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ABSTRACT

The aim. To assess the dynamics of cytokine content in tear fluid of primary open-
angle glaucoma (POAG) patients at various terms after non-penetrating deep scle-
rectomy (NPDS) in relation to the functional state of the outflow tracts.

Material and methods. We carried out prospective examination of 65 patients
with advanced stage of primary open-angle glaucoma after NPDS. Depending
on the course of the postoperative period and the conditions for achieving the hy-
potensive effect of NPDS, all patients were divided into three groups: group 1 -
with the optimal hypotensive effect; group 2 — with the conditional hypotensive
effect; group 3 — with no hypotensive effect after NPDS. The intraocular pressure
and the concentration of TGF-3, MMP-9, IL-6, IL-8, VEGF-A (121 and 165) in the tear
fluid were studied using ELISA method in pre- and postoperative period. We studied
the outflow tracts using optical coherence tomography and carried out ultrastructural
analysis of filtering blebs tissue.

Results. In group 1, the minimum initial concentrations of IL-6, IL-8 and TGF-[3
in the tear fluid and their moderate increase in the postoperative period; high
concentrations of MMP-9 at all stages and an increase in VEGF-A by 2 months after
NPDS were registered. In group 2, there was a high level of VEGF-A in the tear fluid
before and 2 months after NPDS, an increase in TGF-£3, IL-6 and IL-8 in the tear fluid
in the early period with their suppression in the late period, as well as an increase
in MMP-9 in the early postoperative period. Group 3 had maximum concentrations
of TGF-B and IL-8 in the tear fluid initially and in the early postoperative period, sup-
pression of MMP-9 in the tear fluid 2 weeks after and of VEGF-A 2 months after NPDS.
Conclusion. Initially high concentrations of IL-6, IL-8, and TGF-f in the tear fluid
and the suppression of MMP-9 and VEGF-A in the postoperative period contribute
to the surgical failure of the NPDS.

Keywords: non-penetrating deep sclerectomy, transforming growth factor 3, TGF-,
matrix metalloproteinase 9, MMP-9, interleukin 6, IL-6, interleukin 8, IL-8, VEGF-A (121
and 165), cytokines in the tear fluid, extracellular matrix
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PE3IOME

Lene pabomesl. OyeHumb OUHAMUKY COOePXAHUsA YUMOKUHO8 8 cj1e3e y nayu-
eHMos8 ¢ nep8uYHoOU omkpeimoyzosbHol enaykomod (MOYl) e paznuyHele cpoKu
nocse HenpoHukatoueli 271y60kou cknepakmomuu (HIC3) 8o 83aumocsasu ¢ yHk-
YUOHA/IbHbIM COCMOAHUEM nymeli Ommoka.

Mamepuansi u memoosbl. [pogedeHo npocnekmusHoe obciedosaHue 65 nayu-
eHmoe ¢ paszsumot cmaoueu NOYI nocne HIC3. B 3asucumocmu om meyeHus
nocsieonepayuoHHO20 Nepuodd u yco8uli 00CMUXeHUs 2uNOMeH3UBHO20 3¢gek-
ma HI'C3 ece nayueHmesl pazoesieHsl HA Mpu 2pynnei: 2pynna 1 — c onmumasnbHbIM
2unomeH3usHeIM 3¢pcpekmom HIC3; epynna 2 — ¢ yC/108HbIM 2UNOMEH3UBHbLIM
3¢pgpekmom HIC3; 2pynna 3 — c omcymcmauem 2unomeH3u8Ho20 3¢hghekma nocsie
HIC3. Mposodusocsk ucciedosaHue 8BHymMpuzaasHo20 0assieHus U KOHyeHmpayud
TGF-B, MMP-9, WJ1-6, WNJ1-8, VEGF-A (121 u 165) 8 cie3e Memodom umMmyHogep-
MeHMHO020 aHAs1u3a 8 00- U NOC/IE0NePAayUOHHOM nepuode, d MAakxe onmuyeckas
Ko2epeHMHas momozpacgusa nymeti Ommoka u yabmpacmpykmypHsil aHaau3
MKaHU pubMpayuoHHbIX NOOYWIEK.

