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Features of the level of matrix metalloproteinase-2, -3, -9 and tissue
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ABSTRACT

Aim. To study the content of matrix metalloproteinase (MMP)-2, -3, -9 and tissue inhibitors of metalloproteinases
(TIMPs) -1, -2, -3, -4 in the aqueous humor of patients with moderate primary open-angle glaucoma (POAG).

Materials and methods. The experimental group included 47 patients with verified moderate primary open-angle
glaucoma. The control group consisted of 26 patients with uncomplicated cataract. The levels of MMP-2, -3, -9
were determined with Luminex Performance Human MMP Magnetic Panel 3-plex kit (R&D Systems, USA), the
concentration of TIMPs-1, -2, -3, - 4 was determined with the Human TIMP Magnetic Luminex Performance Assay
4-plex kit (R&D Systems, USA). The study was carried out using flow-through field fluorometry on a Bio-Plex 200
double-beam laser analyzer (Bio-Rad, USA).

Results. The study showed a statistically significant increase in the levels of matrix metalloproteinase-2 and
tissue inhibitors of matrix metalloproteinases-1, -2, -3, -4 in the aqueous humor of patients with moderate POAG
compared with patients with uncomplicated cataract.

Conclusion. The obtained data on high concentrations and imbalance in the levels of matrix metalloproteinases and
their tissue inhibitors in the aqueous humor of patients with moderate POAG confirm the role of local inflammation,
as well as impairments in the structure of the extracellular matrix and its remodeling in the mechanisms of
development of this pathology.

Key words: primary open-angle glaucoma, pathogenesis, matrix metalloproteinases, tissue inhibitors of matrix
metalloproteinases, aqueous humor.
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PE3IOME

Leab — M3y4nuTh COAepkaHHe MATPHKCHBIX Metamionporenras (MMP) 2, 3, 9 u TKkaHEBBIX HHTHOMTOPOB Ma-
TpUKCHBIX MeTasutonporendas (TIMP) 1, 2, 3, 4 Bo BHyTpUTTIa3HOH JKUIKOCTH MAIIMEHTOB C Pa3BUTOU CTaauei
MEPBUYHON OTKPBITOYTOJIBHOM TIayKOMBI.

Marepuainbl n1 MeToabl. O0cien0BaHbI 47 MAMCHTOB ¢ BEpU(DHUIIMPOBAHHBIM, HA OCHOBAHUH O(TAIEMOJIOTHYC-
CKOT0 00CIIeIOBaHHUS, AUATHO30M Pa3BUTOM CTAMU IEPBUYHON OTKPHITOYTOIBHOMN IIayKOMBI, KOTOPBIE COCTABHIIH
OCHOBHY10 rpynny. KoHTpoibHYy0 Ipymny cocTaBmin 26 NalMEHTOB € IUarHO30M «HEOCI0)KHCHHAS KaTapakTay.

Konnentparuo MMP-2, MMP-3, MMP-9 onpenensu ¢ ucrions3oBanueM Habopa Luminex Performance Human
MMP Magnetic Panel (3-Plex) (R&D Systems, CIIIA), onpenenenue xonnenrpamun TIMP-1, TIMP-2, TIMP-3,
TIMP-4 mnpoBogumm ¢ momomibio Habopa Human TIMP Magnetic Luminex Performance Assay 4-plex (R&D
Systems, CIIIA). HccnenoBaHue IpOBOANIOCH METOIOM IIPOTOYHOM (HITyOPHMETPHH HA JIBYXIIYUEBOM JIa3€PHOM
aHamzarope Bio-Plex 200 (Bio-Rad, CILIA).

