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Missed abortion is one of the most prevalent forms of early pregnancy loss that remains a pressing issue of obstetrics and gynecology. Despite advances in
reproductive medicine, the molecular mechanisms underlying the embryo development termination in early gestation are poorly understood. A comparative single-
center study aimed to assess the expression of TGF- and MMP-9 genes in peripheral blood of women with physiological and missed abortion and assess their
potential prognostic value for evaluation of the risk of early pregnancy loss. A total of 40 pregnant women were included in the study: 20 patients with the 9-11 week
physiological pregnancy (control group) and 20 women diagnosed with missed abortion (index group). The TGF-B and MMP-9 gene expression was determined
by the real-time polymerase chain reaction method after the total RNA isolation from peripheral blood. The Mann-Whitney U-test and ROC analysis were used
for statistical data processing. No significant differences in the TGF-B and MMP-9 gene expression between the studied groups were revealed. At the same time,
ROC analysis made it possible to determine the threshold values of the studied indicators having some diagnostic information content. As for MMP-9, the threshold
value Ct < 29 ensuring the 80% sensitivity and 60% specificity turned out to be the most informative. As for TGF-, the threshold value Ct < 27.4 was characterized
by the 75% sensitivity and 70% specificity. The findings suggest the potential prognostic value of the studied genes for evaluation of the risk of missed abortion.
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MONEKYNAPHO-TEHETUHECKUE ACIMNEKTbLI MPOrHO3NPOBAHUA PAHHUX PENPOAYKTUBHbIX MOTEPb
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3amepLuas 6epeMeHHOCTb OTHOCUTCH K YMUCNy Hanbonee pacnpoCTpaHeHHbIX (hOPM PaHHKX PENPOAYKTUBHBIX MOTEPb U OCTAETCS akTyasnbHOW Npobnemom
aKyLLepCTBa W rMHeKosorn. HecMoTpst Ha AOCTKEHUS B 06NaCTN PENPOLYKTUBHOM MEAVILIMHBI, MONEKYNISPHbIE MEXaH3Mb, NEXaLLe B OCHOBE MpeKpaLLeHys
pasBnTUS SMOPUOHA Ha PaHHNX CPOKax recTaumm, UdydeHbl HEAOCTATOHHO. Llenbio cpaBHUTENBEHOMO OAHOLIEHTPOBOMO UCCNEefoBaHMS Oblo OLIEHUTb YPOBEHD
aKcnpeccun reHoB TGF-B 1 MMP-9 B nepndepnyeckor KPOBU >KEHLLWH C (D13NONOrMHECKOn 1 3amepLuert 6epeMEHHOCTBIO 1 ONMPEAENUTb NX NMOTEHUMABbHYIO
MPOrHOCTUYECKYIO 3HAYMMOCTb MPY OLIEHKE PUCKa PaHHKX PENPOLYKTVBHBLIX MOTePb. B 1ccnenoBaHvie 6ol BKoueHb! 40 6epeMEHHbIX MEHLLMH: 20 NaLMeHToK
C hmanonornyeckn npotekaroLLen 6epemMeHHOCTbi0 cpokoM 9-11 Hepenb (KOHTponbHas rpynna) 1 20 MeHWWH ¢ AvarHo30M 3ameplueit 6epeMeHHOCTH
(ocHoBHas rpynna). YpoBeHb akcnpeccun reHoB TGF-Bun MMP-9 onpefenany METOAOM NOAMMEPAa3HOM LIEMHOWM peakLyn B PEXXVIME pealbHOro BPEMEHW Nocne
BblaeneHvst TotanbHol PHK 13 nepudepnyeckort kposu. [ns ctatncTnyieckon 06paboTkim pesynsTaToB MCnonb3oBany kputepuin ManHa-YutHn n ROC-aHanms.
CTaTUCTMHECKM 3HAYUMBIX Pa3IMHUIA MEXIY UCChedyeMbIMU rpynnamMm No YPoBHAM akcnpeccun reHos TGF-B 1 MMP-9 BbisiBNeHo He 6bino. BmecTe ¢ Tem
ROC-aHanm3 no3sonunn onpeaen1te NOPOroBble 3HA4EHNS NCCneayembix nokasaTenen, obnagaroLime OnpeaeneHHoN AnarHOCTUHECKON NH(OPMATUBHOCTBIO.
[Onst MMP-9 Hanbonee nHopMaTBHBIM OKazanock 3HadeHne Ct < 29, obecnevnBatoLLiee HyBCTBUTENbHOCTL 80% 1 creumidmiHocTb 60%. Ons TGF-B noporosoe
3HadeHve Ct < 27,4 xapakTepusoBasioCh YyBCTBUTENBHOCTBIO 75% 1 cneumdndHocTeto 70%. MonydeHHble pesynsTaTbl CBUAETENbCTBYIOT O MOTEHLMaIbHOM
MPOrHOCTUYECKOW 3HAYMMOCTY UCCRedyeMbIX FeHOB MPY OLIEHKE pricka 3amMepLueit 6epeMeHHOCTU.

