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2-Methoxyestradiol (2-ME)

Definition:
2-Methoxyestradiol (2-ME) is a naturally occurring metabolite of the endogenous estrogen 17β-
estradiol, formed via methylation of 2-hydroxyestradiol by catechol-O-methyltransferase
(COMT). It exhibits antiproliferative, antiangiogenic, and proapoptotic properties independent
of classical estrogen receptor pathways.

� Mechanism of Action

Antiangiogenic: Inhibits endothelial cell proliferation and migration by downregulating:
VEGF (vascular endothelial growth factor)
HIF-1α (hypoxia-inducible factor 1-alpha)
ID-1 (inhibitor of differentiation-1)

Antiproliferative: Disrupts microtubule dynamics by binding to tubulin, inducing mitotic arrest
in rapidly dividing cells.

Pro-apoptotic: Promotes apoptosis through mitochondrial pathways, especially in tumor cells.

� Pharmacology

Bioavailability: Low oral bioavailability due to rapid metabolism.
Formulation: Under investigation in micronized or prodrug forms to enhance stability.
Half-life: Short, with extensive first-pass metabolism.

� Experimental and Clinical Uses

Cancer: Studied as an antitumor agent in preclinical and early-phase clinical trials (e.g., breast,
prostate, glioma).
Angiogenesis-related conditions: Investigated for its ability to suppress pathological
neovascularization.
DAVF models: Used experimentally (e.g., Zou et al., J Neurosurg 2016) to reduce dural
angiogenesis in rat models of venous hypertension.

⚠️ Limitations

Lack of FDA approval for any indication.
Short duration of action and poor bioavailability limit its clinical use.
Toxicity and hormonal effects not fully characterized in humans.
No validated use in neurovascular disorders such as DAVFs.

Preclinical Experimental Studies
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In a Preclinical Experimental Study Zou et al. 1) from the Department of Neurosurgery, Huashan
Hospital, Fudan University, Shanghai, China, evaluated in the Journal of neurosurgery the
antiangiogenic effect of 2-methoxyestradiol (2-ME) in a rat model of intracranial venous hypertension,
used as a proxy to study dural arteriovenous fistula formation. Specifically, the authors aimed to
determine whether 2-ME could reduce angiogenesis in the dura mater by modulating the HIF-1α and
ID-1 pathways, which are implicated in hypoxia-induced neovascularization, and concluded that 2-ME
could potentially serve as a therapeutic agent to modulate angiogenesis caused by intracranial
venous hypertension — a process they consider central to DAVF development.

� 1. Flawed Model: DAVF Without DAVF

Despite the title and clinical framing, this study does not model dural arteriovenous fistulas (DAVFs).

No arteriovenous shunt is demonstrated.

No hemodynamic assessment is performed.

No imaging or functional endpoints validate that the model reflects DAVF pathophysiology.

� What the authors present is not a DAVF model, but a crude simulation of dural angiogenesis via
venous outflow obstruction. Calling it a DAVF model is scientifically misleading.

� 2. Redundant Pathway Confirmation

Downregulation of HIF-1α and ID-1 in hypoxic tissues treated with 2-ME is entirely expected.

These markers are ubiquitously involved in hypoxia-induced angiogenesis.

There is no novelty in confirming their suppression by a known antiangiogenic drug.

The authors fail to explore alternative mechanisms or compare 2-ME to other compounds.

� This is confirmation science, not discovery.

� 3. Overreliance on Surrogate Endpoints

The study relies entirely on:

Microvessel density (MVD)

Western blot and RT-PCR of proangiogenic markers

Histological staining

None of these endpoints translate meaningfully to clinical DAVF formation, rupture, or treatment. �
The antiangiogenic effect is localized, temporary, and lacks functional relevance to disease.

� 4. No Clinical Bridge

The authors suggest therapeutic potential of 2-ME for DAVFs, but:

There is no clinical data, not even a case report.
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No discussion of 2-ME’s pharmacokinetics in CNS tissues, toxicity, or interaction with neurovascular
structures.

No rationale is given for choosing 2-ME over other better-studied antiangiogenics.

� The leap from a rodent dura to human neurosurgical treatment is speculative and unjustified.

� 5. Lack of Rigor in Experimental Design

The control groups are poorly described.

There is no blinding, randomization, or power analysis.

The sample size (n = 72) sounds robust, but is split across multiple subgroups and timepoints,
undermining statistical strength.

� This is methodological inflation without analytical depth.

� 6. Misleading Framing and Title

The title implies an intervention for DAVF formation. In reality:

No DAVFs were formed.

No angiographic, surgical, or neuroimaging endpoints were measured.

The real subject is antiangiogenesis in the rat dura. Full stop.

� This is scientific misbranding to create false clinical impact.

� Final Assessment

This study is a laboratory exercise exaggerated into a clinical narrative. It offers:

No pathophysiological insight.

No clinical translation.

No novel mechanism.

It is a classic example of bench-to-nowhere science: technically competent but biologically and
clinically irrelevant.

� Verdict:

Rating: ★☆☆☆☆

Summary:

“A rat study in search of a disease.”

Elegant immunohistochemistry cannot rescue a flawed concept.

1)

Zou X, Zhou L, Zhu W, Mao Y, Chen L. Effectiveness of 2-methoxyestradiol in alleviating angiogenesis
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induced by intracranial venous hypertension. J Neurosurg. 2016 Sep;125(3):746-53. doi:
10.3171/2015.6.JNS15159. Epub 2015 Dec 11. PMID: 26654177.
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