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Abstract: The aim of this study was to evaluate the role of tumor necrosis factor o (TNFa)
and matrix metalloproteinases (MMP-2 and MMP-9) in the development of adhesive disease
during surgical interventions in gynecology.

Materials and methods. A comprehensive comparative immunological study of TNF-a
and matrix metalloproteinases (MMP-2 and MMP-9) was conducted in 60 patients after
gynecological operations in order to evaluate their role as predictors in the development of
adhesive processes, of which 30 patients had an adhesive process in the small pelvis (N73.6
according to ICD-10; main group) and 30 women without an adhesive process (comparison group).
The control group consisted of 20 women belonging to health group 1.

Results. The average age of patients in the main group was 31.6£1.9, in the comparison
group — 30.7+2.1 (p>0.05). Most women were in active reproductive age — 20 (66.7) and 21

(70.0%), respectively (p>0.05). When studying the somatic history, a statistically significant

higher level of comorbidity was established in patients in the main group: extragenital pathology

was recorded 1.6 times more often in relation to the comparison group (p=0.001). In 16.2% and

10% (p=0.048) of cases, respectively, combined damage to several organs and systems was

observed. It should be noted that statistically significant higher proportion of cardiovascular

(arterial hypertension, chronic venous diseases) and endocrine diseases (obesity, hyper- and

hypothyroidism) was observed in patients of the main group 2.0 (p=0.038) times more often

compared to the comparison group.

Conclusions. An increase in the content of matrix metalloproteinases-2 and 9 was
established, which indicates a destructive effect on the extracellular matrix, creating conditions for
the development of adhesions due to the growth of fibrous tissue. The range of MMP-2 levels
>400 pg/ml and MMP-9 >350 pg/ml in determining the risk of developing adhesive processes after
gynecological surgeries was established. A pathogenetic relationship between high TNF-a levels
in the development of adhesive process in women who underwent gynecological surgeries was
proven, a predictor content in the range of over 45 pg/ml in the development of adhesive disease
was established.

Keywords: women, adhesive disease, pathogenesis, matrix metalloproteinases, tumor
necrosis factor.

MNATOTEHETUYECKHUE MEXAHU3MbI PA3BUTUS CITAEYHOI'O NTPOLIECCA B
MAJIOM TA3Y NOCJIE TEHUKOJOI'MYECKNX BMEIIATEJBCTB C YYETOM
YPOBHSI MATPUKCHOM METAJIOITPOTEUHA3BI U ®PAKTOPA HEKPO3A
onyxoJim

AnHoTtanus: Leab padoTsl OLIEHUTH POk YPOBHS (pakTopa Hekposa onmyxonei o (PHOw)
U MaTpUKCHBIX MertawonporenHa3 (MMP-2 u MMP-9) B pa3Butum crnaedHoil Oosie3Hu mpu
XUPYPTUYECKUX BMEIIATEIbCTBAX B THHEKOJIOTHH.
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Marepuanbl U MeTOabl HccieqoBaHusi. [IpoBereHO KOMIUIEKCHOE CpaBHHUTEIbHOE
umMmyHoruueckoe uccienopanrne ®HO-o 1 MaTpuKCHBIX MeTautonporenHas (MMP-2 1 MMP-9)
y 60 marueHToK Mmocje MPOBEJICHHBIX TMHEKOJOTUYECKUX OIepaluil ¢ 1eJIbl0 OIIEHKHU X POJIH B
KauecTBE MPEAUKTOPOB B PA3BUTUHU CHACUYHBIX MPOIECCOB, U3 HUX Yy 30 MalMeHToOK yCTaHOBJIEH
cnaeuHbli niporiecc B masioM Ta3zy (N73.6 mo MKbB-10; ocHoBHas rpynma) u 30 xeHIIUH 0e3
CIIAEYHOTO0 Ipolecca (Tpymma cpaBHEHUs ). ['pynny KOHTpoJIS Ipu 3TOM cocTaBuiIu 20 XKEHILHUH,
oTHocsmuecs K [ rpyrre 310poBbsi.

