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U3YYEHUE NNOKAJIbHOW 3KCMNPECCUX MPHK FTEHOB
MEOWATOPOB BOCNAJIEHUA B MOLEJIN ATPODUN
PETUHAJIbHOIO NMMrMEHTHOI O SMUTEJIUA

W DEFEHEPALIUN CETYATKW, UHOYUUPOBAHHOMN
CYBPETUHAJIbHbIM BBEAEHUEM ®U3UOJIOTMHECKOIO

PACTBOPA B 3KCMNMEPUMEHTE Y KPOJIUKOB

Hepoes B.B., banankaa H.B., Ceeraosa E.B., Hepoesa H.B.,
NMmoxun ILA., Paouna M.B., Kapmokosa A.T.

DI'BY «Hauuonanvhwlii MeOUUUHCKUI UCCACO08aAMENbCKULL UeHMP 2AA3HbIX O0ae3Hel umeHu [eabmeonvya»
Munucmepcmea 30pasooxpanenus P®, Mockea, Poccus

Pesome. [lereHepaTUBHO-IUCTpOoUUESCKUE 3a00IeBaHUS CeTYaTKN, B YACTHOCTH BO3pacTHAsI MaKyJIsIp-
Has nereHepanust (BMJI), B HacTosiiee BpeMsl CUMTAIOTCS BEAYILEU MPUYMHOM CIETIOThI U CJIA00BUAECHUS B
Pa3BUTHIX CTPaHax, UMEIOT TeHASHIIMIO K HEYKJIOHHOMY POCTY. B nyOiuKaluysax nocjieaHux JeT npeacrapie-
HBI J0KAa3aTeIbCTBA YIACTHUsI BOCITAJIMTEIbHBIX MEXaHN3MOB B Pa3BUTHU U ITporpeccupoBanuu BMJI, pac-
mu@poBaHHBIX Oyarogapsl ycriexam B 00JIaCTU MCCIeOBaHUI BPOXAEHHOTO U aJallTUBHOTO UMMYHUTETA.
OpHako MMMYyHomnaTtoreHes arpoduueckoit popmbl BMJI — «reorpacduyeckoii atpopumn» (I'A) ocrtaercs
NpakTUYeCKu HeudydyeHHbIM. Llenbio paboThl SIBUJIOCH UCCaeal0oBaHuE JoKaibHOM aKenpeccun MPHK Boc-
nanutebHbIX UTOKHOB IL-1B, IL-18, CCL2/MCP-1 B Monenu arpoduu PI1D, nuaynmmpoBaHHO# cyOpe-
TUHaJIBbHBIM BBeneHueM 0,9 %-Horo pacTBopa XJ0puaa HaTpus B AKCIIEpUMEHTe Y KpoJIMKoB. MccienoBaHust
BBITIOJTHEHBI B 00pasiax TKaHeBOro Komruiekca cerdaTku-PIID-xopuounen (TK), BbImenreHHOTO M3 r1a3
23 KpOJIMKOB MOPOJBI HOBO3EIaHACKUX aTbOMHOCOB, Ha KOTOPBIX MojeaupoBaiack atpodpus PIID mytem