Pesynemamel. Bezpynne 1 onpedesieHsbl MUHUMAsTbHbIE UCXOOHbIE KOHUEHMpayuu
WJ1-6, NJ1-8 u TGF-3 cnesbl u ux ymepeHHOe nosbiueHue 8 NOC/1eonepayuoOHHOM
nepuode; sbicokue KoHyeHmpayuu MMP-9 Ha ecex smanax u Hapacmarue VEGF-A
Ko 2-my mecayy nocse HIC3. B 2pynne2 ommeyeH 8bicokull yposeHb VEGF-A crie3ol
neped u yepes 2 mecaya nocne HIC3; HapacmaHue TGF-3, UJ1-6 u UJ1-8 cne3wi
8 paHHeM nepuode ¢ nooassieHuUeM 8 N030HeM, d makxe nosbiweHue MMP-9 8 par-
Hem nocseonepayuoHHOM nepuode. [1ns 2pynnel 3 xapakmepHbl MAKCUMAslbHble
KoHUyeHmpauuu TGF-3 u WJ1-8 ciie3bl UCXOOHO U 8 pAHHEM NOC/1eoNepayuoHHOM
nepuode, nooasneHue MMP-9 cne3wl yepes 2 Hedenu u VEGF-A yepes 2 mecaua
nocne HICA.

Bb1800bI. VIcx00HO 8bicoKUe KoHueHmpayuu WJi-6, NJ1-8, TGF-[3 8 ciiese u noda-
sneHue MMP-9 u VEGF-A 8 nocieonepayuoHHOM nepuode cnocobcmayrom xupyp-
2uqeckomy Heycnexy HIC3.

Knioyeeole criosa: HenpoHUKaowds 2iy60Kas CKiepakmomus, mpaHcghopmupy-
towuti pakmop pocma B, TGF-B, mampukcHas memasnnonpomeuxasa 9, MMP-9,
uHmepnelKkuH 6, NJ1-6, uimepnelikuH 8, UJ1-8, VEGF-A (121 u 165), yumoKuHsbl
8 C/IE3HOU XUOKOCMU, BHEK/IeMOYHbIU MAMPUKC

Ona yntuposanma: Manbiwesa 0.B., IOpbeBa T.H., Bonkosa H.B., Kypcakosa 10.B.,
KonecHukos C.W. NMpocneKkTrBHasA oLeHKa KOHLEHTPALUN LLMTOKUHOB 1 PEerynaTOpPHbIX
6enKoB B CNE3HON XKNOKOCTU NaLMEHTOB C OTKPbITOYrONbHON rayKOMOW C Pa3finyHbIM
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RELEVANCE

In the step-by-step algorithm of primary open-an-
gle glaucoma (POAG) treatment, glaucoma surgery per-
formed to normalize intraocular pressure (IOP) is consid-
ered as a step following hypotensive drug therapy in case
of its ineffectiveness.

At the same time, the main disadvantage of filtering
and fistulizing surgeries is excessive scarring in the area
of surgical site, which disrupts the outflow of intraocu-
lar fluid (IOF) through the newly created pathways. This
process is stimulated by pro-fibrogenic and pro-inflam-
matory regulatory proteins [1]. Abnormalities in the com-
position of the anterior chamber aqueous humor of glau-
coma patients, in particular an increase in active forms
of transforming growth factor 3 (TGF-B), as well as tumor
necrosis factor a (TNF-a), interleukins (ILs) 6 and 8, con-
tribute to fibrogenesis [2, 3]. It is known that a decrease
in the activity of matrix metalloproteinases (MMPs) leads
to impaired degradation of extracellular matrix (ECM)
components [4].