Pe3yabTarhl. cCpeHUN BO3pacT MalMEHTOK OCHOBHOW Tpymmbl coctaBuwi — 31,6£1,9, B
rpymme cpaBHeHus — 30,7£2,1 (p>0,05). BoJBIMIMHCTBO KEHIIMH HAXOAWJIHUCh B aKTHBHOM
penpoaykTuBHOM Bo3pacte — 20 (66,7) u 21 (70,0%) coorBercTtBeHHO (p>0,05). [Ipu nzyuenuu
COMAaTHYECKOTO aHaMHe3a, y TMalMeHTOK OCHOBHOW TPYIIbI YCTAaHOBIEH CTaTUCTUYECKU
3HAUMMBIA 0OJiee BBICOKHHM YPOBEHb KOMOPOHMIHOCTH: JKCTPAarcHUTANIbHAS IaTOJIOTHS
peructpupoBaiach B 1,6 pasza yamie o oTHoueHuto k rpymnmne cpaBHenus (p=0,001). B 16,2% u
10% (p=0,048) cimydaeB COOTBETCTBEHHO HAOIIOJANIOCH COYETAHHOE TMOPAKEHUE HECKOJIBKUX
opraHoB u cucteM. Heo6X01uMo OTMETUTh CTATUCTUYECKH 3HAYMMBIN 00J1e€ BBICOKUM yAETbHBIN
Bec 3a00JIeBaHMI KapIHOBACKYISPHON (apTepuanbHas THIIEPTEH3Us, XpPOHUYECKHE 3a00IeBaHUS
BEH) U SHJOKPHUHHOW CHUCTEMBbI (OKUpPEHHUE, TUIEp- U THUIOTHUPEO03) OTMEYAJCs Yy MalMeHTOK
ocHOBHOI1 rpynmsl B 2,0 (p=0,038) pasa yarie 1o OTHOIIEHUIO K IPYIIIE CPAaBHEHUS.

BbiBoabl.  YCTaHOBJIEHO  TMOBBIMICHHWE  COACPXNKAHHMS ~ YpOBHS  MATPUKCHBIX
METaJIONPOTENHA3-2 U 9, UTO CBUAETENBCTBYET O pa3pyLIAIOIIEM BO3IEHCTBIUE HA BHEKIETOYHbBIN
MaTpPUKC, CO3/AIOIIMM YCJIOBUS JJI Pa3BUTHUS CIAEUYHOrO Ipollecca 3a CYET HapacTaHus
¢ubpo3HOI TKaHU. Y CcTaHOBIEH Auana3oH yposHe MMP-2 >400 nkr/ma u MMP-9 >350 nkr/mn
B ONpEIENICHUM pPHUCKAa Ppa3BUTHSI  CIACUHBIX IPOIECCOB  IOCIE  OCYIIECTBICHHBIX
TUHEKOJIOTHUYECKUX onepanuil. JlokazaHa natoreHeTu4eckas cBsi3b BbICOKUX nokasareneid GHO-
0. B Pa3BUTHUU CIIAEYHOTO IPOIIeCcCa Y KEHILUH, MEPEHECIINX THHEKOJIOTMUYECKUE XUPYPTUUECKHE
BMEIIATEeNbCTBA, YCTAHOBIEHO MPEIUKTOPHOE COJEpKaHWEe B JAMaNa3oHe CBhINIe 45 MKIr/Mia B
Pa3BUTHUHU CTIACYHON OOIE3HH.

KiloueBble cji0Ba: OKEHIIWHBI, CHac4yHas OOJIe3Hb, TATOTE€HE3, MAaTPHUKCHBIE
MeTaJIONpPOTENHAa3bl, (PaKTOP HEKPO3a OIYXOJIH.

INTRODUCTION.

Postoperative adhesions (PAP) of the pelvic organs is one of the most common causes of
tubal- peritoneal infertility, chronic pelvic pain and ectopic pregnancy [6, 10, 14, 15], which
causes a significant decrease in the quality of life (QOL) of patients [1, 3, 8] and leads to
significant economic costs for the healthcare system [9, 11, 13].

It is indicated that the frequency of adhesion development after various types of
gynecological surgical interventions can reach 87%, with preventive anti-adhesion measures -
51%. After gynecological surgical interventions, the predominant location of adhesions is the
ovaries - in 70% of cases, less often (in 20% of cases) the fallopian tubes are involved in the
adhesion process, in 8% - the body of the uterus and in 7% - the retro-uterine space [2, 4, 5].