KntoueBble cnosa: akcnpeccus reHoB TGF-Bn MMP-9, duanonornyeckas 1 3amepLuas 6epemMeHHOCTb, MPOrHO3MPOBaHNE TeHeHNst 6epeMeHHOCTI

DPuHaHcupoBaHue: paboTta BbiNofHeHa B pamkax [Nporpammsl yHAaMeHTabHbIX HayYHbIX UcCneaoBaHuin B Poccuiickon depepaLim Ha AONrOCPOHHbIN Neprof,
(2021-20830 r) (Ne 122030100170-5).

Bknap aBTopos: O. B. KOced — c60op KNMHNYECKOro matepuana, nposeaeHne nabopaTopHbIx nccnenosaHuii; b. P. I6paruMoB — cTatucTndeckast 06paboTka,
aHanua pesynstatos; M. I. KnumeHko — dopmmnpoBaHre 6asbl aanHbIx; A. A. TepacMmoBa — Y/bTPa3ByKOBOE UCCNeLOBaHMe, KNMHMYeckast oLeHKka
pesynetatos; A. b. AiMeTanHOBa — KIMHMKO-(YHKUMOHANbHOE 0bcnefoBaHve nauneHToB; E. I MapHaT — npoBefeHne nabopatopHbix nccneposanuii (MLP);
0. 0. AbpaMoB — aHann3 nuTeparypbl, UHTEPNPETaLVs PE3yNLTaToB, NOArOTOBKA TekcTa pykonucy; . A. KnMmeHKo — An3aiiH MccnefoBaHns, opraHnsaLyms
KIMHWUYECKOro aTana, MHTepnpeTaumns pesynsratos; M. A. Kypuep — KOHLENUMS 1 An3aiH UCCnefoBaHns, HayYHOe PyKOBOACTBO, YTBEPXKAEHWE PYKOMMCH.

CobniogeHne aTU4ecKnxX CTaH[ApPTOB: ViccnenoBaHne ogobpeHo atndeckum kommtetoMm PHIMY um. H. . Minporosa (npoTtokon Ne 258 ot 16 theBpans 2026 ).
Bce ob6cnepoBaHHble nognvcan 4o6poBobHOE MHEOPMUPOBAHHOE COrfiacke Ha y4acTue B UCCNeLOBaHMM.

><] Dnsa koppecnoHpeHuun: MNetp AcdaHacbesny KnnmeHko
CeacTononbckuii Np-T, A. 24a, . Mockea, 117209; pa.klimenko@mail.ru

Cratbsi nonyyeHa: 24.06.2026 CtaTtbsa npuHsATa K nevatun: 05.08.2026 Ony6nvkoBaHa oHnaviH: 18.08.2026
DOI: 10.24075/vrgmu.2026.043

ABTOpckue npasa: © 2026 npvHagnexar astopam. Jinuenaunar: PHAMY vm. H. W, Muporoea. CtaTbs pasMellieHa B OTKPbITOM AOCTYMeE 1 pacrnpocTpaHseTcs
Ha ycnosusix nnueHsum Creative Commons Attribution (CC BY) (https://creativecommons.org/licenses/by/4.0/).

BULLETIN OF RSMU | 4, 2026 | VESTNIK.RSMU.PRESS | DOI: 10.24075/BRSMU.2026.043 m



OPUTMHAJIbHOE UCCJIEJOBAHNE | TEHETUKA

Missed abortion is one of the most significant problems of
modern reproductive medicine that occupies an important
place in the structure of early pregnancy loss. Despite the
improvement of the diagnosis and treatment methods, the
prevalence of this disorder remains high. Abnormal embryo
development in early gestation results from the combination of
genetic, immune, endocrine, infectious, and vascular factors,
the contribution of each of which can be different depending
on the clinical situation.

The normal pregnancy course is ensured by the coherent
interaction between the mother’'s body and the developing
embryo. Successful implantation and subsequent formation
of the placental complex require an adequate trophoblast
invasion, extracellular matrix remodeling, vascular network
formation, and immune tolerance maintenance. Violation of any
of the above processes can result in pregnancy arrest.

