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UTERINE SCAR FORMATION AND EXPRESSION OF SPECIFIC CONNECTIVE TISSUE
PROTEINS

The aim of the study — to evaluate the role of expression of specific connective tissue proteins in the formation of the scar
on the uterus.

Materials and Methods. The study was performed on the basis of the regional perinatal center and KU PB No. 5 during
2017-2019. 426 women with a scar on the uterus were examined, including 115 (27.0 %) with two or more scars. The mean age of
the subjects was (33.4+1.1) years. The results of sonographic studies were analyzed. For pathomorphological examination, three
cases of intranatal rupture of the uterine wall along the “old” scar after cesarean section from middle-aged women with a gestational
age of 33 to 40 weeks are presented. The expression of collagen types 1 and 3 and the protein of the intermediate filaments of the
muscle tissue of desmin was determined using a semi-quantitative method with the calculation of H-score.

Results and Discussion. Analysis of ultrasound data showed that the average assessment of the degree of insolvency of the
scar on the uterus was in the examined women X=(1.3£0.2) points, a high level of insolvency was found in 114 (26.8 %) pregnant
women. At the same time, 225 (52.8 %) pregnant women showed no signs of scar failure at all. In 87 (20.4 %) one sign of uterine
scar failure was found, in 76 (17.8 %) — two signs, in 20 (4.7 %) — three signs, and in 18 (4.2 %) — four signs. Subsequently, 44
(10.3 %) women were born operatively, the rest gave birth per via naturales. Local myometrial defect after ultrasound delivery was
detected in 25 of 182 (13.7 %) women who gave birth independently.

Conclusions. A high level of scar failure risk is found in 26.8 % of pregnant women. H-score valuesfor collagen types 1 and 3
averaged (212+24) and (188+22), for desmin — (193£17). Thus, reparative processes at the site of previous surgery on the uterine
wall are by incomplete regeneration (substitution) and compensatory hyperplasia of structural tissue elements.

Key words: uterine scar; diagnosis; prognosis; pathomorphology.

®OPMUPOBAHVE PYBLIA HA MATKE N 3KCMPECCUSA CMELNDUNYECKUX BEIKOB COELNHUTENBHOW TKAHU

Lenb nccnegoBaHus — OLEHWUTb POJb IKCNPEeccHm cneumpuyeckmnx 6enkoB coeguHUTENbHOM TKaHW B hopMrpoBaHuy pyoLa
Ha marke.

Marepuanbl n meTogbl. ViccrenoBaHve BbINO/THEHO Ha 6a3e 061acTHOIO NeprHaTanbHoOro LeHtpa 1 KY MbB Ne 5 B TeueHune
2017-2019 ropos. O6cnefoBaHo 426 XeHWUH ¢ pybLom Ha maTke, B Tom uucne 115 (27,0 %) — ¢ gBymsa v 6onee pybuamvu.
CpepaHuii Bo3pacT 06cnefoBaHHbIX cocTaBun (33,4+1,1) roga. AHa/IM3npoBasiv pPe3y/ibTaTbl COHOrpadMyeckmx nccneqoBaHuii.
[ns naToMopd0/10rMyecKoro ccriefloBaHnA NpeacTassieHbl TpY Criydas MHTpaHaTa/ibHbIX PaspbliBOB CTEHKM MATKM MO «CTapoMy>»
py6Ly nocse onepauun kecapeBa Ce4YeHns OT XEHLLMH CpeHero Bo3pacrta co CPOKOM rectauum ot 33 o 40 Hegenb. Onpesensnu
3KCMpeccuto KonnareHos 1 1 3 TMNOB 1 NpOTenHa NPOMEXYTOUHbIX PMIAMEHTOB MbILLEYHON TKaHN AeCMUHa C NOMOLLIbIO Nosy-
KONMYeCTBEHHOro MeToAa ¢ pacyeTom H-score.

PesynbTathbl UccnefoBaHUA U UX oGcyxaeHune. AHaIM3 faHHbiX Y3V nokasas, YTo CpefHss OLeHKa CTeneHu HecocTos-
TeNbHOCTM pybLa Ha MaTke cocTaBuia y 06cnefoBaHHbIX XeHWuH X=(1,3+0,2) 6anna, BbICOKMIA YpOBEHb HECOCTOSATE/NIBHOCTU
6b111 06HapyxeH B 114 (26,8 %) 6epemeHHbIX. B T0 xe Bpems B 225 (52,8 %) 6epeMeHHbIX NPU3HaKoB HECOCTOATENbHOCTYU pybLa
BOO6LLE 06HApPYXeHO He 6bis10. B 87 (20,4 %) Obln 06HapY)XeH 0AMH NPU3HaK HeCoCToATeNbHOCTM pybua maTku, B 76 (17,8 %)
— [Ba npusHaka, y 20 (4,7 %) — Tpy npu3Haka, a y 18 (4,2 %) — yeTbipe npusHaka. B ganbHeinwem 44 (10,3 %) naumeHTKn 6b11m
pozopaspeLleHbl 0nepaTuBHO, OCTaslbHble POXasIN per via naturales. JlokanbHbI edeKT MUOMETpYs nocse poaos Ha Y3W onpe-
fenancay 25 un3 182 (13,7 %) XeHLUVMH, KOTopble poXasiv CaMOCTOATESTbHO.