cyopeTuHanbHOro BeeaeHust 0,9%-Horo pacTBopa XJopua HaTpUsl, M 5 3M0POBBIX KPOJMKOB 03 IIa3HbIX
nopaxeHuit. 2KNBOTHBIM ONBITHOM M KOHTPOJBLHOU TPYMIT 3a HEIIEJIIO 10 ONepaTUBHOIO BMEIIIATEIbCTBA, B
paHHEM Mepuone, B cpoku ¢popmupoBaHus ycroitunboit arpoduu (PI1D) npoBomunnck ontudeckass Kore-
pentHast Tomorpacdusi (OKT) u ayroduroopecteHms riaazHoro aHa (A®P). OueHKa ypoBHEl 3KCIIpecCuu
TeHOB MpoBOCHaUTENbHBIX HUTOKMHOB B TK BoeimosHsiiack Metogom OT-TTLP. IToka3zaHo, uTo cyopeTu-
HabHOe BBeaeHue 0,01 mut 0,9%-Horo pacTBopa XJIopyaa HaTpusl, MHAYLIMpYyloliee pa3Butue arpoduu PI1D
Y KPOJIMKOB B 9KCIIEPUMEHTE, aCCOLIMMPYETCS C pa3HOHAIPAaBJIEHHBIMU U3MEHEHUSIMU 3KcTipeccu mRNA
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renoB IL-1B3, IL-18, MCP-1/CCL2 otHOcuTe1bHO HOpMBI. OXapaKTepu30BaHbI TP THUTIA OTBETA B TKAHEBOM
KoMmriekce xopuonnaes / PI1D / cetuatka, (hopMupyeMbIe BO BpeMsT pa3BUTHSI aTpOGUISCKIX U3MECHEHUI 1
omnpenessieMble BEIMYMHON JIOKATbHOUW 3KCIPECCUN TeHOB IIMTOKMHOB: 1) TMI0/apeaKTUBHOCTh — CHIDKE-
HME/OTCYTCTBUE IKCIIPECUU; 2) HOPMOPEAKTUBHOCTh — YMEPEHHOE TMOBBIIIIEHNE; 3) TUIIepPPEakKTUBHOCTh —
rurnepakcrpeccust. Y 69,6% KUBOTHBIX MPU (OPMUPOBAHUN YCTOMUUBOI aTpO(D UK OTMEUATOCh ITOBBILIEHUE
(OT yMepeHHOTO 10 TUTIepOTBeTa) JIoKabHOU akcnipeccun mMRNA MCP-1/CCL2, a B Tpetu ciiyyaeB — 3Ha-
yutesbHOoe yeuiieHue akcrpeccu mRNA IL-1p — dakTopoB, NOBpexXAaI0IINX FTeMAaTOPETUHAILHBIN Oapbep
¥ CIIOCOOCTBYIOIINX HapYIICHWI0 MMMYHHOUW MPUBWJISTUM 3aJHErO OTpe3Ka riasa. [lomydyeHHBIe maHHBIC
MOTYT OBITh TOJE3Hbl B UBYUEHUU Pa3IMUHbIX BUAOB aTpoduu PIID u npu paspaboTke HOBBIX CTpaTeruii
JieueHus1 0(TaTbMOIIATOIOIMU, B TOKJIMHUYECKUX UCCIEA0BaHUSIX.

