Novel Treatment Modalities for Corneal Cystinosis
In 2011 we published two peer review articles on corneal cystinosis in the cystinosin (ctns-/-) knockout mouse model:
Simpson JL, Nien CJ, Flynn K, Cherqui S, Jester JV. Quantative in vivo and ex vivo confocal microscopy analysis of corneal cystine crystals in th Ctns-/- Knockout Mouse. Molecular Vision 2011;17:2212-2220

Simpson JL, Nien CJ, Flynn KJ, Jester JV. Evaulation of topical cysteamine therapy in the Ctns-/- mouse using in vivo confocal microscopy. Molecular 
Vision 2011;17:2649-2654

Specific Aims:

The major objective of this CRF grant is to assess the efficacy of two novel treatment strategies for their ability to reduce or block the formation of corneal cystine crystals, i.e. human umbilical cord mesenchymal stem cell (HUMSC) transplantation and poly(lactic-co-glycolic acid) (PLGA) nanoparticle-based, sustained drug delivery.  In order to accomplish this task we have proposed the following Specific Aims:

Specific Aim I: 

To test the hypothesis that transplantation of HUMSC into Ctns-/- mouse corneas will significantly reduce or block corneal cystine crystal formation.  Studies provided in our Approach have shown that HUMSC differentiate into corneal keratocytes and can be used to restore normal corneal function in the lumican knockout mouse.  We propose that HUMSC will therefore replace damaged and dying Ctns-/- keratocytes, leading to the removal and clearance cystine crystals, and the restoration of normal corneal function. In order to test this hypothesis, Ctns-/- mouse corneas will be injected with HUMSC at different stages of disease progression and the effects assessed by quantitative in vivo confocal microscopy.  Rate of crystal formation will then be compared to un-injected, mock injected or fibroblast injected control corneas.  

Methodology:
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Two experiments are currently underway (See Table).  All corneas are scanned by in vivo confocal microscopy prior to HUMSC transplantation to measure baseline cystine crystal volume and then sequentially at monthly interval to 10 months of age.  The effects of HUMSC transplantation will then be determine and compared to contralateral control eyes, and sham injected or wild type, mouse corneal fibroblast injected eyes.  At the end of the experiment (10 months of age) animals will be sacrificed, eyes fixed and processed for laser scanning confocal microscopy to access growth and differentiation of HUMSC, keratocyte density, and inflammatory cell infiltration using previously established techniques [41-43]. This experiment will then be repeated in order to assess reproducibility.  If no effect is detected, Experiment 2 will be performed using younger mice, 2 month of age, where cystine crystals have not formed.  The same approach will be used for injection, follow-up and analysis as for Experiment 1. 
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 Progress Report
 For Experiment 1, 3x104 cells in 2 l of PBS were injected into the right eyes of 8, 5 month old Ctns-/- mice, while the left eyes were injected with 2 l of PBS alone, as a control.    At 7.5 months of age (10 weeks post transplantation) ctns-/- corneas underwent in-vivo confocal microscopy to assess crystal volume.  Three out of eight PBS eyes went on to develop corneal scarring as expected from our topical cysteamine study.  By contrast, 0/8 eyes injected with hUMSC have gone on to corneal scarring.  Evaluating individual animals, there also appeared to be decreased intrastromal cystine crystals in eyes injected with hUMSC compared to PBS injected eyes.  As shown in Fig. 10, eyes injected with PBS (Lt – Left eyes) showed extensive cystine crystal deposits in the middle of the corneal stroma.  This was in contrast with the absence (420 Rt and 411 Rt) or marked reduction (683 Rt) of crystals in the right eyes (Rt) that were injected with hUMSC. 

We have also measured the crystal volume in these mice after 10 weeks engraftment and detected a significant difference (p < 0.05) between hUMSC and PBS injected eyes using pair-wise analysis, averaging 0.086 + 0.054% and 0.478% + 0.308% respectively.  As shown in Fig. 11, comparing CVI levels in the five mice where the PBS injected cornea did not go on to corneal scarring shows that all 5 hUMSC injected eyes (Rt) show lower cystine crystal volume compare to the PBS injected eyes (Lt). These exciting results must be mitigated by the fact that this is only one time point, and a longer follow-up is clearly needed.  Nevertheless, these findings provide clear evidence that hUMSC engraftment may be capable of replacing damaged Ctns-/- keratocytes during the progression of corneal cystinosis.
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Experiment 1 - Effect on Cystine Crystal Removal

Age of Treatment [Injection Group

HUMSC 20
Sham 20
Mouse Fibroblast 20
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Experiment 2 - Effect on Cystine Crystal Appearance
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Figure 10


In vivo confocal microscopic images from Ctns-/- mouse corneas injected with PBS in the left eye (Lt, left panels) compared to corneas from the same mouse injected with hUMSC into the right eye (Rt, right panel).  Note the marked reduction in intrastromal crystals in the hUMSC injected eyes.
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Figure 9


Intrastromal injection of mice using a 33 gauge needle.