BbiBOAbI. BbICOKMIA ypOBEHb HECOCTOATENIBHOCTY PybLIa YCTaHOB/EH Y 26,8 % 6epeMeHHbIX. 3HauyeHus H-score ansi konna-
reHa 1 1 3 TMMOB COCTaBUAN B cpegHem 212+24 1 188422, ana gecMuHa — 193+17. Takum 06pa3om, penapaTuBHble NpoLecchl B
MecTe npeABapuTesIbHOr0 ONepaTVBHONO BMELLATENLCTBA HA CTEHKE MAaTKM UAYT No MyTW HEMNO/HOW pereHepaumn (Cy6eTutyLmum)
1 KOMMEHCATOPHOW rnepniasumn CTPYKTYPHbIX 3/1IEMEHTOB TKaHei.

KnioueBble croBa: py6el, Ha MaTke; AMarHoCTVKa; MPOrHO3VMpOoBaHKe; NaToMopdoorms.

®OPMYBAHHS PYBLA HA MATL TA EKCMPECIA CMEL®IYHUX BIIKIB CMOMYYHOI TKAHUHN

MeTa gocnifkeHHA — OLiHUTW ponb ekcrnpecii cneumiyHnx Ginkie cnoanyyYHol TkaHUHN Yy hopMyBaHHI pyoLs Ha MaTL.

Marepianu Ta metogu. [JOC/iLHKEHHS BUKOHAHO Ha 6a3i 06/1acHOro nepuHaTasibHoro ueHTpy Ta KY Mb Ne 5 Bnpogosx 2017—
2019 pokiB. O6cTeXEeHO 426 XiHOK 3 pybuem Ha maTtui, B ToMmy yucni 115 (27,0 %) — 3 goma Ta b6inblie pyousamu. CepefHiit Bik
ob6cTexeHnx cknas (33,4+1,1) poky. AHanizyBaun pe3ysTaTy COHorpadivuHnxX AocnimpkeHb. 19 naToMopdo10riyHOro AOCiIKEHHS
npeacTaB/ieHo TpU BUNAAKM iHTpaHaTalbHUX PO3PUBIB CTIHKM MaTKU N0 «CTapoMy» py6LL0 Nic/is onepaLii kecapeBoro po3TuHy Bif
XXIHOK cepefiHbOro BiKy 3i CTPOKOM recTtau,ii Big 33 40 40 TwxHiB. BusHayanu ekcnpecito konareHis 1 i 3 TuniB Ta NpoTeiHy NPOMKHUX
(hinlaMeHTIB M’A30BOI TKaHWHW AeCMiHy 3a [JONOMOro HamiBKi/IbKiCHOro MeToAy 3 po3paxyHkom H-score.

Pe3ynbTatv AOCNiAKEeHHS Ta iX 06roBopeHHs. AHani3 AaHux Y3/, nokasas, Lo cepeHs OLiHKa CTYNeHst HECMPOMOXHOCTI
pyb6us Ha MaTLi cknasa B 06CTexeHnX XiHok X=(1,3+0,2) 6ana, BUCOKWI piBeHb HECMPOMOXHOCTI 6yB BUsiBNeHuii y 114 (26,8 %)
BariTHMx. BogHouac y 225 (52,8 %) BariTH1UX 03HaK HECMPOMOXHOCTI py6usa B3arani BUsiBNeHo He 6yno. Y 87 (20,4 %) cnocTtepe-
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XXEHO OfJHY 03HaKy HEeCMPOMOXHOCTI pybus maTku, y 76 (17,8 %) — aBi o3Haku, y 20 (4,7 %) — Tpu 03Haku, ay 18 (4,2 %) — yotupu
03HakW. Y noganbluomy 44 (10,3 %) navieHTKM Gynn pO3pOKEHI ONepaTUBHO, peLlTa HapoaKyBasia per via naturales. JlokanbHui
fedhekT miomeTpia nicns nonoris Ha Y3/[, Bu3Havascs y 25 3 182 (13,7 %) XiHOK, SKi HApOoKyBain CaMOCTIiHO.