Knroueswie cnosa: BMJI, ampoghus pemunanvHoeo nuemeHmHo20 snumenus, KOMIACKC «Cem4amKa — xopuoudes»,
nposocnarumenvHole YUMoKUHbL, dkcnpeccus eenog, OT-T11[P

EXAMINING LOCALLY EXPRESSED mRNA OF INFLAMMATORY
MEDIATOR GENES IN A MODEL OF RETINAL PIGMENT
EPITHELIUM ATROPHY AND RETINAL DEGENERATION
INDUCED BY SUBRETINAL SALINE INJECTION IN RABBITS

Neroev V.V, Balatskaya N.V,, Svetlova E.V,, Neroeva N.V,,
Ilyukhin P.A., Ryabina M.V, Karmokova A.G.

Helmholtz National Medical Research Center of Eye Diseases, Moscow, Russian Federation

Abstract. Degenerative-dystrophic retinal diseases, particularly age-related macular degeneration (AMD),
are now considered to be the lead cause of blindness and low vision in developed countries, with a steadily
increasingtrend. Recent publications provide evidence forthe involvement ofinflammatory mechanismsin TM D
development and progression unveiled due to advances in innate and adaptive immunity research. However, the
immunopathogenesis of atrophic AMD form, “geographic atrophy” (GA) remains largely unstudied. Objective:
to investigate local mMRNA expression of inflammatory cytokines 1L-1§, IL-18, CCL2/MCP-1 in a model of
RPE atrophy induced after subretinal injection of 0.9% sodium chloride solution in experimental rabbits. The
investigation was carried out in tissue complex retina-RPE-choroid (TC) samples isolated from eyes of 23 albino
New Zealand rabbits after modeling RPE atrophy by subretinal injection of 0.9% sodium chloride solution and
5 healthy rabbits lacking eye lesions. Animals in the experimental group (one week before surgical intervention,
in the early period, and in the period of sustained RPE atrophy formation) and controls were subjected to optical
coherence tomography (OCT) and ocular fundus autofluorescence (FAF). Evaluation of proinflammatory
cytokine gene expression levels in TC was performed by RT-PCR. Results. Subretinal injection of 0.01 ml
of 0.9% sodium chloride solution induced experimental RPE atrophy development in rabbits vs. control that
was associated with multidirectional changes of IL-1p3, IL-18, MCP-1/CCL2 gene mRNA expression. Three
types of response in the TC, formed during development of atrophic changes and determined by the value of
local cytokine gene expression were characterized: 1) hypo/ no response — decreased/no expression; 2) normal
response — moderate increase; 3) hyper response — overexpression. 69.6% of animals with persistent atrophy
had a moderate to hypertrophic increase in locally expressed mRNA MCP-1/CCL2, whereas 30% cases had
significantly increased IL-13 mRNA expression — factors damaging the blood-retinal barrier and contributing
to posterior segment immune privilege. It should be taken into account while developing new strategies for
treatment of ophthalmic pathology, in particular the currently actively studied and tested options for RPE stem
cell transplantation into subretinal space. The data obtained may be useful to investigate various types of RPE
atrophy and develop new strategies of ophthalmopathology treatment in preclinical studies.

Keywords: AMD, atrophy of the retinal pigment epithelium, retina-choroid complex, proinflammatory cytokines, gene expression,
RT-PCR
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Introduction

Degenerative-dystrophic retinal diseases are
currently considered as the lead cause of blindness
and low vision in developed countries and have a
steadily increasing trend. Retinal pigment epithelium
damage (RPE) is the initial step in the development
of degenerative changes in age-related macular
degeneration, leading to photoreceptor death and
irreversible loss of central vision. RPE is formed
by a single layer of hexagonal polarized pigmented
epithelial cells and located between the choroid and
the neurosensory retina [10].

Normally, the RPE exerts many specialized fun-
ctions aimed at maintaining retinal homeostasis
and performing the visual cycle [4, 10]. RPE plays
an important role in ocular immune privilege by
forming the outer part of the haematoretinal bar-
rier and secreting membrane-bound and soluble
immunosuppressive and apoptotic factors into the
subretinal space [3, 5]. PPE cells are incapable of
regeneration, and their damage is irreversible [9].

An effective treatment for GA has not been
developed [11]. Despite intensive research, the
obstacles in development of promising new treatments
for AMD are primarily due to incomplete knowledge
of the disease pathogenesis.

Recent publications show that the process of
RPE and central retinal photoactive zone damage
is associated with the activation of identified in-
flammatory mechanisms owing to advances in innate
and adaptive immunity research [13]

Thus, simulating unfavorable conditions such as
hypoxia, hyperglycemia, oxidative and hyperosmolar
stress were shown to initiate inflammatory signaling
pathways in RPE cells and neuroglia, closely related
to activation of the transcription factor NF-kB,
assembly of the NLRP3-inflammatory complex and
processing of IL-1p3 and pro IL-18 to mature forms
via secreted multiple inflammatory mediators and
chemoattractant molecules [6, 7].

With the accumulation of IL-1f and IL-18 in the
intercellular space — acting in paracrine and autocrine
manner can reduce the viability of RPE cells [1, 12],
promote development of a new round of inflammation
by stimulating intracellular proinflammatory signaling
pathways, production of chemokines (IL-8, MCP-1/
CCL-2) [2] and recruitment of immunocompetent
cells to the lesion.

However, numerous experimental studies are
currently carried out mainly on isolated RPE cells
or with varying quantitative and qualitative RPE
composition in combination with glial, myeloid and
lymphoid cell elements in vitro.