In addition to factors in the anterior chamber aqueous
humor, wound processes in the glaucoma surgery region
are influenced by regulatory proteins (RPs) and cytokines
expressed by conjunctival tissue cells in response to surgi-
cal trauma [5]. In addition, subclinical conjunctival inflam-
mation, which is often due to long-term use of some an-
tiglaucoma drugs, is also accompanied by monocyte/mac-
rophage tissue infiltration and expression of growth fac-
tors and pro-inflammatory cytokines, predisposing to ear-
ly filtering bleb (FB) scarring [6, 71.

A number of studies, including the data we obtained
and published earlier [8], revealed a correlation between
effective IOP reduction after trabeculectomy and non-
penetrating deep sclerectomy (NPDS) and the state
of the conjunctival lymphatic system. It is assumed,
given the data presented, that the negative impact
on the outcome of antiglaucoma interventions is caused
not only by the initial imbalance of regulatory proteins,
but also by the use of antimetabolites during surgery
and in the postoperative period that inhibit the growth
of both connective tissue and conjunctival lymphatic ves-
sels involved in the outflow of intraocular fluid from FB.
Thus, the study by R.A. Bouhenni et al. showed that af-
ter intraoperative application of mitomycin Cin filtering
blebs, a decrease in the density of lymphatic and blood
vessels was indicated [9].

Thus, it is relevant in the study of the formation of in-
traocular fluid outflow pathways after glaucoma surgeries
to determine the role of cytokines and regulatory proteins
in the structural transformation of the extracellular matrix
of filtering blebs and the formation of conjunctival lym-
phatic vessels.

THE AIM OF THE WORK

To assess the dynamics of cytokines and regulatory pro-
teins content in tear fluid of patients with primary open-
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angle glaucoma after non-penetrating deep sclerectomy
at different stages of the postoperative period in correla-
tion with the functional state of the newly created outflow
pathways.

MATERIALS AND METHODS

A prospective examination of 65 patients aged
50to 70 years (mean age 63.6 + 4.8 years) with advanced
stage POAG and decompensated intraocular pressure
(IOP) who underwent NPDS and laser descemetopunc-
ture 14-18 days after the surgery. All operations were per-
formed by the same surgeon and were comparable
in terms of intervention volume. Depending on the course
of the postoperative period and conditions for achiev-
ing hypotensive effect of NPDS, all patients 12 months
after surgery were divided into three groups: with opti-
mal hypotensive effect of NPDS (group 1), with condition-
al hypotensive effect of NPDS (group 2), and with no hy-
potensive effect of NPDS (group 3).

Group Tincluded 21 POAG patients (age - 65.4
(53.1; 67.3) years) with IOPg < 16 mmHg; according
to optical coherence tomography (OCT) the outflow
pathways are functional; FBs are diffuse, according
to OCT their content is represented by sparse, hypor-
reflective extracellular matrix [10]. Based on the results
of ultrastructural immunohistochemical examination
of tissue samples of functional FPs (n = 4), 5 to 7 lym-
phatic vessels with steady podoplanin expression
were indicated [8]. The postoperative period among
group 1 patients was areactive. The patients received
standard instillation antibacterial and anti-inflamma-
tory therapy (levofloxacin 0.5 %, dexamethasone 0.1 %
and nepafenac 0.1 % in a decreasing order).

Group 2 included 23 patients (age - 63.7 (55.2; 66.8)
years) with IOPg < 16 mmHg; according to OCT data,
in the early postoperative period the substrate of FBs
was sparse ECM with loci of rigid matrix, which in some
cases was accompanied by transient IOP elevation. In-
creased inflammatory reaction of the conjunctiva 2 weeks
after surgery was an indication for additional anti-inflam-
matory and antifibrotic therapy, the detailed description
of which is presented below. In the late and delayed post-
operative periods in this group a qualified hypotensive
effect was achieved. Functional postoperative IOF out-
flow pathways were formed. According to OCT data, fil-
tration blebs were visualized as widespread hyporeflec-
tive subconjunctival structures with sparse ECM.