Pe3ynbTaThl. YCTaHOBICHA CTATUCTUYECKN 3HAYMMO BBICOKAS KOHIIEHTPAIMS MAaTPUKCHOW METAJLIONpPOTEHHA-
3bI-2 U TKaHEBBIX HHTHOHTOPOB MATPUKCHBIX METAIIONpoTenHas 1, 2, 3, 4 BO BHYTPUITIA3HOM KHIKOCTH Malld-
€HTOB C Pa3BUTON CTaguell MePBUIHON OTKPHITOYTOIBHOHN ITIAyKOMBI OTHOCHTEIBHO JAHHBIX, MOTYyYCHHBIX NPH
HCCJIEOBAHNYU BHYTPUIJIA3HOM KUAKOCTH JIUIL] C HEOCTIOXKHEHHOM KaTapakTou.

3akuoyenue. [TosydueHHbIe B MCCIIEIOBAHUH JIaHHbIE O BHICOKUX KOHIIEHTPAlUsX U HapylleHuu GaaHca conep-
’KaQHUSI MATPUKCHBIX METaJUIONPOTEHHA3 U X TKAHEBBIX MHTMOMTOPOB B BHYTPHUITIA3HOH *KUIKOCTH MALIEHTOB C
Pa3BUTON cTazivel MEPBUYHOM OTKPHITOYTOJbHOW INTAYKOMBl MOATBEPXKAAIOT POJIb MECTHOTO BOCHAIIUTENBHOTO
npolecca, a TakXke HapyLIIEeHHH CTPYKTypbl BHEKJIETOUHOTO MaTpPHKCa M €ro peMoJEINPOBaHHsS B MEXaHH3MaX
Pa3BUTHS MATOJOIMYECKOT0 MpoIiecca.

KiaroueBrbie ciioBa: TICpBUYHAA OTKPBITOYTOJIbHAA I'TAYyKOMa, MATOICHE3, MATPUKCHBIC METAJUIONIPOTEUHA3BI, TKa-
HEBBIC I/IHFI/I6I/ITOpBI MaTPUKCHBIX METAJITIONPOTENHA3, BHYTPUIIa3HAA )KUIKOCTD.

KOHq).]Il/lKT HHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U MNOTCHIUAJIBHBIX KOHq)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C r[y6nm<aune171 HaCTOS{H.[efI CTaTbHU.
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UcTounnk ¢puHancupoBanus. McciaenoBanue npoBogUIOChk 3a CYET CPEACTB FOCYAAPCTBEHHOTO 3a/laHUsA, TeMa
HUP «/3y4eHne natoreHe3a OTKPHITOYTOJIBHOM INIAyKOMBI Ha OCHOBE OLICHKH JucOanaHca IIMTOKHMHOB U (akTo-
poB poctay (Ne AAAA-A18-118082290059-3), a Takxke B paMKax JOTOBOPOB O HAYYHO-IPAKTHYECKOM COTPY-
HudectBe Mexxny HMUL] «MHTK "Mukpoxupyprus rnaza" um. akaa. C.H. ®enoposa» 1 HUUKDJI — pununan
NIul" CO PAH, HUMKDJI n ®enepanbHbIM HCCICIOBATEILCKAM IIEHTPOM (DyHAaMEHTANBHOI U TPaHCIIALHOH-
noit meaunuael CO PAH.

CooTBeTcTBHE NMPHHOMNAM 3THKH. Bce manmeHTsl noanucany MHGOPMHUPOBAHHOE COTVIACHE Ha IPOBEICHHE
orepanuy, 3a00p BHYTPUTIIa3HOM JKUIIKOCTH, @ TAK)Ke MCIOJIb30BAaHNE JTAaHHBIX UCCIIEAOBAHMS B HAYYHBIX LIEIIIX.
HccnenoBanue ogoOpeHO KOMHTETOM 110 OnoMexnuuHckoi atuke HoBocubupckoro ¢ummana HMULL «MHTK
"Mukpoxupyprus riasa" um. akag. C.H. @exoposa» (mpotokon Ne 2 ot 02.09.2018).