In recent decades, there has been a real boom in the scientific community in the field of
studying the so-called "epithelial- mesenchymal transitions” (EMT). EMT is considered one of the
mechanisms of development of a number of diseases accompanied by organ fibrosis. As a result
of EMT type 2, epithelial cells (cells of the renal tubules, alveolar epithelium, hepatocytes) are
transformed into fibroblasts and myofibroblasts, which subsequently form fibers of the
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extracellular matrix [12]. It is believed that chronic inflammation, which results in organ fibrosis,
is a stimulator of EMT,

In an adult organism, signs of EMT are normally observed during the healing of acute
wounds in keratinocytes migrating from the edge of damage. In this case, proinflammatory
cytokines participate in the induction of EMT, in particular tumor necrosis factor a (TNFa) by
increasing the level of bone morphogenetic protein-2. Persistent inflammation promotes EMT
during the formation of hypertrophic scars. Reactivation of the EMT process can also occur as an
attempt to control the inflammatory response and healing of damaged tissues, but the complexity
of EMT regulation and its relationship with chronic inflammation often leads to EMT inadequacy
and, as a consequence, the development of pathological fibrosis. During epithelial- mesenchymal
transformation, epithelial cells separate from the basal plate and begin to destroy collagen 1V,
laminin, nidogen, of which it is built. [7,12] For this purpose, cells produce matrix
metalloproteinases MMP-2 and MMP-9.

MAIN PART

The aim of the study: to assess the role of the level of tumor necrosis factor o (TNFa) and
matrix metalloproteinases (MMP-2 and MMP-9) in the development of adhesive disease during
surgical interventions in gynecology.

Materials and methods of the study: a comprehensive comparative immunological study of
TNF-o and matrix metalloproteinases (MMP-2 and MMP-9) was conducted in 60 patients after
gynecological surgeries in order to assess their role as predictors in the development of adhesive
processes, of which 30 patients had an adhesive process in the small pelvis (N73.6 according to
ICD-10; main group) and 30 women without an adhesive process (comparison group). The control
group consisted of 20 women belonging to health group I.

Clinical examination of patients in the main group and comparison group included a study
of complaints, obstetric and gynecological history, bimanual examination (deviation of the uterus
from the midline, condition of the appendages).

Ultrasound (US) screening of the pelvic organs was performed according to a unified
protocol on the Philips Affinity 30 (Japan) device, which allows visualization of tissues and organs
in a real time continuum. The study was carried out in B-mode using transabdominal and
transvaginal convex sensors (frequency 3.5-5 MHz).

Using ELISA, risk factors for the development of adhesions after gynecological OV were
determined: TNF-alpha, MMP-2, MMP-9. Type of study - heterogeneous ELISA (enzyme-linked
immunosorbent assay, ELISA).

Results of the study: the average age of patients in the main group was 31.6£1.9, in the
comparison group — 30.7+2.1 (p>0.05). Most women were in active reproductive age — 20 (66.7)
and 21 (70.0%), respectively (p>0.05).

When studying the somatic history, a statistically significant higher level of comorbidity
was established in patients of the main group: extragenital pathology was registered 1.6 times more
often in relation to the comparison group (p = 0.001). In 16.2% and 10% (p = 0.048) of cases,
respectively, combined damage to several organs and systems was observed. It should be noted
that a statistically significant higher proportion of cardiovascular (arterial hypertension, chronic
venous diseases) and endocrine diseases (obesity, hyper - and hypothyroidism) was noted in
patients of the main group 2.0 (p = 0.038) times more often in relation to the comparison group.

It should be noted that the pathologies under consideration, regardless of the specific
nosology, are characterized by a universal mechanism of damage (oxidative stress, endothelial
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dysfunction, initiation of excessive production of proinflammatory cytokines and, as a
consequence, the development of a local hyperergic inflammatory reaction).

When analyzing the content of MMP-2 and -9, as well as TNF-a in the blood serum, it was
found (Table 1) that in patients with the presence of adhesive processes after gynecological
interventions, a significant increase in the level of MMP -2 was noted in the blood serum,
amounting to 495.5 + 25.65 pg / ml, which was 1.5 times higher than the comparison group, where
this indicator was 332.00 + 47.35 pg / ml and 1.9 times higher than the control group (262.51 +
8.28 pg / ml).

