
 

Tiny nanoparticle could have big impact on
patients receiving corneal transplants
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A single SCT injection of PLGA DSP-NP at POD3 provided short-term reversal
of corneal graft rejection. (A) Treatment scheme of rat corneal allograft
rejection. At POD3, a single 10-μl SCT injection of saline, DSP solution (DSP,
10 mg/ml), or PLGA DSP-NP (DSP, 10 mg/ml) was administered (n = 5 per
group). Routine clinical evaluation was conducted at POD3, POD10, POD17,
and POD28. (B) Representative photos of grafts at POD3, POD10, POD17, and
POD28. (C) Corneal opacity, (D) edema, (E) neovascularization, (F) total
clinical grade, and (G) graft survival rate. Data are shown as means ± SEM. For
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(C) to (F), statistical analysis at POD10 was calculated using one-way ANOVA
with a Tukey’s post hoc test for multiple comparisons (PLGA DSP-NP
compared with Saline: *P ≤ 0.05, **P ≤ 0.01, and ***P ≤ 0.001; PLGA DSP-
NP compared with DSP solution: #P≤ 0.05, ##P≤ 0.01, ###P≤ 0.001). PKP,
penetrating keratoplasty. Credit: Science Advances (2023). DOI:
10.1126/sciadv.adf4608

Corneal transplants can be the last step to returning clear vision to many
patients suffering from eye disease. Each year, approximately 80,000
corneal transplantations take place in the U.S. Worldwide, more than
184,000 corneal transplantation surgeries are performed annually.

However, rejection rates for the corneal grafts can be as high as 10%.
This is largely due to poor patient compliance to the medications, which
require frequent administrations of topical eyedrops over a long period
of time.

This becomes especially acute when patients show signs of early
rejection of the transplanted corneas. When this occurs, patients need to
apply topical eyedrops hourly to rescue the corneal grafts from failure.

The tedious process of eyedrop dosing causes a tremendous burden for
patients. The resulting noncompliance to medication treatment can lead
to even higher graft-rejection rates.

Research led by a team at Virginia Commonwealth University may make
the corneal grafts more successful by using nanoparticles to encapsulate
the medication. The novel approach could significantly improve patient
compliance, according to a paper recently published in Science Advances
titled "Six-month effective treatment of corneal graft rejection."
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Each nanoparticle encapsulates a drug called dexamethasone sodium
phosphate, one of the most commonly used corticosteroids for various
ocular diseases treatment such as ocular inflammation, non-infectious
uveitis, macular edema and corneal neovascularization. By using the
nanoparticles to control the release of the medicine over time, patients
would require only one injection right after the corneal transplantation
surgery without the frequent eye drops. Our studies have shown that
using this method the medication maintains its efficacy for six months
on a corneal graft rejection model.

In addition, because the medicine is released slowly and directly where it
is most needed, the approach requires much lower doses than current
standard eyedrop treatment while providing better efficacy and safety
profiles.

Qingguo Xu, D.Phil., the principal investigator of this project and an
associate professor of pharmaceutics and ophthalmology at VCU School
of Pharmacy, collaborated with Justin Hanes, Ph.D., the Lewis J. Ort
professor of ophthalmology at Johns Hopkins University.

Xu said, "To improve patient compliance and treatment efficacy, we
developed a tiny nanoparticle (around 200 nanometers) that in animal
studies enables the release of the drug up to six months after a single
subconjunctival injection along the eyeball."

Tuo Meng, Ph.D., who worked on the project as a doctoral student at
VCU and is the first author of this paper, said, "In our preclinical corneal
graft rejection model, the single dosing of the nanoparticle successfully
prevented corneal graft rejection for six months."

More importantly, the nanoparticle approach reversed signs of early
rejection and maintained corneal grafts for six months without rejection.
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  More information: Tuo Meng et al, Six-month effective treatment of
corneal graft rejection, Science Advances (2023). DOI:
10.1126/sciadv.adf4608
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