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Abstract

Diabetic retinopathy (DR) is a leading cause of blindness in the working-age population of most
countries. More than 3,000 new cases of blindness related to diabetic retinopathy occur in Japan
each year. 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 capillaries are
composed of microvascular endothelial cells, pericytes and basement membrane. Retinal pericytes
have important roles in a range of functions, including angiogenesis, vessel stabilization,
endothelial cell regulation and maintenance of the blood-retinal barrier. The 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 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 cells. Primary human retinal pericytes were purchased from Cell Systems Corporation. By
culturing the retinal pericytes in a serum-free medium and filling the recovered medium in a
reverse-phase column cartridge, we concentrated the crude peptide fraction. The crude peptide
fraction was applied to a gel filtration column. Peptides containing fractions corresponding to
molecular masses between approximately 1,000 and 10,000 were collected. We then used a strong
cation exchange ion exchange column chromatography to remove the pigment composition and
obtain the peptide fraction. After reductive alkylation treatment of the fraction, we employed a
nanoscale liquid chromatography coupled to tandem mass spectrometry (nano LC-MS/MS) for
comprehensive peptide identification. The nano LC-MS/MS data were submitted through the
ProteinPilot software and searched against human database with a decoy database. Using this
technique, we successfully identified 5,137 peptides in the conditioned medium. Of these, the 276
peptides originating from 128 genes could be identified with a confidence level at least 95%.
Similar results were obtained when the cells were cultured for 1 day or for 7 days.

These peptides included functional peptides that have been reported to act on vascular
endothelial cells; it is noteworthy that these have never before been reported in retinal pericytes.
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 selected 24 genes encoding a extracellular protein that categorized as
"Secreted protein" in the UniProt database (see below).
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In a search for novel regulators of retinal microvascular endothelial cells, we focused on a
peptide derived ADM gene, because ADM gene products are reported that the regulators of
endothelial cells. The ADM gene encodes for a preprohormone of 185 amino acid residues, which is
post-translationally modified to generate four peptides: PAMP (ADM2s-41), MR-proADM (ADM5-92),
adrenomedullin  (ADMogs-146), adrenotensin (ADM;iss-1s5). Adrenotensin has been shown to
antagonize the stimulatory effect of adrenomedullin on endothelial nitric oxide generation.
However, the adrenotensin on human samples has not been determined. In this study, we found
that conditioned medium of human primary retinal pericytes contained a partial fragment of
adrenotensin.

We investigated whether the peptide (named AADT) could activate human retinal
microvascular endothelial cells (HRMVECs) proliferation, migration, and tube formation. To
investigate the effect of the AADT on HRMVEC growth, we assayed cell proliferation by cell
counting. The AADT increases HRMVEC proliferation in a dose-dependent manner. Moreover, the
cells that were treated with the AADT showed increased cell growth compared with adrenotensin
treated cells. We measured HRMVEC migration assay by early wound healing using electric
cell-substrate impedance sensing (ECIS). ECIS could allow a real time monitoring of cellular
behaviour. For wound healing assays, confluent cells cultured on gold electrodes culture plates,
and the AADT was added. After incubation, cells were submitted to an elevated voltage, which led
to the death and detachment of cells present on the small active electrode, resulting in a wound
normally healed by cells surrounding the small active electrode that have not been submitted to
the elevated voltage pulse. Wound healing was then assessed by continuous impedance
measurements at 16 kHz for 12 hours. This assay showed that the AADT more effectively
stimulated HRMVEC migration than adrenotensin and solvent control. These results suggest that
the AADT has a higher angiogenic activity than adrenotensin. Consistent with the cell
proliferation and migration assay results, the AADT significantly stimulated HRMVEC tube
formation. Recently, we also identified the AADT in human urine samples by nano LC-MS/MS
analysis. Further clinical and experimental studies are required to elucidate the relationship
between diabetic retinopathy and the AADT expression in retinal preicytes.

We also opted to use fractionation to incrementally purify candidate bioactive peptides from the
conditioned medium of human primary retinal pericytes. 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 HRMVECs. We tried HRMVEC proliferation, migration tube formation, and
vascular permeability, and established that intracellular barrier function analysis using electric
cell-substrate impedance sensing (ECIS) is more effective, and therefore, used ECIS to measure
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activity. We also used reversed-phase high-performance liquid chromatography to successfully
prepare a fraction comprising bioactive peptides that strengthen intracellular barrier function, but
were unable to complete amino acid sequence determination.