BucHOBKWU. Bucokuii piBeHb HECMIPOMOXHOCTI py6Lst BUSIBNIEHO Y 26,8 % BariTHUX. 3HayeHHs H-score gnsa konareHy 1 1a 3
TUNIB CKNan B cepefHboMy 212+24 Ta 188+22, ana gecMiHy — 193+17. Takum YUMHOM, penapaTuBHi NpoLecK y MicLi nonepefHbo-
ro onepaTMBHOINO BTPYyYaHHS Ha CTiHLj MaTKM iMayTb WWASXOM HEMOBHOI pereHepadii (Cy6cTuTyL,il) Ta KOMNEHCATOPHOI rinepnaasii

CTPYKTYPHUX €/1eMEHTIB TKaHVH.

KnrouoBi cnoBa: pybeLb Ha MartL; AiarHOCTVKa; MPOrHO3yBaHHS; natoMopdonoris.

Scar formation is a physiological response to tissue
damage. Many scientific works have been devoted to the
issues of wound healing. The scar is formed under condi-
tions of close interaction of various cellular and humoral
factors, the speed of its formation depends on the state of
the extracellular matrix, the metabolic profile of the organ-
ism. The functional abilities of myometrium muscle tissue
after surgery on the uterus [1, 2, 6, 9] are of particular
interest. The presence of a scar on the uterus significantly
increases the risk of complications during pregnancy and
childbirth [1, 8, 10, 12], so assessing of its ability to hold
the ante et intra partem load is a very important component
of pregnancy management.

A scar on the uterus can form after a caesarean sec-
tion (in the lower uterine segment and, rarely, the uterine
body), after conservative myomectomy before and dur-
ing pregnancy (either without opening the uterine cavity
or with its opening). The scar on the uterus can be a
consequence of uterine perforation during intrauterine
interventions — abortions, hysteroscopy, as well as other
traumatic complications. Also, the scars on the uterus after
ectopic pregnancy (in the interstitial section of the fallopian
tube, at the junction of the vestigial horn of the uterus with
the main uterine cavity, in the cervix after removal of the
cervical pregnancy) are described. Sometimes a scar on
the uterus is formed after reconstructive plastic surgery
(Shtrasman’s surgery, removal of the uterine horn ru-
diment, etc.). Regardless of the type of intervention
performed, the formation of the scar on the uterus is
associated with the risk of its failure, which alters the en-
dometrium’s biomechanics and causes the risk of uterus
diastasis and rupture [1-4, 6, 12-15].

In every third woman, signs of functional failure of the
scar on the uterus are sonologically determined within a year
after surgery [15]. It is believed that after surgery, the pro-
cesses of repair in the myometrium normally flow due to the
regeneration of smooth muscle cells (so-called morphological
restitution). In violation of tissue repair by the mechanism
of substitution reparative processes with disorganization
of both collagen fibrils and intercellular matrix, expressed
inflammatory reaction, impaired angiogenesis [4, 6, 8, 9,
12] are observed.

THE AIM OF THE STUDY - to evaluate the role of
expression of specific connective tissue proteins in uterine
scar formation.

MATERIALS AND METHODS. The research was per-
formed on the basis of the Regional Perinatal Centre and
Maternity Home No. 5 (Odesa, Ukraine) during 2017-2019.
Under this period 426 women with scar on the uterus were
examined, among them 115 (27.0 %) patients had two or
more scars. The mean age of the women under examination
was (33.4+1.1) years.

The results of sonographic studies were analyzed. The
degree of insolvency of the scar was determined by the

formula:
X= E ki

where k; — is a sign of failure, including:

— The thickness of the lower uterine segment (LUS) is
less than 2 mm (yes — 1 point, no — 0 points)

— Echogenic heterogeneity of the LUS (yes — 1 point,
no — 0 points)

— Absence of areas of local blood flow in radial arteries
of LUS (yes — 1 point, no — 0 points)

— Resistance index value (IR) for radial LUS arteries
(yes — 1 point, no — 0 points)

When the value of X=>2 points, the risk of uterine rupture
was defined as high.

For pathomorphological examination, three cases of in-
tranatal rupture of the uterine walls along the “old” scar after
caesarean section from middle-aged women with gestation
term 33—40 weeks, without manifestations of metabolic syn-
drome, diabetes mellitus, systemic diseases of the connec-
tive tissue or other conditions which are potential reparation
disruptors are presented.

Myometrial slices were fixed in 10 % neutral formalin
solution on phosphate buffer (pH 7.2—-7.4) for 24 hours.
Wiring, paraffin waxing and preparation of microspecimens
were done according to the standard method [7]. Microscopy
and photographing of microspecimen were performed on a
Carl Zeiss photomicroscope (Germany). During the histo-
logical examination, the micromorphological structure of the
postoperative scars and the myometrium pericycatrical area
was determined. Additionally, immunohistochemical studies
were performed on serial paraffin sections of biopsy mate-
rial using primary and secondary monoclonal antibodies of
Dako kits (USA) [11].