Jast umtupoBanusi: Yepnsix B.B., Konenkos B.U., Epmakosa O.B., Opnos H.b., TpynoB A.H. OcoGeHnnoctu
COJICpIKaHUsI MATPUKCHBIX MeTauionporenHas 2, 3, 9 1 TKaHEBbIX HHIMOUTOPOB MAaTPUKCHBIX METAJUIONPOTEHHA3
1, 2, 3, 4 BO BHYTPUIJIa3HOM >KUIKOCTH ALIUEHTOB C MEPBUYHOM OTKPBITOYTOJIbHOI T1ayKOMO. broinemens cu-

Features of the level of matrix metalloproteinase-2, -3, -9 and tissue inhibitors

oupckou meouyunet. 2021; 20 (4): 86-92. https://doi.org/10.20538/1682-0363-2021-4-86-92.

INTRODUCTION

Primary open-angle glaucoma (POAG) is widely
spread in all countries of the world, and its increasing
prevalence has significant medical and social conse-
quences for patients and the community [1-4]. The
ophthalmological community is to a certain extent
unsatisfied with results of treatment for this patho-
logy, which makes POAG a pressing issue of modern
ophthalmology. A thorough study of the development
of pathological mechanisms in this disease is a sig-
nificant research task which would allow to elaborate
pathogen-specific treatment.

According to the analysis of publications devoted
to POAG pathogenesis, morphological and structu-
ral changes in the eye drainage system leading to im-
paired aqueous humor outflow and an increase in the
intraocular pressure (IOP) are some of the main cau-
ses of POAG [5-9].

Some researchers suggest that these morphologi-
cal and structural changes in the eye drainage zone
may be manifestations of the local aseptic destructive
and inflammatory process in patients with POAG, the
development of which depends on the imbalance and
content change of various biologically active mole-
cules with proinflammatory and fibrotic activity (cy-
tokines, growth factors, etc.), as evidenced by publi-
cations of recent years [ 10—14]. In order to understand
the role of local destructive and inflammatory process
in POAG development, it is important to determine
changes in the local content and balance of matrix
metalloproteinases (MMPs) and their tissue inhibitors
(TIMP), which play an essential role in degradation
of extracellular matrix proteins degradation and tissue
remodeling [15-20], as well as in ophthalmic disor-
ders [21].

In addition, the publications provide data on the
ability of a number of cytokines to affect MMP and
TIMP production and participate in regulation of
MMP and TIMP synthesis [22-24].

Currently, few publications contain data on high
concentrations of various MMPs and TIMPs in both
the aqueous humor and tear and tissue structures of
the eye affected by POAG. Based on the conducted
studies, the authors of the publications suggest that ex-
cessive production of MMPs and TIMPs is associated
with the active synthesis of various classes of cyto-
kines, and the resulting imbalance in the studied bio-
logically active molecules can lead to disturbances of
the extracellular matrix and remodeling of the trabe-
cular meshwork and lamina cribrosa of the sclera with
impaired aqueous humor outflow and development of
glaucomatous process. The authors also suggest pos-
sible role of MMP in the mechanisms of apoptosis in
retinal ganglion cells and glaucomatous optic neurop-
athy [25-30].

However, it is not always possible to interpret the
data presented in the literature unequivocally, which
allows to conclude on the relevance of further study
of the content and balance of MMP and TIMP in the
aqueous humor of POAG patients to understand the
molecular mechanisms of POAG development, as
well as to formulate the aim of this study.

The aim of the study was to investigate the content
of MMP-2, 3, 9 and TIMPs-1, 2, 3, 4 in the aqueous
humor of patients with moderate POAG.

