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these findings. Both Transwell migration (Figure 5G-5H)
and wound-healing assays (Figure 51-5J) showed that Pae
effectively suppressed vertical and horizontal migration of
TGF-p2-treated HLECs. Strikingly, compound C significantly
attenuated this inhibitory effect, restoring migratory capacity
toward that of untreated controls. These data validate that
AMPK activation as a critical upstream event required for Pae
to suppress TGF-B2-induced EMT and migration in HLECs.
DISCUSSION

Current interventions to PCO, such as YAG laser posterior
capsulotomy, which primarily achieve therapeutic effect by
physically disrupting the posterior capsule. In this study, we
identifies Pae as a pharmacological modulator of PCO through
direct targeting of the AMPK/Smad signaling axis™*". Pae
acts upstream of fibrotic signaling, preventing LEC, EMT and
fibrotic remodeling at the molecular level.

TGF-B/Smad signaling is the central driver of EMT in PCO.
Consistent with this paradigm, TGF-B2 stimulation robustly
induced EMT in human LECs, as evidenced by increased
expression of mesenchymal markers, including Vimentin
and fibronectin, along with suppression of epithelial markers
such as ZO-1P"7% Pae treatment effectively reversed these
molecular changes and suppressed functional hallmarks of
EMT, including both horizontal and vertical cell migration”".
These findings demonstrate that Pae interferes with TGF-f32-
driven fibrotic signaling and preserves epithelial integrity in
LECs, providing a pharmacological complement to surgical
prevention strategies.

Mechanistically, our data indicate that Pae directly interacts
with AMPK at its catalytic pocket, forming stable hydrogen
bonds with key residues ASP88 and LYS29, thereby
stabilizing AMPK in an active conformation and promoting its
phosphorylation. Importantly, biochemical analyses confirmed
that Pae enhanced AMPK phosphorylation without altering
total AMPK protein levels, indicating that it functions as a
natural AMPK activator. This mode of regulation differs from
classical pharmacological AMPK agonists and highlights a
novel mechanism linking energy sensing to fibrotic control””.
Previous studies have shown that AMPK activation attenuates
fibrosis in multiple organs, including liver™", kidney"*?%,
lung®™", and heart"™, primarily through inhibition of TGF-p-
driven transcription and extracellular matrix deposition”’. Our
findings extend this paradigm to ocular fibrosis, demonstrating
that AMPK activation can suppress Smad-dependent
transcription and EMT in LECs, thereby connecting systemic
anti-fibrotic pathways to local ocular pathology.

The functional relevance of AMPK activation was further
validated using the selective inhibitor Compound C™*'**'. Pre-
treatment with Compound C abolished Pae-induced AMPK
phosphorylation, reversed suppression of EMT markers, and

restored HLEC migration. These results establish AMPK
as the critical upstream mediator of Pae’s anti-EMT effects,
suggesting a hierarchical interplay between metabolic sensing
and TGF-B/Smad signaling in fibrotic progression. AMPK
acts as a negative regulator of Smad-dependent transcription,
providing direct evidence for its therapeutic potential in ocular
fibrosis and filling a gap in pharmacological strategies for PCO
prevention. While our mechanistic studies were performed
in vitro, confirming AMPK activation in the rat PCO model
would provide important in vivo evidence. This represents
a limitation of the current work and a priority for future
investigation.

Previous studies have shown that Pae inhibits TGF-1-
induced EMT in pancreatic cancer cells™”, attenuates hepatic
fibrosis by suppressing hepatic stellate cell activation, and
reduces extracellular matrix deposition in cardiovascular and

2021844 Our study extends these observations

renal fibrosis'
to ocular fibrosis, demonstrating for the first time that Pae
suppresses TGF-B2-induced EMT in HLECs and attenuates
post-surgical capsular fibrosis in vivo. Notably, the effect of
Pae on AMPK activation provides a new mechanistic insight,
complementing prior reports focusing on its antioxidant and
anti-inflammatory activities. By directly engaging AMPK and
indirectly inhibiting Smad2/3 phosphorylation, Pae bridges
metabolic sensing and fibrotic signaling in LECs, underscoring
its potential as a targeted pharmacological agent for PCO
prevention.

From a translational perspective, the natural origin and
favorable safety profile of Pac make it a promising candidate
for intraocular application”’. Compared with synthetic AMPK
agonists, Pae may offer a safer and more biocompatible option
for prophylactic treatment following cataract surgery. Its
ability to modulate multiple pathogenic pathways—including
EMT, oxidative stress, and inflammation—suggests that Pae
may provide broad-spectrum protection against fibrotic eye
diseases beyond PCO. Future directions include optimizing
drug delivery systems, such as nanoparticle formulations or
sustained intraocular delivery platforms, to achieve prolonged
therapeutic activity, as well as exploring combinatorial strategies
with current surgical or pharmacological interventions*.

In summary, our findings identify Pae as a natural AMPK
activator that disrupts TGF-Bf/Smad signaling and suppresses
EMT-driven fibrosis in the lens capsule. By linking metabolic
sensing to fibrotic regulation, Pae establishes a mechanistic
foundation for pharmacological PCO prevention and highlights
a broader potential for AMPK-targeted therapies in ocular
fibrosis.
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