Table 1. The content of matrix metalloproteinases types 2 and 9 (MMP-2, MMP-9)
and TNF-a in the blood serum of the examined women

Groups MMP-9, ng /mi MMP-2, pg /ml TNF-a,
pkg /mi
Main avg. 423.94+17.71 495.50+25.65 56.2+1.7
n=30 min. 237,00 217,00 23.7
Max. 740,00 765,00 61.4
Reliability of data to control 0,001 0.01 0,001
indicators, P<
Comparison group avg. 329.26+45.65%* 332.00+£47.35%* 45.741.3%*
n=30 min. 243.26 196.3 35.2
Max. 448,0 414.1 51
Reliability of data to control 0,001 0.01 0,001
indicators, P<
Control avg. 162.70+3.35 262.51+8.28 12.7+2.1
n=20 min. 120,00 201,00 8.0
Max. 269,00 538,00 17.0

Note: reliability of data between the main and comparison groups (* - P< 0.05; ** - P<0.01)

MMP -9 values was also significantly higher in patients of the main group with the
presence of adhesions after gynecological interventions, amounting to 423.94+17.71 ng / ml ,
which was 1.28 times higher than the comparison group, where this indicator was 329.26+45.65
ng /ml and 2.6 times higher than the control group (162.70+3.35 ng /ml).

When analyzing the parameters of TNF-a in the study groups, it was determined that the
highest content of TNF-a was observed in the first main group of patients, amounting to 56.2+1.7
pg /ml, which was 1.23 times higher than in the second comparison group, where the average
content of TNF-a in the serum of patients was 45.7+1.3 pg /ml and almost 4.5 times higher than
in the control group, the average value of which was 12.7+2.1 pg /ml.

To establish the etiopathogenetic role of MMP -2 in the development of the adhesive
process after gynecological intervention in women, it is proposed to calculate such indicators as
the association coefficient (Cass), Pearson chi-square (y2), relative risk (RR), sensitivity ( Se ) and
specificity ( Sp ), the calculation results of which are presented in Table 2.

Table 2. Diagnostic assessment of MMP -2 levels in blood serum

Quantities MMP-2
<350 pg /ml 350-400 pkg /ml >400 pg /ml
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K ass 0.61, p<0.01 0.69, p < 0.01 0.96, p < 0.001
72 5.28, p < 0.05 552, p <0.05 28.1, p < 0.001
RR. 3.0 4.8 12.2%

S. (%) 62.3 73.5 89.2

S » (%) 72.1 62.3 81.1

Moderate specificity (S p=72.1%) and low sensitivity (S ¢ = 62.3%) of the risk of
developing adhesions after gynecological surgeries had MMP -2 levels <350 pg /ml, but with
a relative risk RR = 3.0. The diagnostic level of MMP-2 = 350-400 pg /ml in the development
of the adhesion process after surgical intervention had reliable indicators of the association
coefficient (K ass = 0.69, p < 0.01), contingency (y 2= 5.22, p < 0.05) and relative risk (RR =
4.8). However, the sensitivity (S p=73.5%) and specificity (S p=62.3%) for this test were less
than moderate.

High level of association (K ass=0.96, p < 0.001) and contingency (y 2= 28.1, p < 0.001),
and therefore high RR = 12.2 was inherent in the factor - MMP -2> 400 pg / ml among women
after gynecological operations in whom the presence of comorbid risk factors for the
development of adhesions was noted. At the same time, this level had higher sensitivity (S e-=
89.2%) and specificity (S p=81.1%), i.e. in 89.2% of cases, positive test results will allow to
correctly diagnose the risk of adhesions after gynecological operations.

Thus, the diagnostically significant level of MMP -2 for predicting the risk of developing
adhesions after gynecological surgeries was MMP -2>400 pg /ml.