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. Further studies are required to identification and verification using synthetic peptides
and recombinant proteins.
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VIME_HUMAN
ACTB_HUMAN
ACTG_HUMAN
MMP1_HUMAN
TYB10_HUMAN
ANXA2_HUMAN
MAP4_HUMAN
RTN4_HUMAN
CO1A2_ HUMAN
CD44_HUMAN
ADML_HUMAN
AHNK_HUMAN
PTRF_HUMAN
QSOX1_HUMAN
SRGP2_HUMAN
ANXA1_HUMAN
CO5A1_HUMAN
CO5A3_ HUMAN
PERLHUMAN
NP1L1_HUMAN
TYB4_ HUMAN

MAP1A_HUMAN

ARHGB_HUMAN  BCAT1_HUMAN

ZZEF1_HUMAN
BRD4_HUMAN
CSTN1_HUMAN
PCDH8_HUMAN
TACC2_HUMAN
SODC_HUMAN
CO1A1_HUMAN
FINC_HUMAN
ALDOA_HUMAN
HSPB1_HUMAN
CO5A2_HUMAN
GDN_HUMAN
PGS2_HUMAN
CATL1_HUMAN
TSP1_HUMAN
4F2_HUMAN
K2C3_HUMAN
COBA1_HUMAN
CO6A3_HUMAN
ELN_HUMAN

HMGA1_HUMAN

LPLC4_HUMAN
RAN_HUMAN
EF1A1_HUMAN
MLL1_HUMAN
ZO1_HUMAN
LRP1_HUMAN
GOGA3_HUMAN
MZT1_HUMAN
FOXC1_HUMAN
SPTA2_HUMAN
ITPR2_HUMAN
COJA1_HUMAN
PDIA6_HUMAN
PLCL1_HUMAN
PTN14_ HUMAN
TAF12_HUMAN
DREB_HUMAN
ZN827_HUMAN
GRAP1_HUMAN
GREB1_HUMAN

H90B3_HUMAN

MEGF8 HUMAN
ZN546_HUMAN
ABCAD_HUMAN
MON1A_HUMAN
LRP11_HUMAN
CC023_ HUMAN
NKAP_HUMAN
05284 HUMAN
FBF1_HUMAN
RPGF6_HUMAN
MAML1_HUMAN
COLAT_HUMAN
TEP1_HUMAN
ANKR2 HUMAN
CLPB_HUMAN
QRIC2_HUMAN
CE032 HUMAN
PTN23_HUMAN
PKHA4_HUMAN
YS027 HUMAN
WDR26_HUMAN

MRGBP_HUMAN

CO4A6_HUMAN
PLEC_HUMAN
MPND_HUMAN
LAMB4_HUMAN
GTPBA_HUMAN
TMM8C_HUMAN
F157A_HUMAN
MA2B1_HUMAN
NCAN_HUMAN
HGS_HUMAN
JUND_HUMAN
PTPRG_HUMAN
COF1_HUMAN
GATA2_HUMAN

TTC19_HUMAN
VASN_HUMAN
T132E_HUMAN
PHLB3_HUMAN
CK061_HUMAN
TRI67_HUMAN
TBA1A_HUMAN
KI21A_HUMAN
HECW2_HUMAN
UBQL2_HUMAN
PRR12_HUMAN
CAPS1_HUMAN
COHA1_HUMAN
BAIP2_HUMAN

Signal
peptide

PEBP1_HUMAN  HDAC5_HUMAN
COIA1_HUMAN HPSE_HUMAN
GPR12_ HUMAN  STB5L HUMAN
NEST_HUMAN SIGL9_HUMAN
HNRPM_HUMAN

DPOG1_HUMAN

TAF7L_HUMAN

GARL3_HUMAN

UNIPROT_ID GENE NAME UNIPROT_ID GENE NAME
ADML_HUMAN Adrenomedullin COHA1_HUMAN Collagen, type XVII, alpha 1
ANXA2_HUMAN Annexin A2 COIA1_HUMAN Collagen, type XVIII, alpha 1

LPLC4_HUMAN
CO1A1_HUMAN
CO1A2_HUMAN
CO4A6_HUMAN
CO5A1_HUMAN
CO5A2_HUMAN
CO5A3_HUMAN
- CO6A3_HUMAN
COBA1_HUMAN
COJA1_HUMAN

BPI fold—containing family B member 4

Collagen, type I, alpha 1
Collagen, type I, alpha 2
Collagen, type 1V, alpha 6
Collagen, type V, alpha 1
Collagen, type V, alpha 2
Collagen, type V, alpha 3
Collagen, type VI, alpha 3
Collagen, type XI, alpha 1
Collagen, type XIX, alpha 1

COLA1_HUMAN

PGS2_HUMAN
ELN_HUMAN
FINC_HUMAN
HPSE_HUMAN
LAMB4_HUMAN
MMP1_HUMAN
QSOX1_HUMAN
GDN_HUMAN
VASN_HUMAN

Collagen, type XXI, alpha 1

Decorin

Elastin

Fibronectin 1
Heparanase

Laminin, beta 4

Matrix metallopeptidase 1
Sulfhydryl oxidase 1
Glia—derived nexin
Vasorin

MR-proADM

92 95

UniProtlZTSubcellular locationA®
secreted proteinl ;X B 3 5&
2ABIEFHEDRITIFRIZERYAENT-

Adrenomedullin

Adrenotensin

146 153

185

AADT
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