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Abstract : Diabetic retinopathy (DR) is a leading cause of blindness. The number of diabetes

patients continues to increase and approximately 15% of diabetes patients suffer from DR, in
which nerve degeneration associated with microvascular disease begins from a very early stage.
From the standpoint of protecting the optic nerve from irreversible degeneration, there is an
urgent need to develop angiogenesis and vascular hyperpermeability inhibitors that can be used
from the simple DR stage. Retinal pericytes are susceptible to damage by hyperglycemia in
diabetes. There has been particular focus on elucidating the mechanism by which pericyte-derived
factor deficiency, caused by the detachment of retinal pericytes from retinal capillaries, results in
angiogenesis and microvascular hyperpermeability. However, this mechanism remains poorly
understood. Therefore, this study aimed to use the primary culture of human retinal pericytes to
identify new factors relating to the progression of DR in order to elucidate the mechanism of DR
and investigate target molecules for the development of novel treatments.

We first investigated the identification of peptides secreted by retinal pericytes. We performed
shotgun peptidomics experiments to investigate the bioactive peptides in the conditioned medium
of the primary human retinal pericytes. We employed nano-HPLC-MS/MS for comprehensive
peptide identification. Using this technique, we successfully identified 5,137 peptides in the
conditioned medium. Of these, the 276 peptides originating from 129 genes could be identified
with a confidence level at least 95%. These peptides included peptide hormones that have been
reported to act on vascular endothelial cells; it is noteworthy that these have never before been
reported in retinal pericytes. Currently, we focused an oligopeptide that known as the vasoactive
hormone. The oligopeptides lacks 10 residues at the N-terminus and 2 residues at the C-terminus
of the corresponding the full-length oligopeptide hormone. In addition to some of proteins that act
on vascular endothelial cells, it is interesting that we also identified many partial peptides of
proteins that have been reported to act on neurons and glial cells. This finding indicates that since
retinal pericytes are located outside retinal capillaries, they may interact with optic nerve cells
and glial cells. Despite successfully identifying many peptides, the large quantity meant that it
would have been difficult to verify ALL of these peptides by synthesis. Therefore, we opted to use
fractionation to incrementally purify candidate bioactive peptides. We then prepared the crude
peptide fraction from the conditioned medium as described above and used gel filtration column
chromatography to obtain the fractions. After concentrating each of the fractions, we measured
bioactivity on human retinal microvascular endothelial cells (HRMVECs). We measured cell
proliferation, tube formation, vascular permeability and angiogenesis, and established that
intracellular barrier function analysis using electric cell-substrate impedance sensing (ECIS) is
more effective, and therefore, used ECIS to measure activity. We also used reverse-phase column
chromatography to successfully prepare a fraction comprising bioactive peptides that strengthen
intracellular barrier function, but were unable to complete amino acid sequence determination
before the end of the year. To investigate proteins, we used a membrane filter with a molecular
weight cut off of 3,000 to concentrate the conditioned medium before employing ECIS to observe
the effects of sample proteins on HRMVECs. As a result, we successfully obtained a protein
fraction that acts to weaken intracellular barrier function.

Within the context of DR therapy, the above findings suggest that administering peptides or
using antibodies against proteins may be efficacious for the treatment of damaged retinal
pericytes. Therefore, we will conduct identification and verification using synthetic peptides and
recombinant proteins.
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