of various
databases, including Web of Science, PubMed,
Scopus, and Google Scholar, we identified two
studies on this topic. Each study investigated a
specific pathway of quercetin's therapeutic
effects in the treatment of meningioma.

Induction of Apoptosis via MicroRNA
Pathways

Hu et al. demonstrated that quercetin promotes
programmed cell death in meningioma cells
through a microRNA-mediated axis, with the
miR-197/IGFBPS5 cascade playing a central role.

In HBL52 meningioma cells, quercetin
treatment reduces viability and proliferation in a
dose- and time-dependent manner, coinciding
with  upregulation @ of miR-197  and
downregulation of IGFBPS at the microRNA
level. The study further demonstrates that miR-
197 directly targets the 3’ untranslated region of
IGFBPS, as shown by luciferase reporter assays.
Overexpression of miR-197 suppresses IGFBP5
expression, and mutation of the binding site
abolishes this effect, indicating a direct
regulatory interaction between miR-197 and
IGFBP5 (16).

Functional consequences include increased
activation of the intrinsic apoptotic machinery,
as evidenced by the upregulation of Bax and
downregulation of Bcl(J2 in quercetin-treated
cells, consistent with mitochondrial pathway—
mediated apoptosis (16).

Collectively, these findings support a model in
which  quercetin  triggers  apoptosis  in
meningioma cells by elevating miR-197, directly
suppressing IGFBP5 expression, and shifting the
Bax/BclJ2 balance toward cell death. These
results align with broader evidence that
microRNAs can regulate tumor cell fate and that
IGFBPS is a functional target of miR-197 in
cancer contexts. While compelling, these in vitro
data warrant in vivo validation and exploration
of quercetin's pharmacokinetics and blood-brain
barrier (BBB) penetration in meningioma
models (16).

Interaction with Estrogen Binding Sites

Meningiomas are more common in women and
can exhibit reversible symptom exacerbation
during  pregnancy, suggesting hormonal
influences on tumor growth. Piantelli et al.
showed that although classic estrogen receptors
(ER) are typically low or absent in
meningiomas, these tumors express a significant
number of type II EBS, which differ from
traditional ER by having lower affinity but
higher capacity for estrogenic ligands. Analysis

6
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of 11 human meningioma samples revealed high
levels of type II EBS but minimal or no ER
detection. Notably, the flavonoid quercetin
effectively competed with radiolabeled estradiol
for binding to type II EBS, whereas other
flavonoids, such as rutin and hesperidin, did not,
indicating a specific ligand-receptor interaction
(17).

Functionally, quercetin at 10 uM significantly
inhibited BrdU incorporation in cultured
meningioma tissue slices, demonstrating its
antiproliferative effect in vitro. These findings
support the hypothesis that quercetin may
regulate meningioma cell growth by interacting
with type II EBS, mimicking a ligand-like
mechanism to exert growth inhibition. This
mechanism contrasts with classical ER-mediated
pathways and suggests a non-genomic, possibly
indirect modulatory role for quercetin within
meningeal tumors. The antiproliferative effect of
quercetin in meningioma aligns with previous
evidence of quercetin’s growth-inhibitory
activity in other cancers expressing type II EBS,
such as breast and ovarian carcinomas. Thus,
type II EBS represents a novel therapeutic target
for quercetin potential in meningioma,
warranting further molecular and clinical trials
(17).

However, this study, now over three decades old,
must be interpreted in light of subsequent
advances in molecular oncology. The field's
understanding of "Type II EBS" has not
progressed significantly, and this receptor class
remains poorly characterized compared to the
canonical estrogen receptors (ERa and ERp). In
contrast, a much stronger and more consistent
hormonal link has been established for PR,
which is expressed in the majority of
meningiomas and is considered a key driver of
tumor proliferation (18).