To quantify the immunohistochemical results in sections
at 400x magnification of the microscope, the number of
cells in which immunoperoxidase label (positive staining)
was detected in 10 fields of sight, randomly selected (> 200
cells) was counted [7].

The expression of collagen 1 and 3 types and protein
of intermediate filaments of muscular tissue of desmin was
determined using the H-score semi-quantitative method.
The intensity of membrane staining (0, 1+, 2+, or 3+) is
determined for each cell in a fixed field. The H-score was
calculated as the sum of individual H-scores for each intensity
level seen. One method calculates the percentage of cells
at each level of staining intensity, and finally, the H-score is
assigned using the following formula:

[1%(% cells 1+)+2%(% cells 2+)+3%(% cells 3+)].

The final score, ranging from 0 to 300, gives greater
relative weight to the membrane staining of a higher inten-
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sity in a given tissue sample. Sampling quantitative data
can be considered positive or negative based on a specific
discriminatory threshold

Statistical processing of the results was performed by
nonparametric methods using Statistica 10.0 software (Dell
StatSoft Inc., USA) [5].

RESULTS AND DISCUSSION. The analysis of ultra-
sound data showed that the average assessment of the
degree of scar failure was X=(1.3+0.2) points in the women
under examination, a high level of failure was found in 114
(26.8 %) pregnant women (Fig. 1)

At the same time, 225 (52.8 %) of pregnant women
showed no signs of scarring at all. 87 (20.4 %) revealed
one sign of uterine scar failure, 76 (17.8 %) had two signs,
20 (4.7 %) had three signs, and 18 (4.2 %) — four signs.
Subsequently, 44 (10.3 %) women were delivered promptly,
the rest gave birth per via naturales. Local defect of myo-
metrium after delivery on ultrasound was determined in 25
out of 182 (13.7 %) women who gave birth independently.
It looked like a “niche” in myometrium with an intact serous
membrane. With standard staining with hematoxylin and
eosin, myometrial specimens revealed unevenly expressed
parenchymatous myocyte dystrophy, wave-like deforma-
tion, and focal fragmentation. Muscle fibers show growth
of connective tissue in the form of eosinophilic linear and
star-shaped masses, which are located mainly around a
large number of sinusoidal thin-walled vessels. Single ex-
travascular lymphocytes are located peripherally from the
sclerosis foci. No inflammation was found in the interstitial
tissue and vessel walls. In the areas of rupture: against the
background of the aforementioned picture, foci of stratifi-
cation of muscle fibers, microvascular necrotic changes of
single myocytes, ruptures of the interconnecting connective

0 points
i 1 points
= 2 points

52,8%

m 3 points

1
1|
asum|

e

4 points

A

Fig. 1. Frequency of ultrasonoric detection of scar failure
signs

tissue (reparative foci) and fields of hemorrhagic seep-
age was revealed. Reactive inflammatory infiltration was
expressed perifocal — non-uniformly, it consisting mainly
of lymphocytes and macrophages, where elsewhere of
single-celled basophils.

Collagen types | and Ill in scar tissue were noted to have
an uneven content. Basically, collagen | type is contained
in the form of fibrillary fractions in the spaces between the
bundles of muscle fibers and in the basilar membrane of
sinusoidal type thin-walled vessels in the foci of growth of
connective tissue (scar tissue). Type Il collagen is dominated
in membranes of myocytes, fibrocytes, and fibroblasts, and
is unevenly contained in the interstitial scar tissue (Fig. 2, a
and 2, b).

Depending on the type of prevailing in the connective
tissue collagen its density will be different. Thus, fibers

Fig. 2. Expression of myometrial structural proteins. 400X
magnification (a — collagen content 3, b — collagen content 1,
¢ —desmin)
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formed predominantly of type | collagen are thinner and
more arranged, whereas fibers formed from collagen Il
are coarser and disordered. According to Shlapak I. M.
the expression of different types of collagen depends on
the degree of traumatization of the fibrous scar tissue.
Microbreaks are accompanied by aseptic inflammation
with leukocytes migration, including neutrophils and lym-
phocytes, with the subsequent appearance of fibroblasts,
which actually produce type Il collagen [6]. In our study,
the H-score for collagen | and Il types averaged (212+24)
and (188+22), respectively, meaning that their expression
is almost identical in intensity.

Desmin is an intermediate filament protein located next
to the Z-line in myocyte sarcomeres. The increase in its
expression indicates that the healing in the postoperative
wound goes by way of substitution, i. e. due to the growth
of connective tissue with compensatory hyperplasia of
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