Itisimportantto considerthat all closelyinteracting
retinal cellular communities, the supplying blood
vessels, the choroids, as well as leukocytes migrating
to the inflammation focus are involved in the process
of fundus lesions in AMD along with RPEs.

Studying the patterns of local gene expression of
proinflammatory cytokinesinthe TCinexperimentally
simulated animal PPE atrophy is an important issue
because it may allow determining a role and place
of proinflammatory mediators in the pathological
process and help developing new treatment strategies
for severe degenerative retinal diseases in humans.

Purpose: to investigate the local mRNA expression
for the proinflammatory cytokines IL-1p, IL-18,
MCP-1/CCL2 in a model of RPE atrophy induced
after a single subretinal saline injection in rabbit expe-
riment.

Materials and methods

Modeling RPE atrophy and retinal degeneration

The international principles of the Helsinki
Declaration on the Humane Treatment of Animals,
the principles of humanity set out in the European
Community directive (86/609/EC) “Regulations on
the Handling of Test Animals” were complied in the
experimental studies. 23 male New Zealand albino
rabbits (age 2.5-3.0 months, weighted 2.0-2.5 kg)
were injected once with 0.01 ml of 0.9% sodium
chloride solution into the subretinal space below the
retina 1-1.5 mm downwards from the optic nerve
head to generate a subretinal bladder. To reduce a risk
of exudative-hemorrhagic intra- and postoperative
complications, animals were injected intramuscularly
with 0.3 ml of Zoletil 50 and 0.55 ml of 2% xylazine,
and 0.3 ml 0of0.4% dexamethasone, 0.5 ml of dicinone)
before surgery. The control group consisted of 5
somatically healthy rabbits without ocular pathology.

Specialized ophthalmological examinations

Optical coherence tomography (OCT), autofluo-
rescence (FAF) study using ™SD-OCT (Heidelberg
Engineering, Germany) were performed one week
before modeling RPE atrophy, in early period (from
2 days to 1 week) and late period (from 2-4 weeks
and later) after surgery by sacrificing anaesthetized
animals via air embolism method (Order of the
USSR Ministry of Education and Science No. 724 of
13.11.184).

RT-PCR method for determination of cytokine
expression levels in eye tissues of experimental
animals. Molecular biological studies were performed
in 53 TC samples isolated from enucleated eyes
of experimental and control rabbits according
to standard protocols. Biomaterial was placed in
cryovials and stored at -70°C until the study. Using
the NCBI GenBank electronic database and Primer-
BLAST, OligoCalc: Using the Oligonucleotide
Property  Calculator and BLAST  Standard
Nucleotide Software Package, the oligonucleotide
sequences for the genes presented below were
selected. 1L-1pB: For 5-aatctgtacctgtcctgegtg-3 ; Rev
5-ggttggggtctacactctcc-3 ; 1L-18: For 5-accagaagag-
gcttgeatca-3 ; Rev 5-tccaggttctcatcgttttcagt-3 ;
MCP1/CCL2: For 5-atgaaggtctctgcaacgct-3; Rev
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5-cccttggecagtttggtcat-3 ; GAPDH: For 5-gattgtca-
gcaacgcatcctg-3 ; Rev 5-ctccacaatgecgaagtggt-3 .

TC samples were homogenized for 90 s at
45,000 rpm (homogenizer for operation in micro-
volumes Silent Crusher S Heidolph, Germany).

Isolation of mRNA from tissue samples was
carried out using a sorbent-column method (RNeasy
Mini Kit, Qiagen, Germany) added with 1 ul RNase
inhibitor (RNase Inhibitor, Qiagen, Germany) and
DNasetreatment (DNase Max Kit, Qiagen, Germany)
according to the manufacturer’s instructions. The
amount of obtained mRNA was monitored using a
spectrophotometer at a 260 nm wavelength (Cytation
5 imaging reader (Biotek)).

cDNA synthesis was performed using the iScript
cDNA Synthesis Kit (Bio-Rad, USA): 9 ul of
Nuclease-free water, 4 ul 5 iScript Reaction Mix, 1 ul
of iScript Reverse Transcriptase, 5 ul mRNA and 1 ul
were mixed RNase Inhibitor (Qiagen). The reverse
transcription reaction was performed according to the
manufacturer’s protocol.

