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Summary 

Modulation of corneal transplant rejection using gene therapy shows promise in 

experimental models but the most appropriate vector for gene transfer is yet to be 

determined. The overarching aim of the thesis was to evaluate the potential of a 

lentiviral vector for use in human corneal transplantation. Specific aims were: (i) to 

assess the ability of an HIV-1-based lentiviral vector to mediate expression of the 

enhanced yellow fluorescent protein (eYFP), and a model secreted protein 

interleukin-10 (IL10), in ovine and human corneal endothelium; and (ii) to examine 

the influence of lentivirus-mediated IL10 expression on the survival of ovine corneal 

allografts. 

 Four lentiviral vectors expressing eYFP under the control of different 

promoters, were tested: the simian virus type-40 (SV40) early promoter, the 

phosphoglycerate kinase (PGK) promoter, the elongation factor-1α (EF) promoter, 

and the cytomegalovirus (CMV) promoter. Two lentiviral vectors expressing IL10 

were tested: one containing the SV40 promoter and another containing a steroid-

inducible promoter (GRE5). Lentivirus-mediated expression in transduced ovine and 

human corneal endothelium was assessed by fluorescence microscopy, real-time 

quantitative RT-PCR and ELISA, following alterations of transduction period 

duration (2–24 hr) and vector dose, as well as in the presence or absence of 

polybrene or dexamethasone (GRE5 vector). It was also compared to expression 

mediated by adenoviral vectors. Orthotopic transplantation of ex vivo transduced 

donor corneas was performed in outbred sheep. Allografts were reviewed daily for 

vascularisation and signs of immunological rejection. 

 Lentivirus-mediated eYFP expression was delayed in ovine corneal 

endothelium compared to human. However, in both species the final transduction 
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rate was >80% and expression was stable for at least 14 d in vitro. Lentivirus-

mediated expression in ovine and human corneal endothelium was higher with the 

viral promoters in comparison to the mammalian promoters. A 24 h transduction of 

ovine corneal endothelium with the lentiviral vector encoding IL10 resulted in 

expression levels which were increasing after 15 d of organ culture but 

logarithmically lower than those achieved by adenovirus. Shortening the lentiviral 

transduction period to 2 h led to a reduction in expression, but the addition of 

polybrene (40 µg / ml) to the transduction mixture restored expression to levels 

comparable to those attained after a 24 h transduction period. Lentivirus-mediated 

IL10 expression was higher and more rapid in human corneal endothelium compared 

to ovine corneas. Dexamethasone-responsive transgene expression was observed in 

both ovine and human corneal endothelium using the lentiviral vector containing the 

GRE5 promoter. Lentivirus-mediated expression in ovine corneal endothelium was 

stable for 28 d in vivo. A modest prolongation of ovine corneal allograft survival 

(median of 7 d) was achieved by transduction of donor corneas for 2–3 h with the 

lentivirus expressing IL10. Attempts to increase the expression of IL10 by the 

addition of polybrene (40 µg / ml) to the transduction mixture, resulted in a toxic 

effect on corneal allografts which abrogated the beneficial effect of IL10. 

 The lentiviral vector shows potential for the stable expression of therapeutic 

transgenes in human corneal transplantation. However, the mechanisms underlying 

the species-specific differences in HIV-1-mediated transgene expression will need to 

be elucidated and overcome if the ovine preclinical model is to provide justification 

for a clinical trial. 
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