Group 3 included 21 patients (age - 64.3 (52.2; 67.1)
years) with IOPg > 16 mmHg; according to OCT data,
changes in the newly created outflow tracts already
in the early postoperative period were characterized
by the presence of predominantly hyperreflective, rigid
ECM. The results of ultrastructural immunohistochemical
examination of the tissue of non-functional filtering blebs
(n = 8) established the absence of fully developed lym-
phatic vessels among the studied samples [8]. The post-
operative period was characterized by a severe inflam-



matory reaction of the conjunctiva and subconjunctival
structures. Despite additional treatment, the hypotensive
effect of NPDS was not achieved in this group.

Patients of groups 2 and 3 received a comparable
amount of additional anti-inflammatory and cytostatic
therapy during the postoperative period, which includ-
ed subconjunctival injections of corticosteroids and anti-
metabolites (No. 5), as well as microinvasive needling re-
visions of the filtering bleb (No. 3) within 2 to 6 weeks af-
ter NPDS [11-13].

All studies and manipulations were conducted in com-
pliance with the principles of the World Medical Associa-
tion Declaration of Helsinki on Ethical Principles for Med-
ical Research Involving Human Subjects.

Patients with POAG were examined before surgi-
cal treatment and 2 weeks (early postoperative period),
2 months (late postoperative period), and 12 months
(delayed postoperative period) after surgery. The IOP
level was determined (ORA, ORA Reichert, USA), the de-
gree of ocular inflammatory reaction was assessed by bi-
omicroscopy, and the state of newly created IOF outflow
pathways and reflectivity of extracellular matrix of filtra-
tion blebs were determined by OCT (Anterior Segment
OCT CASIA2, Tomey, Germany). Patients were divided
into 3 groups based on these data. The group with op-
timal hypotensive effect of NPDS included patients
with IOPg < 16 mmHg during the delayed postopera-
tive period without local hypotensive therapy, with func-
tional postoperative I0P outflow pathways according
to biomicroscopy and OCT/ultrasound biomicroscopy
(UBM), as well as with areactive early postoperative pe-
riod and no indications for additional anti-inflammatory
and antifibrotic therapy.

The criteria of conditional hypotensive effect of NPDS
were achievement of IOPg < 16 mmHg in 12 months with-
out local hypotensive therapy with functional outflow
pathways according to biomicroscopy and OCT/UBM data,
but the hypotensive effect of NPDS was obtained after ad-
ditional anti-inflammatory and antifibrotic therapy during
the early postoperative period.

The criteria for the absence of hypotensive effect
of NPDS were as follows: IOPg > 16 mmHg; non-func-
tional or partially functional newly created outflow
pathways according to biomicroscopy and OCT/UBM
data, despite additional anti-inflammatory and antifi-
brotic therapy.

Moreover, ultrastructural examination of filtering
bleb tissue samples that were obtained during repeat-
ed surgical interventions was performed in 12 cases 12—
18 months after NPDS. In 8 cases samples of non-func-
tional scar-altered blebs were examined: in 4 cases frag-
ments of functional, leaking filtering blebs were excised
due to their significant displacement on the cornea
and visual discomfort of the patients. Immunohisto-
chemical staining for DNA expression of cell nuclei (DAPI)
and podoplanin, a marker of lymphatic vessel endotheli-
um, was performed with ultrastructural study of the ob-
tained drugs using laser confocal microscope LSM 710
(Carl Zeiss AG, Germany).
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The concentration of TGF-3, MMP-9, IL-6, IL-8 and vas-
cular endothelial growth factor A (VEGF-A) (121 and 165)
was determined in the tear fluid by ELISA using Human
TGF-B, Human MMP-9 ELISA, IL-6-ELISA-Best, IL-8-ELISA-
Best and VEGF-ELISA-Best kits (Vector-Best, Novosibirsk).
Tear fluid from patients with POAG in the amount of 100 pl
was collected capillary method from the lower conjunctival
arch 4-6 hours before glaucoma surgery, as well as 2 weeks
later (before laser descemetopuncture) and 2 months af-
ter NPDS.