The relationship between the type II EBS
identified in 1993 and the well-documented PR
pathway for quercetin's impact is entirely
unknown. Quercetin's interaction with type II

EBS may represent an indirect or modulatory
effect within a broader hormonal network, rather
than a primary mechanism of action. This
critical gap highlights the preliminary nature of
this finding and the need to reconcile it with the
modern  understanding of  meningioma
endocrinology.

Limitations and Future Perspectives

The promising preclinical evidence for
quercetin's efficacy in meningioma, primarily
through microRNA-mediated apoptosis and
interaction with type II EBS, must be
contextualized by significant limitations in the
existing literature. Addressing these constraints
is paramount for translating preliminary findings
into clinically relevant therapies.

Critical Appraisal of Current Evidence and
Limitations

The most pronounced limitation is the stark
scarcity of dedicated research. With only two
primary studies identified, the evidence base is
critically limited. This not only limits the range
of mechanisms understood but also precludes a
robust meta-analysis or definitive conclusions
regarding  quercetin's overall therapeutic
potential for meningioma. Furthermore, the
available studies are confined to in vitro models.
The Hu et al. study utilized the HBL[152 cell
line, a model for benign meningioma (Grade I).
While  this provides a  foundational
understanding, it raises a pivotal question
regarding the generalizability of the findings.
Atypical (Grade II) and malignant meningiomas
(Grade III) are
characterized by higher proliferation rates,
increased genomic instability, and greater

biologically  distinct,

resistance to therapy.

It is plausible that quercetin's efficacy and
primary mechanisms of action could differ
significantly across these grades. For instance,
the well-documented ability of quercetin to
induce p53/p21-mediated cell cycle arrest and
pro-oxidant cytotoxicity, as detailed in Section

Herbal Medicines Journal. 2026, 11(1)
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2, may be particularly relevant in higher-grade
tumors that often harbor dysregulated cell cycle
checkpoints and elevated basal oxidative stress.
The current evidence from a single benign
model fails to capture this potential spectrum of
activity.

Moreover, while the identification of the miR-
197/IGFBP5 axis is a valuable contribution, the
existing data cannot establish whether this is the
primary pathway or merely one of several
parallel mechanisms activated by quercetin in
meningioma cells. The broader literature on
quercetin in other cancers clearly demonstrates
its pleiotropic nature, simultaneously targeting
proliferation, survival, and death pathways.

It is highly probable that the general
mechanisms described in Section 2, such as the
shift to pro-oxidant cytotoxicity, inhibition of
PI3K/Akt/mTOR signaling, and modulation of
NF-kB, are also concurrently at play in
meningioma cells. The exclusive focus on a
single microRNA pathway, while
mechanistically insightful, may present an
oversimplified view of quercetin's complex
pharmacological profile. Therefore, the central
apoptotic cascade described may be a
consequence of a broader network of
disruptions, and its relative importance remains
to be determined.

Piantelli et al. employed cultured tissue slices.
The study, while pioneering, is dated. The
central finding of quercetin's action via "type 11
EBS" has not been substantially validated or
expanded upon in the intervening 30 years. This
mechanism exists in a conceptual vacuum, as its
relationship to the more firmly established and
prevalent PR pathway in meningioma
pathogenesis remains completely unexplored.
The sole reliance on this single, old study to
support a significant mechanistic claim is a
major limitation. It underscores the necessity not
only to replicate these binding assays using
modern techniques but also to investigate the

functional crosstalk among quercetin, type II
EBS, and the dominant PR signaling axis.

These models, while valuable, cannot
recapitulate the complexity of the in vivo tumor
microenvironment, including interactions with
the immune system, nutrient availability, and the
BBB. A crucial unanswered question is whether
quercetin, or its bioactive metabolites, can
effectively cross the BBB to reach therapeutic
concentrations at the tumor site. The current data
also lack information on pharmacokinetics,
optimal dosing regimens, and potential off-target
effects, which are essential for drug
development.

