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ARTICLE INFO ABSTRACT
Keywords: Purpose: This study aimed to evaluate the utility of a rationally engineered antibody that directly
Glaucoma blocks collagen fibrillogenesis to reduce scar tissue formation associated with subconjunctival

Ocular scarring
Collagen

Anti-fibrotic
Therapeutic antibody

glaucoma surgery.

Material and methods: Fourteen eyes of 7 adult rabbits underwent glaucoma filtering surgery using
XEN 45 Gel Stent. The rabbits’ eyes were divided randomly into three treatment groups: (i)
treated with the antibody, (ii) treated with mitomycin C, and (iii) treated with the antibody and
mitomycin C. Following surgeries, the intraocular pressure and bleb appearance were evaluated
in vivo. The rabbits were sacrificed 8 weeks after the surgery, and their eyes were harvested and
processed for tissue analysis. Subsequently, tissue samples were analyzed microscopically for
fibrotic tissue and cellular markers of inflammation. Moreover, the collagen-rich fibrotic tissue
formed around the stents was analyzed using quantitative histology and infrared spectroscopy.
The outcomes of this study were analyzed using the ANOVA test.

Results: This study demonstrated no significant differences in intraocular pressure, bleb appear-
ance, or presence of complications such as bleb leak among the treatment groups. In contrast, we
observed significant differences among the subpopulations of collagen fibrils formed within scar
neo-tissue. Based on the spectroscopic analyses, we determined that the relative content of
mature collagen cross-links in the antibody-treated group was significantly reduced compared to
other groups.

Conclusions: Direct blocking of collagen fibrillogenesis with the anti-collagen antibody offers
potentially beneficial effects that may reduce the negative impact of the subconjunctival scarring
associated with glaucoma filtering surgery.

1. Introduction

Glaucoma is the most common cause of irreversible blindness globally. Over 111 million people will have glaucoma by 2040 [1].
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Fig. 6. Box plots of relative amounts of RB (A D), YB(B E), and GB (C F) collagen fibrils in injured (A-C) and uninjured (D-F) regions of
conjunctivas. Separate boxes describe data for the ACA, MMC, and ACA/MMC groups. The interquartile range between the 25th and 75th per-
centiles determines each box. The lines within the boxes represent the medians, while the whiskers delineate the SD values.

Fig. 7. Box-plot representations of relative amounts of RB(A D), YB(B E),and GB (C F) collagen fibrils in injured (A-C) and uninjured (D-F)
regions of sclerae. Separate boxes illustrate data for the ACA, MMC, and ACA/MMC groups. The interquartile range between the 25th and 75th
percentiles determines each box. The lines within the boxes represent the medians, while the whiskers delineate the SD values.
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Fig. 8. An example of a representative fitted FTIR spectrum (A) collected from analyzed ocular tissues. Corresponding residuals, i.e., the differences
between the response data and the fit to the response data at each predictor value, indicating a proper fit, are also presented (B). Spectral peaks
utilized in this study are marked with arrows.

mode, indicated an increase of this ratio in the injured regions (Fig. 10 B). This difference was not statistically significant (F(1, 26) =
0.069, p = 0.795). A similar increase was observed in the injured and uninjured sclera regions (F(1, 26) = 1.716, p = 0.202) (Fig. 10 B).

Also, FTIR-based assays of uninjured sites showed no significant differences in the PYR/de-DHLNL ratios among the ACA, MMC,
and ACA/MMC treatment groups. No differences were observed in this ratio in either the conjunctivae regions (F(2, 11) = 1.244,p =
0.326) (Fig. 11C) or the sclerae regions (F(2, 11) = 2.032, p = 0.177) (Fig. 11 D).

4. Discussion

Although current clinical practice often utilizes MMC as an anti-scarring agent during subconjunctival glaucoma surgeries, this
agent is associated with adverse effects. Furthermore, the long-term effects of using MMC remain controversial. For instance, after
analyzing 698 participants who underwent trabeculectomy, Wilkins et al. concluded that MMC treatment reduced mean IOP and
appeared to reduce the relative risk of trabeculectomy failure in analyzed patients [39]. In a more recent study, Foo et al. analyzed the
effectiveness and safety of MMC versus no MMC used during aqueous shunt surgery to reduce IOP in 333 primary and secondary
glaucoma patients. The authors did not see any strong evidence that MMC treatment reduced IOP 12 months post-surgery compared to
placebo [40].

In the study presented here, we employed a rabbit-based model to analyze the utility of the antibody that blocks collagen fibril-
logenesis to reduce postoperative scar tissue formation around the XEN Gel Stent. In our earlier studies, we demonstrated the utility of
the antibody in limiting excessive scarring in arthrofibrosis, keloid, and lung fibrosis models [11,13,41].

In the model employed here, we observed scar neo-tissue formed around the stents, regardless of the treatment we applied.
However, these scars did not cause any significant changes in the IOP values measured in the rabbits treated with ACA, MMC, or ACA/
MMC. It is likely that in future tests, it will be necessary to induce ocular hypertension in our animal model using, for example,
photocoagulation of the trabecular meshwork, cauterization of the episcleral veins, or topical steroid application to measure any IOP-
reducing effects of the analyzed compounds [42]. Furthermore, a more extended postoperative period may be needed to allow for more
robust scar formation.

Although the scar neo-tissue that formed for 8 weeks around the stents did not impact the IOP, we observed a few significant
differences in the composition and structure of the conjunctiva’s collagenous material that forms the bulk of the scar neo-tissue. First,
we observed fewer GB fibrils in the ACA and MMC groups compared to the ACA/MMC group. As the GB fibrils in the healing tissues
represent newly synthesized thin fibrils before they aggregate laterally into thick fibers, we interpret this result as the inhibition of neo-
fibrillogenesis by ACA and MMC. We propose, however, that mechanisms of GB fibril reduction differ in the ACA and MMC groups.

In the ACA group, the reduction of the newly synthesized fibrils was most likely due to the antibody-mediated blockage of collagen-