Patients were included in the study on a voluntary ba-
sis, in accordance with the provisions of the World Med-
ical Association Declaration of Helsinki (1964, rev. 2013).
The study was approved by the decision of the Biomed-
ical Ethics Committee of the Scientific Centre for Family
Health and Human Reproduction Problems.

Statistical processing of the results of the clinical
study was carried out using non-parametric statistics
methods with calculation of the Mann-Whitney test.
The obtained indicators were considered statistically sig-
nificant with a significance level of p < 0.05. The medi-
an (Me) and interquartile range (25th-75th percentiles)
were calculated to characterize the scattering in the sam-
ple. Taking into account significant deviation in the con-
centration of the investigated regulatory proteins and cy-
tokines, line graphs of several variables were constructed
in Statistica (StatSoft Inc., USA), which allowed us to vis-
ualize the dynamics of their content in the tear fluid
in the pre- and postoperative period.

RESULTS

Group 1 patients were characterized by minimal
(among the comparison groups) initial concentrations
of TGF-B in tears and moderate values of this factor
2 weeks and 2 months (in 62 % of cases) after NPDS. How-
ever, in 38 % of the cases after 2 months there was a com-
plete suppression of TGF-f3 tear, probably due to the res-
olution of postoperative inflammation (Table 1, Fig. 1).
Moreover, high concentrations of MMP-9, increase
of VEGF-A by the 2nd month after HPDS, as well as min-
imal (among the comparison groups) concentrations
of proinflammatory IL-6 and IL-8 in the early postopera-
tive period and their suppression in the late postoperative
period were revealed in group 1 at all stages of the pre-
and postoperative period.

Group 2 patients were characterized by extreme-
ly high baseline tear VEGF-A level and its peak increase
by the 2nd month of the postoperative period. The in-
itial concentrations of TGF-3, IL-6 and IL-8 in tears ex-
ceeded the values of group 1, and in the early postoper-
ative period they increased by 1.5-2 times; this was ac-
companied by anincrease in the inflammatory reaction
of the conjunctiva 2 weeks after NPDS and was an in-
dication for additional anti-inflammatory and antifi-
brotic therapy. After 2 months, there was suppression
of these factors. Also, patients with conditional hypo-
tensive effect of NPDS were characterized by a signifi-



TABLE 1

REGULATORY PROTEINS CONCENTRATION IN THE TEAR FLUID OF POAG PATIENTS AT VARIOUS STAGES
OF THE PERIOPERATIVE PERIOD

Indicators

MMP-9 (baseline), ng/ml

MMP-9 (2 weeks), ng/ ml

MMP-9 (2 months), ng/ ml

TGF-B (baseline), pg/ml

TGF-B (2 weeks), pg/ml

TGF-( (2 months), pg/ml

VEGF-A (baseline), pg/ml

VEGF-A (2 weeks), pg/ml

VEGF-A (2 months), pg/ml

IL-6 (baseline), pg/ml

IL-6 (2 weeks), pg/ml

IL-6 (2 months), pg/ml

IL-8 (baseline), pg/ml

IL-8 (2 weeks), pg/ml

IL-8 (2 months), pg/ml

Group 1, Me (IQR)

16.1 (6.3-36.3)

112.0 (96.5-142.1)

25.1(11.1-57.4)

9.1 (0.0-22.0)

294.6 (189-324.8)

153 (0-256.0)

504.0 (452.0-572.0)

703.0 (370.0-847.0)

709.0 (622.0-1180.0)

23.10(21.3-25.0)

55.4 (50.4-72.3)

16.2 (11.0-20.6)

182.0 (158.3-225.1)

607.2 (537.0-690.0)

112.0 (82.0-171.0)

Group 1, Me (IQR)

15.2(0.4-28.2)

63.0 (18.5-102.4)

4.2 (2.04-6.1)

36.7 (0.0-96.0)

150.4 (104.6-177.6)

34.4 (0-130.2)

1018.0 (856.0-1409.0)

604.0 (452.0-705.0)

1015.0 (826.0-1137.0)

32.7 (29.3-34.9)

41.6 (39.6-44.2)