Unexplored Mechanistic Landscapes

A significant limitation of the current research
on quercetin in meningioma is its narrow focus
compared to the extensive mechanistic
landscape uncovered in other neurological
cancers. While the miR-197/IGFBP5 axis and
type I EBS interaction provide meningioma-
specific insights, the broader anticancer
mechanisms of quercetin are well-established in
glioblastoma, neuroblastoma, and glioma but
remain largely unexplored in meningioma
(described in Section 2).

These include its potent pro-oxidant cytotoxicity
in already-stressed tumor cells, the modulation
of key survival pathways, such as
PI3K/Akt/mTOR and NF-kB, and the induction
of cell-cycle arrest via p53/p21 activation.
Therefore, future research must systematically
investigate =~ whether  these  fundamental
mechanisms that underpin quercetin's efficacy in
other neural tumors are also operative in
meningioma.

Finally, while studies on quercetin in
meningioma offer compelling mechanistic
insights, the field remains in its infancy. The
path forward requires a concerted effort to
validate these findings in vivo, expand the
mechanistic understanding, and rigorously
assess  quercetin's  pharmacokinetics  and

Herbal Medicines Journal. 2026, 11(1)



Quercetin as a Potential Therapeutic Agent for Meningioma ...

therapeutic utility, either as a standalone
treatment or a synergistic agent, ultimately
aiming to provide a novel, natural product-based
strategy for patients with meningioma.

A Proposed Research Agenda for Future
Studies

To bridge these gaps, a multifaceted research
agenda is needed. Future studies should
prioritize in vivo validation using orthotopic or
patient-derived xenograft mouse models of
meningioma. Such studies would conclusively
determine quercetin's bioavailability, tumor
penetration, and efficacy in a living system,
providing a critical stepping stone towards
clinical trials.

Second, the molecular landscape of quercetin's
action requires extensive mapping beyond the
initial pathways. High-throughput techniques,
such as RNA sequencing and proteomic
profiling of quercetin-treated meningioma cells,
should be employed to identify novel targets and
signaling networks, potentially revealing
synergistic pathways for combination therapy.
Given the hormonal etiology of many
meningiomas, the interaction with type II EBS
warrants deeper investigation. Research should
explore how quercetin's binding translates into
downstream nuclear events and whether the
patient's hormonal status modulates its efficacy.
This could lead to personalized approaches,
stratifying patients based on their tumor's
molecular profile.

Finally, the potential of quercetin as an adjuvant
therapy should be explored. Combining
quercetin with standard care, such as surgery,
radiotherapy, or other chemotherapeutic agents,
could enhance efficacy, overcome resistance,
and allow for lower, less toxic doses of
conventional treatments.

Conclusion
In conclusion, this mini-review synthesizes
emerging evidence positioning quercetin as a

promising natural therapeutic for meningioma,
the most prevalent primary intracranial tumor.
Preliminary in vitro studies reveal its dual
action: inducing apoptosis via the miR-
197/IGFBP5 axis in HBL-52 cells (upregulating
Bax, downregulating Bcl-2) and inhibiting
proliferation through type II EBS in primary
meningioma tissue, competing with estradiol to
curb BrdU incorporation. These meningioma-
specific mechanisms intersect broader anticancer
effects, ROS-mediated prooxidant shifts,
PI3K/Akt/mTOR suppression, p53/p21 cell-
cycle arrest, and anti-invasive MMP/VEGF
downregulation, offering pleiotropic potential
tailored to meningioma's benign yet recurrent
biology and hormonal drivers, such as PRs.
Clinically, quercetin's low toxicity and dietary
availability make it well-suited for adjuvant
roles post-surgery or radiotherapy, particularly in
recurrent Grade I/Il cases where options are
limited. Key challenges persist: BBB
penetration, higher-grade efficacy (Grade III),
pharmacokinetics, and in vivo validation. Future
directions mandate orthotopic xenograft models,
nanoparticle formulations for enhanced delivery,
combination trials with mTOR inhibitors or
standard care, and Phase I studies to optimize
dosing and safety. By bridging these gaps,
quercetin could emerge as an accessible,
mechanism-driven strategy, transforming
meningioma management and warranting urgent
clinical exploration.
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