MATERIALS AND METHODS

The study was conducted in accordance with the
principles of the Declaration of Helsinki of the World
Medical Association “Ethical principles for medical
research involving human subjects”, the Federal Law
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of the Russian Federation of November 21, 2011 No. centrifuged at 4°C, 10,000 rpm, for 10 min. The con-
323 FL “On the basics of protecting the health of citi- centrations of MMP-2, MMP-3, and MMP-9 were
zens in the Russian Federation”, as well as the require- determined using the Luminex Performance Human
ments of the Federal Law of July 27, 2006 N 152-FL MMP Magnetic Panel 3-plex kit (R&D Systems,
(as amended on July 21, 2014) “On Personal Data” USA). The levels of TIMP-1, TIMP-2, TIMP-3, and
(as amended and supplemented, entered into force on TIMP-4 were identified using the Human TIMP Mag-

September 1, 2015). netic Luminex Performance Assay 4-plex kit (R&D
The study examined 73 patients. The experimental Systems, USA). The study was conducted using flow-
group consisted of 47 patients who underwent clinical through field fluorometry on a two-beam laser analy-
and instrumental examination, including best visual zer Bio-Plex 200 (Bio-Rad, USA).
acuity, binocular ophthalmoscopy, spheroperimetry, Bio-Plex manager Software version 4.1 was used
echoopthalmography, optical coherence tomography for data processing. Data analysis was performed
(OCT), and intraocular pressure (IOP) measurement. using the Statistica 10 software package (StatSoft
Moderate POAG and uncomplicated cataract were re- Inc., USA). The concentrations were measured in

vealed. There were 16 (34.0%) men and 31 (66.0%) ng/ml. The use of the Kolmogorov — Smirnov and
women in the experimental group. The average age of Lilliefors tests for normality allowed to establish

patients was 64.3 = 5.9 years. The control group inclu- the absence of normal distribution in the obtained
ded 26 patients with uncomplicated cataract. There were samples. In this regard, the study used the methods
8 (30.8%) men and 18 (69.2%) women in the group, the of non-parametric statistics. The significance of dif-
average age of patients was 67.1£3.2 years. Thus, the ferences in variation series in unrelated samples was
studied groups did not differ in terms of age and gender. assessed using the Mann—Whitney U-test. Data were
Exclusion criteria from both groups were acute and presented as the median and upper (75%) and lower
chronic eye disorders, diabetic retinopathy, neovascu- (25%) quartiles, Me (Q1-Q3). The differences were
lar glaucoma, uveitis of various etiology and localiza- considered statistically significant at p < 0.05.
tion, hemophthalmus, and autoimmune diseases and
cancer of any localization. The study excluded pa- RESULTS AND DISCUSSION
tients who, in order to normalize intraocular pressure, As a result of this study, we identified the presence
took medications containing prostaglandin analogs, of a significantly higher concentration of MMP-2 in
capable of affecting the activity of the local destruc- the AH of patients with moderate POAG compared
tive and inflammatory process. with the data obtained in the AH of patients with un-
Samples of the aqueous humor (AH) (100-150 uL) complicated cataract (p = 0.001, Table).
were collected from all patients at the initial stages At the same time, when determining the content
of surgical treatment. The samples were frozen and of MMP-3 and MMP-9 in the AH of patients in the
stored at —70 °C until the study was conducted. examined groups, it was found that their levels did not
Determination of the concentration of matrix differ statistically significantly (»p = 0.08 and p = 1,
metalloproteinases (MMPs) and tissue inhibitors of respectively), and the samples in which the concentra-
matrix metalloproteinases (TIMPs) in AH tion of the studied biologically active molecules was
Once frozen, AH was defrosted to room tempera- higher than the lower limits of the sensitivity were iso-
ture before the study. To remove the sediment, it was lated.
Table

Content of matrix metalloproteinases and tissue inhibitors of matrix metalloproteinases in the aqueous humor of patients with
moderate POAG and uncomplicated cataract, ng/ml, Me (0 -0,)