17.8 (15.9-19.0)

211.6 (181.4-253.4)

710.4 (607.0-822.6)

84.5 (49.5-118.3)
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Group 1, Me (IQR)

14.4 (3.18-25.8)

1.7 (0.16-2.2)

3.6 (0.9-5.9)

107.7 (15.7-142.4)

590.6 (311.2-669.0)

11.7 (0-47.7)

617.0 (503.0-709.0)

780.0 (624.0-815.0)

439.0 (390.0-437.0)

32.3(30.0-34.4)

36.8 (22.1-40.1)

25.2(19.3-64.4)

461.0 (337.2-649.2)

919.2 (747.8-1131.0)

164.2 (110.9-224.6)

p
(Mann - Whitney test)

p,_,>0.05
p,_>0.05
p, > 0.05

p, ,=0.001
p, 5= 0.001
p, 5 =0.001

p;_,=0.001
p;_3=0.001
p,.5>0.05

p,_,>0.05
p,_;=0.003
p,_;=0.02

p, ,=0.001
p, ,=0.004
p, ,=0.001

p,_,>0.05
p, ,=003
p,.,>0.05

p,_,=0.001
p,_>0.05
p, 5=0.001

p,_,>0.05
p,_5>0.05
p,_; =0.001

p,_,=0.04
p,_3=0.001
p,_;=0.001

p, ,=0.001
p, 5 =0.001
p,_s>0.05

p,_,=0.001
p, 5 =0.001
p, ,=0.003

p,_,>0.05
p,_,=0.001
p, 5 =0.001

p,_,>0.05
p,_5=0.001
p, 5=0.001

p,_,>0.05
p,_; =0.001
p,_; =0.006

p,,=0.02
p,_5=0.04
p,_;=0.001



800

Group 1

Group 1 TGF

Line Plot of multiple variables

TGF gr. 1 1p 22v*4c

ACTA BIOMEDICA SCIENTIFICA, 2023, Vol. 8, N2

Group

Group 2 TGF

2

Line Plot of multiple variables

TGF gr. 2 Tp 24v¥4c

Group

Group 3 TGF

3

Line Plot of multiple variables

TGF gr. 31p 22v*4c

400 800
1,000000
2,000000
700 o000 350 Sooooo 1% 1,000000
2,000000 4,000000 2,000000
600 3000000 300 5000000 600 3,000000
g,gggggg 6,000000 4,000000
! 7,000000 5,000000
500 goooooo 20 gooooon 0 6,000000
7,000000 9,000000 7,000000
TGF- B 400 8000000 200 10000000 400 8,000000
9,000000 11,000000 9,000000
300 10000000 150 12,000000 300 10,000000
1%000200 13,000000 11,000000
12,000000 14,000000 12,000000
200 13000000 100 15000000 200 13,000000
14,000000 16,000000 14,000000
100 15,000000 50 17,000000 100 15,000000
16,000000 18,000000 16,000000
0 17,000000 19,000000 17,000000
18,000000 0 20,000000 0 18,000000
;g‘gggg% 21,000000 19,000000
-100 . -50 22,000000 - 20,000000
TGF bl TGF2w. TGF2m. 21,000000 TGF bl TGF2w. TGF2m. 23,000000 10 TGF bl TGF 2w. TGF2m. 21,000000
Line Plot of multiple variables Line Plot of multiple variables Line Plot of multiple variables
MMP gr. 1 7p 22v*4c MMP gr. 2 Tp 24v*4c MMP gr. 3 Tp 22v*4c
200 140 gr-2m 0 gr.31p
180 1,000000
120 2000000 0
160 ;,gggggg 3000000 1,000000
X 4000000 30 2,000000
140 3,000000 100 5000000 3,000000
4,000000 6000000 oo 4,000000
120 5,000000 8 7,000000 5,000000
6,000000 8,000000 6,000000
100 7,000000 9000000 20 7,000000
MMP-9 8,000000 60 10,000000 8,000000
80 9,000000 11,000000 9,000000
10,000000 12,000000 15 10,000000
6 1000000 4 13,000000 11,000000
12,000000 14000000 1o 12,000000
2 13,000000 15,000000 13,000000