The earlier studies revealed molecular features of the tissues
collected from individuals with missed abortion. It has been
found that early pregnancy loss is associated with changes in
the ribosomal DNA content [1, 2], abnormal expression of a
number of placenta-specific proteins of the PSG family 3, 4], as
well as downregulation of the reticulon 4 (RTN4) protein involved
in apoptosis and cell differentiation. The results obtained
suggest that there are complex molecular abnormalities
affecting various phases of embryo development and placenta
formation [1-6]. At the same time, the immune regulation and
tissue remodeling mechanisms in patients with miscarriage are
poorly understood. In this regard, the transforming growth factor
B (TGF-P) and matrix metalloproteinase 9 (MMP-9) genes play
an important role in ensuring the immune tolerance, trophoblast
invasion, and placental bed formation are of special interest.

DMP1

MMP-9 is an enzyme involved in degradation of the
extracellular matrix components. Its activity is important for the
throphoblastic cell migration and invasion, endometrial tissue
remodeling, and placental complex formation. The MMP-9
regulation impairment can be associated with placentation
defects and complicated pregnancy course [7—13].

Matrix metalloproteinase 9, also playing an important role
in leukocyte migration, osteoclastic bone resorption, belongs
to the M10A peptidase family; it functions as a growth factor
regulating the cell differentiation, migration, and cell death,
activates the signaling cascades via CD63 and ITGB1.
According to the String data (Fig. 1), it is also involved in
protein-protein interaction.

TGF-B belongs to the key regulators of cell proliferation,
differentiation, and immune response. During pregnancy
this cytokine is involved in developing the immune tolerance
between the mother’'s body and the fetus, limiting the
development of excess immune responses and contributing to
continuation of pregnancy [14-25].

Despite a large number of studies focused on the role of
TGF-B and MMP-9 in reproductive processes, the information
about the specifics of their expression in patients with missed
abortion is still limited and largely controversial. This determines
the need for further study of these molecular markers.

According to the String data (Fig. 2), TGF-B is involved in
protein-protein interaction in the following way.

The studied genes (proteomes) almost never interact with
each other or together (Fig. 3).

The study aimed to assess the TGF-S and MMP-9 gene
expression in peripheral blood of women with physiological
pregnancy and missed abortion, as well as to determine their

Fig. 1. Protein-protein interaction of MMP-9. Contribution of the MMP-9 biochemical interaction with other bioactive substances. The interaction network is constructed

using the STRING resource (https://string-db.org)
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Fig. 2. Protein-protein interaction of TGF-B. Contribution of the TGF-B biochemical interaction with other bioactive substances. The interaction network is constructed

using the STRING resource (https://string-db.org)

potential prognostic value for evaluation of the risk of early
pregnancy loss.

METHODS

Research design. A comparative single-center study aimed at
assessing the TGF-f and MMP-9 gene expression in peripheral
blood of women with physiological pregnancy and missed
abortion was conducted.

Characteristics of surveyed patients

A total of 40 pregnant women were included in the study. The
control group consisted of 20 patients with the 9-11-week
physiological singleton pregnancy, who were through the first
prenatal screening. The index group consisted of 20 women
diagnosed with missed abortion. Missed abortion was detected
during the scheduled visit and the ultrasound examination, and
the pregnancy age was determined based on the medical
history data and fetal ultrasound. In 13 patients, pregnancy
arrest occurred at 6-9 weeks of gestation, and in 4 patients
it occurred at 9-12 weeks. Furthermore, a mismatch between
anthropometric measurements based on the ultrasound
examination of dead embryos and the gestational age of 3-5
weeks. In 3 patients, pregnancy was terminated for medical
reasons (teratogenic effects) after the genetic counseling and
the consilium at 13-21 weeks. Fetal karyotypes were not
determined in cases of developmental abnormalities. Inclusion
criteria: age over 18 years; confirmed intrauterine pregnancy;
signed informed consent to take part in the study. Exclusion
criteria: multiple pregnancy.

Biomaterial collection

Peripheral venous blood collection from the cubital vein was
performed in all patients prior to surgery and ultrasound
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examination. The main diagnosis was made after the embryo
tissue assessment at the cytogenetic laboratory.