Parameter Patients with POAG, n =47 Patients with uncomplicated cataract, n =26 P
MMP-2 1.87[1.43;2.31] * 1.43[1.09; 1.81] 0.001
MMP-3 0.06 [0.00; 0.09] 0.02 [ 0.00; 0.01] 0.08
MMP-9 0.00 [0.00; 0.00] 0.00 [0.00; 0.00] 1
TIMP-1 30,822.74 [23,320; 44,298] * 18,254.11 [14,058; 25,685] 0.001
TIMP-2 40,570.62 [33,690; 49,381] * 27,520.26 [24,159; 31,400] 0.001
TIMP-3 11,771.36 [10,788; 14,086] * 10,364.90 [8,097; 11,333] 0.012
TIMP-4 110.41 [80.03; 129.05] * 77.57 [69.83; 93.86] 0.001

* statistically significant differences compared with the group of patients with uncomplicated cataract.
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When comparing the obtained data on the MMP
content in the AH of patients in the examined groups
with the results of other studies presented in the lite-
rature, the following can be noted.

Our data on significantly higher concentrations of
MMP-2 in the AH of patients with POAG are similar
to the results presented in the study by A.D. Nga et
al., where comparable data were obtained on the con-
tent of this matrix metalloproteinase in the AH [26].
Our data are also consistent with the data presented by
P. Sahay et al., in which high concentrations of
MMP-2 were found in the lacrimal fluid of patients
with POAG [27].

At the same time, we did not reveal significantly
higher concentrations of MMP-3 in the AH of patients
with moderate POAG, data on which were presented
by A.D. Nga et al. [26]. We also could not confirm the
conclusion made in the study by L. Markiewicz et al.,
who found high concentration of MMP-9 in the AH of
POAG patients and regarded it as a marker of inflam-
mation development [29].

The analysis of the data obtained in the study made
it possible to state the following facts reflecting the
content of TIMPs in the AH of patients in the exa-
mined groups. The concentrations of TIMP-1 in the
AH of patients with moderate POAG were found to be
significantly higher than in patients with uncomplica-
ted cataract (p = 0.001). Similar results were obtained
when examining the levels of TIMP-2 in the AH of the
patients. The patients with moderate POAG had sig-
nificantly higher values of the studied parameter com-
pared with the data in the control group (p = 0.001).

The study also showed the presence of a signifi-
cantly higher concentration of TIMP-3 and TIMP-4
in the AH of patients with moderate POAG relative
to the values of the studied parameters in the AH of
patients with uncomplicated cataract (p = 0.012 and
p =0.001, respectively).

When comparing the data on the content of TIMPs
in the AH of the patients obtained in this work with
the results of other studies presented in the literature,
the following can be noted. Our data on statistically
significantly higher concentrations of TIMP-1, TIMP-
2, and TIMP-4 in the AH of patients with POAG
are similar to the results presented in the study by
E.L. Ashworth Briggs et al. There, comparable data
were presented, and it was concluded that an imbal-
ance between MMP and TIMP with a shift towards
their increased levels was found in the AH samples,
which can lead to inhibition of MMP activity with
changes in the composition of the extracellular matrix

in the trabecular meshwork with a subsequent increase
in resistance to the AH outflow, as well as to increased
intraocular pressure [31].

Additionally, higher concentrations of TIMP-1 and
TIMP-2 in the AH of POAG patients were identified
in the study by A.D. Nga et al. [26]. In the study by
N. Fountoulakis et al., it was concluded that the most
significant changes were established when TIMP-4
was determined in the AH; it was also established that
this biologically active molecule was crucial in the
pathogenesis of POAG [32]. The analysis of the data
obtained in this study and research results presented
in the literature on the content of TIMPs in the AH
of POAG patients made it possible to state fewer dis-
crepancies between them than in the analysis of data
on the content of MMPs. However, a relatively small
number of publications devoted to the study of MMPs
and TIMPs indicates the need for further research in
this area.

CONCLUSION

The conducted study allowed to establish that in
patients with moderate POAG, significantly high
levels of MMP-2 and TIMPs-1, -2, -3, -4 were iden-
tified. The study also confirms the importance of
local inflammatory process and impairment of the
extracellular matrix structure and its remodeling in the
mechanisms of POAG development.
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