14000000 o 16,000000 14,000000
» 15,000000 17,000000 5 15,000000
16,000000 18,000000 16,000000
17,000000 0 19,0000 o 17,000000
0 18,000000 20,000000 18,000000
19,000000 21,000000 19,000000
-20 wipobl M 20000000 0 22000000 5 20,000000
- MP-92w.  MMP-92m. 21,000000 MMP-9b/  MMP-92w. MMP-92m 23,000000 MMP-9bl  MMP-92w. MMP-92m. 21,000000
Line IPLIDE; glr n;ul:ip;ez ‘\,/‘a:;\cahles Line ﬁ-lusl ;ﬁ mzuTlgpz\i ‘\I/‘aar(i:ables Line P‘Dsl of msumpz‘z vasriables
o gr. o g IL-8 gr. 3 Tp 22v*3c
1400 1000000 1400 1800 o=
2,000000 1600
1200 3,000000 000000
o i £
5000000 ! 3
1000 oo 1000 000000 1400 000000
d 000000 1000000
7,000000 000000 1200 ,000000
800 8000000 ggo 000000 000000
9,000000 000000 000000
I L_ 8 10,000000 0000 1000 1000000
600 11,000000 600 0,000000 000000
12,000000 15000000 800 17500005
200 13,000000 400 3,000000 2,000000
14,000000 4000000 600 3,000000
15,000000 2000000 000000
200 16,000000 200 7000000 400 5000000
17,000000 8000000 6000000
0 0 3000000 200 & o0
2000000 1 00000 500000
-200 21,000000 -200 %;888%8 1,000000
IL-8 b/l IL-82w. IL-82m. IL-8 b/l IL-82w. IL-82m. IL-8 b/l IL-82w. IL-82m.
Line Plot of multiple variables Line Plot of multiple variables Line Plot of multiple variables
IL-6 gr. 1 Tp 22v*3c IL-6 gr. 2 Tp 24v*3c IL-6 gr. 3 Tp 24v*3c
20 gt 50 21 1000000 120 g3
2,000000
20 1o o
2,000000 40 5000000 100 000000
200 3,00000( 5.000000 ,000000
4,00000( 2000000 000000
180 5,00000( b 000000
160 6,000000 30 8‘8%883 80 888883
140 L op0000 10,000000 000000
||_-6 9000000 11,000000 000000
120 10,000000 20 12,000000 60 000000
100 11,000000 13,000000 0,000000
12000000 14,000000 1000000
80 X y 2,000000
13,000000 15,000000
1 16000000 4 3000000
60 14,000000 ! 4,000000
15,000000 17,000000 5/000000
40 16,000000 18,000000 6,000000
20 17,000000 19,000000 20 7,000000
18,000000 20,000000 8,000000
: s L
-20 21000000 ~10 B © 1,000000
IL-6 bl 1L-62w. IL-6.2m. 1L-6 bl IL-6 2w IL-62m. ! IL-6 bl IL-62w. IL-62m.
Line Plot of multiple variables Line Plot of multiple variables Line Plot of multiple variables
VEGF gr. 1 Tp 22v*3¢ VEGF gr. 2 1p 24v*3c VEGF gr. 3 1p 22v*3c
1800 i 1800 1100 o=
000
1600 1,000000 1600 000000 1000 1,000000
s i e
1400 4,000000 1400 00001 900 4,000000
g‘%gggg 0000 a0 5000000
1200 000000 1200 0000 300000
8,000000 0000 700 8,000000
VEGFA S000000 1009 200000 5000000
10,000000 000 500 10,000000
11,000000 000! 11,000000
800 12,000000  g0g 000 12,000000
e o o e
600 15000000 ~ 600 000 400 15,000000
it b i
oo . o
! X 19,
200 20000000 09 1000000 200 20,000000
VEGF bil VEGF2w.  VEGF2m. 21,000000 VEGF bil VEGF2w.  VEGF2m. ! VEGF bl VEGF2w.  VEGFbi2m. 21,000000
FIG. 1.