RNA isolation and cDNA synthesis

Whole venous blood was used to isolate total RNA. After lysis
of cellular elements samples were centrifuged, and further RNA
extraction was performed using the ExtractRNA kit (Evrogen,
Russia) in accordance with the manufacturer’s guidelines. The
quality of the RNA obtained was controlled by electrophoresis.
The nucleic acid concentration was determined by
spectrophotometry using the Nano500 system (AllSheng,
China). The BioMaster RNAscribe RT Plus kit (Biolabmix,
Russia) was used to synthesize complementary DNA. A total
of 1 pg of total RNA was added to the reverse transcription
reaction. After the reaction was complete the resulting cDNA
was diluted with nuclease-free water and used for further gene
expression analysis.

Determination of gene expression

The expression of the TGF-f and MMP-9 genes was
determined by the real-time polymerase chain reaction
method. Amplification was accomplished in the DT-96 cycler
(DNA-Technology, Russia). All the samples were analyzed in
two technical replicates. To increase the analysis specificity,

TGFB1

Fig. 3. Biological interaction of TGF-B and MMP9 between each other in the
pregnant woman'’s body. The interaction network is constructed using the STRING
resource (https://string-db.org)
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Table. Comparative statistics of the TGF- and MMP-9 expression in blood of patients physiological pregnancy and missed abortion

Parameters Group Number of cases Mean Standard error (+) Minimum Maximum
Ct_TGFb Missed abortion 20 27.15 0.3 24.7 30.8
Ct_TGFb Control 20 28.205 0.33 26 32.7
Ct_MMP9 Missed abortion 20 27.805 0.42 25.4 32.1
Ct_MMP9 Control 20 29.31 0.37 26.2 324
Ct_B2M Missed abortion 20 19.935 0.37 17.9 24.8
Ct_B2M Control 20 20.5 0.28 18.4 23.7
Ct_GUSB Missed abortion 20 28.265 0.37 25.9 334
Ct_GUSB Control 20 29.47 0.37 26.2 33.1
Ctref Missed abortion 20 241 0.36 22.3 29.1
Ctref Control 20 24,985 0.31 23 28.4
ACt_TGFb Missed abortion 20 3.05 0.21 1.2 4.9
ACt_TGFb Control 20 3.22 0.2 2 6.1
ACt_MMP9 Missed abortion 20 3.705 0.23 2.35 6.15
ACt_MMP9 Control 20 4.325 0.26 2.8 8.3

Note: Ct_TGFb — Ct value of TGF-B gene amplification, Ct_MMP9 — Ct value of MMP-9 gene amplification.

primer was placed on the exon-exon junction, which prevented
amplification with the genomic DNA. B2M and GUSB were
used as reference genes. Relative expression was calculated
by the AACt method with subsequent mean reference gene
normalization.

Statistical analysis

Statistical data processing was performed using the StatPlus
2007 software. The mean, standard error of the mean,
median minimum and maximum values were calculated for
quantitative indicators. Independent groups were compared
using the nonparametric Mann—-Whitney test. This method was

selected due to small sample size and no need to assume the
normal distribution of the studied traits. The differences were
considered significant at p < 0.05. ROC analysis involving
determination of optimal threshold values, sensitivity and
specificity was used to assess the diagnostic informativity of
the studied indicators. No adjustment for multiple comparisons
was applied. The study was preliminary, since the cohort size
was 20 individuals per group.

RESULTS

Comparative analysis of the TGF-B and MMP-9 gene
expression in peripheral blood of women with physiological
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Fig. 4. ROC curves characterizing the Ct_TGFb and Ct_MMP9 expression sensitivity and specificity for the success of missed abortion prediction. X axis — False

positive rate (specificity), Y axis — True positive rate (sensitivity)
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pregnancy and missed abortion was conducted. The analysis of
threshold amplification cycles revealed no significant intergroup
differences (Table). The mean Ct value for TGF-B was
27.15 + 0.30 in the group with missed abortion, while in the
control group it was 28.21 + 0.33. As for the MMP-9 gene,
the mean Ct values were 27.81 + 0.42 and 29.31 + 0.37,
respectively.

Therefore, TGFb and MMP-9 do not have a 100% diagnostic
value for prediction of missed abortion, but in fact there are
more data: for example, we accurately calculated the limits
of intervals, based on which the subtle difference was found.
Thus, the analysis of parameters for the risk of "missed abortion"
(Fig. 4) showed the most significant differences for the Ct_TGFb
and Ct_MMP9 parameters.

The value < 29, at which sensitivity reaches 80% with the
60% specificity, is diagnostically important for Ct_MMP9
(Fig. 4). As for Ct_TGFb, such expression value is 27.4,
at which sensitivity reaches 75% with the 70% specificity.
Prediction of missed abortion based on the Ct_TGFb and
Ct_MMP9 expression can yield the result of up to 80%/70%.