Study of the etiopathogenetic role of the influence of MMP-9 indicators in the development
of the adhesion process after gynecological intervention in women showed that MMP -9 values
<350 pg /ml had moderate specificity ( S p=71.4%) and low sensitivity ( S e= 65.1%) , but
with a relative risk of RR = 3.9 (Table 3)

Table 3. Diagnostic assessment of MMP-9 levels in blood serum

Quantities MMP-9
<250 pg /ml 250 - 350 pg /ml >350 pg /ml
K ass 0.77, p < 0.001 0.81,p<0.01 0.92, p < 0.001
x 2 8.85, p < 0.01 11.78, p < 0.01 14.2, p < 0.001
R.R. 3.9 5.4 11.5
Se(%) 65.1 70.1 91.5
S p (%) 71.4 77.2 86.4

The diagnostic level of MMP-9 in the range of 250-350 pg /ml in the development of the
adhesion process after the surgical intervention had reliable indicators of the association
coefficient (K ass= 0.81, p < 0.01), contingency (x 2= 11.78, p < 0.01) and relative risk (RR =
5.4). However, the sensitivity (S e=70.1%) and specificity (S p=77.2%) for this test were less
than high.

High level of association (K ass=0.92, p < 0.001) and contingency (y 2= 14.2, p < 0.001),
and therefore high RR = 11.5 was inherent in the factor - MMP -9> 350 pg / ml among women
after gynecological operations in whom the presence of comorbid risk factors for the
development of adhesions was noted. At the same time, this level had higher sensitivity (S e-=
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91.5%) and specificity (S p=86.4%), i.e. in 91.5% of cases, positive test results will allow to
correctly diagnose the risk of adhesions after gynecological operations.

As a result, we found that the diagnostically significant level of MMP -9 for predicting the
risk of developing adhesions after gynecological surgeries was MMP -9>350 pg /ml.

TNF- o indicators in the development of the adhesion process after gynecological
intervention in women showed that that TNF- o values <35 pg /ml had moderate specificity (S
p=69.1%) and low sensitivity (S = 64.5%), but with a relative risk RR = 2.9 (Table 4)

Table 4. Diagnostic assessment of MMP-9 levels in blood serum

Quantities TNF-a
<35 pg /ml 35-45 pg /ml >45 pg /ml
K asse 0.71, p < 0.001 0.75,p <0.01 0.85, p <0.001
x 2 7.95,p<0.01 9.71,p < 0.01 12.1, p < 0.001
R.R. 2.9 6.1 10.8
Se(%) 64.5 68.9 85.6
S p (%) 69.1 74.8 83.5

The diagnostic level of TNF-a in the range of 35-45 pg /ml in the development of the
adhesion process after surgical intervention had reliable indicators of the association
coefficient (K ass = 0.75, p < 0.01), contingency (x 2= 9.71, p < 0.01) and relative risk (RR =
6.1). However, the sensitivity (S ¢=68.9%) and specificity (S p=74.8%) for this test were less
than high.

High level of association (K ass= 0.85, p < 0.001) and contingency (y 2=12.1, p < 0.001),
and therefore high RR = 10.8 was inherent in the factor - TNF-a > 45 pg / ml among women
after gynecological operations in whom the presence of comorbid risk factors for the
development of adhesions was noted. At the same time, this level had a higher sensitivity (S
=85.6%) and specificity (S p=83.5%), i.e. in 85.6% of cases, positive test results will allow to
correctly diagnose the risk of adhesions after gynecological operations.

As a result, we found that the diagnostically significant level of TNF-a for predicting the
risk of developing adhesions after gynecological surgeries was TNF-o >45 pg /ml .

Thus, these results indicate the presence of a correlation between elevated levels of MMP
-2, MMP -9 and TNF- a (MMP-2>400 pg /ml; MMP -9>350 pg /ml; TNF-a >45 pg /ml) , which
are diagnostically significant indicators in determining the risk of developing adhesions after
gynecological surgeries, which is associated with both the inflammatory process and other factors
in the anamnesis.

CONCLUSIONS

1. An increase in the level of matrix metalloproteinases-2 and 9 was established, which
indicates a destructive effect on the extracellular matrix, creating conditions for the development
of the adhesive process due to the growth of fibrous tissue. The range of MMP-2 levels >400 pg /
ml and MMP-9 >350 pg / ml was established in determining the risk of developing adhesive
processes after gynecological operations.

2. A pathogenetic link between high TNF-a levels and the development of adhesions in
women who have undergone gynecological surgery has been proven; a predictive content in the
range of over 45 pg /ml has been established in the development of adhesive disease.
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