Linear graphs of changes in the cytokines and regulatory proteins concentration in the tear fluid at different follow-up periods in POAG pa-
tients of three clinical groups
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cant increase in tear MMP-9 concentration in the early
postoperative period (see Table 1, Fig. 1).

In group 3, tear TGF-B and IL-8 concentra-
tions were maximal both before surgical treatment
and in the early postoperative period. The principal dif-
ference between groups 1 and 2 was the decrease in tear
MMP-9 2 weeks after NPDS. In addition, these patients
maintained high IL-6 concentrations and had signifi-
cant suppression of VEGF-A tears during the late post-
operative period.

DISCUSSION

Wound healing is a complex dynamic process
that is under constant biochemical control of regula-
tory molecules that provide specific interactions be-
tween cells and components of the extracellular ma-
trix, leading to the restoration of the structural integrity
of the tissue. As it was shown earlier [10, 14], function-
al FB after NPDS is a hypocellular subconjunctival struc-
ture in the form of a sparse ECM with fully developed
lymphatic vessels, which allows effective outflow of in-
traocular fluid through the postoperative outflow path-
ways and determines the persistent hypotensive effect
of glaucoma surgery.

The factors predisposing to the formation of op-
timal hypotensive effect of NPDS are: low initial con-
centrations of proinflammatory cytokines and regula-
tory proteins, in particular IL-6, IL-8, TGF-f3, which de-
termines minimal inflammatory reaction of the con-
junctiva in the early postoperative period; high lev-
els of MMP-9, responsible for timely degradation
of the components of the temporary ECM at all stag-
es of the postoperative period, as well as an increase
in VEGF-A by the 2nd month after NPDS, which ensures
conjunctival lymphangiogenesis.

The significant increase of MMP-9 during the ear-
ly postoperative period and the peak increase of tear
VEGF-A level in the late postoperative period in group 2
may have also contributed to the formation of func-
tional pathways of intraocular fluid outflow, despite
the significant inflammatory reaction from the con-
junctiva 2 weeks after NPDS. Moreover, the obtained
data allowed to establish biological markers of the ef-
fectiveness of additional therapeutic measures aimed
at controlling the inflammatory reaction and excessive
scarring processes in the area of surgical intervention.
These are IL-6 and IL-8, as well as TGF-3, suppression
of which by the 2nd month of the postoperative peri-
od determined the formation of a sufficient (condition-
al) hypotensive effect of NPDS.

The failure of surgery in group 3 was due to the high-
estinitial level of factors with proinflammatory and profi-
brogenic activity, increased expression of IL-6, IL-8
and TGF-B in tears in the early postoperative period
against the background of a significant decrease in MMP-
9, as well as the persistence of high concentrations of IL-6
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and suppression of VEGF-A 2 months after NPDS. This de-
termined a severe ocular inflammatory reaction to surgi-
cal trauma and its chronization during the delayed post-
operative period, active fibrogenesis, impaired degrada-
tion of components of the temporary ECM and absence
of conjunctival lymphangiogenesis.

CONCLUSIONS

Thus, in the course of this study it was proved
that the important conditions for the formation of func-
tional pathways of IOF outflow after NPDS are the preser-
vation of the balance between cytokines and regulatory
proteins with proinflammatory and profibrogenic proper-
ties, and the factors that ensure timely degradation of tem-
porary ECM components and activation of conjunctival
lymphangiogenesis.

Initially high concentrations of IL-6, IL-8 and TGF-f3
in tear, suppression of MMP-9 and VEGF-A as a result of ac-
tive and most likely excessive anti-inflammatory and cyto-
static therapy in some cases contribute to the surgical fail-
ure of glaucoma surgery, as they lead to impaired structur-
al reorganization of the temporary ECM and conjunctival
lymphangiogenesis designed to ensure steady intraocular
fluid outflow from the filtering blebs.
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