DISCUSSION

In this study the expression of the TGF-B and MMP-9 genes
in peripheral blood of women with physiological pregnancy
and missed abortion was assessed. Despite the fact that there
were no significant differences between the studied groups, the
ROC analysis results showed that there were threshold values
of the studied indicators having some prognostic informativity.
The data obtained suggest that changes in the TGF-g and
MMP-9 expression cannot be considered as the only
mechanism underlying the development of missed abortion. It
is likely that the molecular alterations identified reflect only some
links of a complex pathogenetic process including impaired
placentation, immune adaptation, and cell-cell interactions at
the maternal-fetal interface [14-25].

It is well known that successful implantation of the embryo
and further pregnancy development require the adequate
throphoblast invasion of the endometrium and development
of the full-fledged maternal-placental blood flow. Matrix
metalloproteinases ensuring the controlled extracellular matrix
remodeling play an important role in these processes [7—13].
Among members of this family of special importance is MMP-9
involved in degradation of the basal membrane components,
throphoblastic cell migration, and placental bed formation [7-13].

According to a number of studies, the MMP-9 activity is
strongly associated with the throphoblast invasion and normal
development of the placenta [7—13]. Abnormal metalloproteinase
regulation can result in incomplete placentation at different
fetus's gestational ages and the development of pregnancy
complications [7-13]. The data on the MMP-9 potential
prognostic value obtained in this study are in line with modern
views of the role of this enzyme in early gestation.

An equally important component of the successful
pregnancy is the formation of immunological tolerance
between the mother's body and the fetus [15-25]. A central
place in the regulation of this process is occupied by TGF-B
having pronounced immunomodulatory properties [15-25].
This cytokine is involved in controlling the activity of T cells,
natural killers, and other immunocompetent cells, it ensures
maintenance of the immune balance essential for pregnancy
continuation [14-25].
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According to the literature, the decrease in activity
of the TGF-B signaling pathways can be associated with
violation of the maternal-fetal immune tolerance and the
increased risk of miscarriage [15-25]. Our results revealed
no significant intergroup differences due to insufficient
number of measurements of the studied indicators at various
embryogenesis and placentation terms. However, the fact that
there is a diagnostically significant threshold value suggests the
TGF-B involvement in the mechanisms associated with the risk
of pregnancy arrest.

It should be taken into account that the missed abortion
pathogenesis is multifactorial [7-25]. Genetic abnormalities
in the embryo, endocrine disorders, infectious processes,
hemostatic disorders, and immune alterations can be realized
simultaneously to form various clinical variants of the disease.
In this regard, the use of distinct molecular markers does not
always ensure high diagnostic accuracy. Limitations of the
study include the relatively small sample size and heterogeneity
of pregnancy age in the group of patients with missed
abortion. Furthermore, biomaterial was collected after making
the diagnosis, which did not allow us to assess the dynamic
changes in expression of the studied genes at various stages
of the disease process.

Thus, the findings confirm that further investigation of TGF-8
and MMP-9 as the components of complex prognostic models
for assessment of the risk of early pregnancy loss is promising
[7-25]. To clarify clinical significance of the patterns identified,
studies with the inclusion of a larger number of observations
and the expanded range of molecular genetic indicators are
necessary.

The study made it possible to assess the features of the
TGF-B and MMP-9 gene expression in peripheral blood of
women with physiological pregnancy and missed abortion.
No significant intergroup differences in expression of
the studied genes were revealed. At the same time,
the ROC analysis results showed that there were threshold
values of the TGF-f and MMP-9 indicators having some
prognostic informativity when assessing the risk of missed
abortion.

The data obtained suggest possible involvement of the
studied genes in the molecular mechanisms ensuring the
normal pregnancy course. However, the small sample size
makes it impossible to consider the patterns revealed as the
definitely proven ones. Further research should be focused
on assessing the TGF-f and MMP-9 expression in the larger
and clinically homogeneous groups of patients, as well as
on developing the complex prognostic models combining
molecular genetic, laboratory, and clinical indicators.

CONCLUSIONS

There were no significant differences in the TGF-f and
MMP-9 gene expression in peripheral blood of women with
physiological pregnancy and missed abortion. The threshold
value Ct < 29 enduring the 80% sensitivity and 60% specificity
turned out to be of diagnostic value for the MMP-9 gene.
As for the TGF-B gene, the value Ct < 27.4 with the 75%
sensitivity and 70% specificity was the most informative.
The findings suggest the potential prognostic value of these
molecular markers and the need for further research aimed to
confirm their clinical significance and ensure validation in the
independent sample.
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