The resulting cDNA fragment was amplified
by RT-PCR in real time mode on a CFX96 Touch
thermal cycler (Bio-Rad, USA).

The composition of the reaction mixture: 9.4 pl
dist. water, 1.5 ul buffer, 0.5 ul dNTP, 1 ul cDNA,
0.3 ul SYBR Greenl [1: 25000] (Evrogen, Russia),
0.3 pl Taq polymerase (0.5 U/ul, Biosan, Latvia),
1 wl forward primer (F1), 1 ul reverse primer (R1).
Concentrations of primers of the studied and reference
genes: F1_IL-1p 1 uM (Mw 63.68 g/mol); R1_IL-1
1 uM (Mw 60.81 g/mol); F1 IL-18 1 uM (Mw
61.16 g/mol); R1_IL-18 1 uM (Mw 69.50 g/mol);
F1_CCL-2 1 uM (Mw 60.98 g/mol); R1_CCL-2
1 uM (Mw 60.56 g/mol); FI_GAPDH 1 uM (Mw
63.86 g/mol); R1_GAPDH 1 uM (Mw 60.83 g/mol).

The normalized AACt expression method was used
to determine the relative sample cDNA amount. The
results were expressed as relative units (relative units):
the ratio of the threshold cycle of amplification of
the studied gene to the value of the threshold cycle
of amplification of the reference gene GAPDH:
AACt= (ACt sample)/ (ACt GAPDH).

Statistical data processing

The data were analyzed by using the Statistica 6.0
software package (StatSoft Inc., USA). The normality
distribution was estimated by the Kolmogorov-
Smirnov method. In case the distribution of para-
meters differed from normal, nonparametric methods
of analysis were used. Mann-Whitney U-test was used
to determine the significant differences (p) in two
independent samples. The critical level of significance
for statistical hypothesis testing was taken as p < 0.05.

Results and discussion

Between 2 and 7 days after surgery, changes in the
rabbit fundus were determined as neurosensory reti-
nal detachment with hyporeflective content under-
neath, retinal tear with elevated edges according to

the cannula injection site, disorganization of retinal
layers, irregular hyperfluorescence was determined on
FAF indicating RPE lesion.

Reactive changes in the fundus (from 2 days to
1 week) were accompanied by significantly increased
TC IL-18 mRNA expression in experimental vs.
control group lacking eye damage: the mean value was
23.35%5.43 rel. units (Figure 1).

Analysis of the early tissue response revealed no
changes in IL-1 mRNA expression that was com-
parable to that in the control group.

It is known that IL-1pB, in addition to enabling
specific protective immunological mechanisms, acts
as one of the main mediators of rapid response in
development of nonspecific defense such as mounting
local inflammatory response to damaging and patho-
genic agents.

it might seem paradoxically, that the lack of chan-
ges in IL-1B gene mRNA expression in MCs in all
animals with early reactive response noted in our
study is consistent with the data obtained by N.M.
Luyeshi et al. thoroughly investigating kinetics of the
proinflammatory response in an mouse ischaemia/
reperfusion brain injury model showing that IL-1o
mRNA, but not IL-1f3, was expressed by microglial
cells in the early postischemic period: increased
expression of the latter was observed at later stages [8].

The early post-operative period was also trended
to increased local expression of MCP-1/CCL-1 gene
mRNA: special attention was paid to its wide range
of upward shifts relative to normal: from a slight/
moderate increase (0.05 rel. units) to a hyperreactive
response — a 4000-fold increase in expression com-
pared to healthy eye tissue (Figure 1).

2-4 weeks after surgery, specialized ophthalmic
examinations identified a circular light focus on the
infra-red image; in this area, thinning of the outer
retinal layers, hyperreflectivity of the choroid due
to increased laser beam penetration beneath the
retina, occurring in the absence of RPE with its high
reflectivity was noted on the OCT. Thinning of the
RPE and the choroid was identified in the lesion area.
Autofluorescence examination identified an area of
hypofluorescence corresponding to the atrophy zone,
with irregular dissections of hyperfluorescent foci in
the periphery.

In the late periods after induction of atrophy (from
2-4 weeks to 2 months), the parameters of the relative
mRNA expression for IL-13, IL-18, and MCP/CCL2
in MC exceeded the upper normal limit; at the same
time, IL-1p mRNA was significantly increased (up to
hyper-response) compared to that found in the early
(reactive) postoperative period, while maintaining an
enhanced CCL2 response and slightly lowered I1L-18
mRNA expression (Figure 1).

A feature of the tissue response in the late stages
after surgery — with established atrophy was described
as multidirectional changes in the expression of all
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cytokine mRNA genes studied in MC in a wide range
relative to the norm.

An individual analysis of the IL-13 and IL-18 genes
mRNA showed that overexpression was observed in
approximately the same frequency of cases: in 29.4%
(on average, up to 2624 rel. units) and 23.5% (on
average, 59 rel.units); changes in expression within
the normal range were found in 35.3% of animals (on
average, 1.29 rel. units — IL-1f3 and 1.59 rel. units —
1L-18); hypo-response and lack of expression were
detected in 35.3% and 41.2% of cases, respectively. It
should be noted that at later stages with established
stable atrophy (from 2-4 weeks and later, up to 2
months), the level of local MCP-1/CCL2 mRNA
expression also varied: hyper-response was noted in
17.6% of cases (in on average, up to 597.2 rel. units);
moderately increased expression was determined in
more than half of the animals in the experimental
group; normal reaction and lack of expression (from
0.0t0 0.014 rel. units) were detected in 29.4% of cases.

Conclusion

1. A single subretinal injection of 0.01 ml of
0.9% sodium chloride solution, which induced RPE
atrophy in experimental rabbits was found to be
associated with multidirectional changes in IL-18,
1L-18, MCP-1/CCL2 mRNA gene expression rela-
tive to normal.

2.  Three types of response in the TC of the
choroid / RPE /retina, formed during the development
of atrophic changes and determined by the magnitude
of local cytokine expression were identified:

— lack of expression — lack of response/hypo-
reactivity;

— normal/moderately increased response;

—  overexpression — hyperreactivity.

It is possible that certain types of responses,
characterized by the magnitude ofthe proinflammatory
cytokine expression are genetically determined being
associated with polymorphisms in the IL-1p, IL-18,
MCP-1/CCL2 genes; however, this assumption
requires further target research.

3. No relationship was found between the
strength of the response (the magnitude of local
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Figure 1. Level of mRNA expression of the genes IL-15,
IL-18, CCL2 / MCP-1 (using a logarithmic scale on the
ordinate) in MCs of healthy rabbits (control), at early

(7 days) and distant (from 14 days and later) terms after the
single subretinal injection of physiological sodium chloride
solution in the experiment)

Note. *, the significance of the difference in relative expression in the
early response (with reactive changes in the fundus) compared to

the control (p < 0.05); **, the significance of the difference in relative
expression in the RPE atrophy group compared to the group of early
(reactive) changes (p< 0.05); ® — a tendency to differ in the group of
early (reactive) changes compared to the control (p < 0.06).

mRNA expression) to atrophy-inducing stimulus and
the size of atrophic retinal lesion.

The circumstances noted above as well as the
data that RPE induction of atrophy in one-third of
animals was accompanied by significantly increased
IL-18 mRNA expression and, in 69.6% increased
local MCP-1/CCL2 mRNA expression, the factors
damaging haematoretinal barrier and contributing
to the immune privilege disorder in the eye posterior
segment , should be taken into consideration while
developing new strategies of ophthalmic pathology
treatment, particularly extensively studied and tes-
ted options for RPE stem cell transplantation into
subretinal space.
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