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Abstract: A better understanding of the pathogenesis of preterm birth (PTB) will allow us to lower
the PTB rate, reducing perinatal morbidity and mortality. This article presents the hypothesis
that premature placenta apoptosis could be a potential cause of PTB. We evaluated gene expression
involved in apoptosis: caspase-3, caspase-8, and XIAP (X-linked inhibitor of apoptosis) in the placenta
during pregnancy (n = 41), at the onset of preterm labour (n = 42), after preterm (n = 44) and term
(n = 32) labour. We used RNA extraction, reverse transcription, and PCR. During pregnancy the
gene expression of caspase-3 and caspase-8 is low, but XIAP is higher than the caspases. At the
onset of preterm labour, we observed a significantly increased expression of both caspase-8 (10.7-fold,
p < 0.01) and caspase-3 (2.5-fold, p < 0.01) and XIAP (3-fold; p < 0.05) compared with expression
during pregnancy. Our study showed that during pregnancy, the expression of caspase genes in the
placenta is low and probably controlled by high XIAP expression. At the onset of preterm labour, the
expression of caspase genes increases sharply. This may initiate the onset of preterm labour.

Keywords: preterm birth; apoptosis; caspase

1. Introduction

Around 15 million preterm babies are born globally every year; preterm birth (PTB)
remains one of the major obstetrics challenges [1]. In Russia, the rate of preterm labour
is around 6% [2]. These challenges are as much social as they are medical, with a high
risk of infant death and numerous health complications [3]. A better understanding of the
pathogenesis of preterm birth will increase prevention, allow us to carry out specific target
therapy, and ultimately reduce the instances of PTB. Currently, the four most common
causes leading to the onset of spontaneous PTB are the following [4]:

• Stress-induced premature activation of the maternal or foetal hypothalamic–pituitary–
adrenal axis;

• Exaggerated inflammatory response/infection and/or an altered genital tract microbiome;
• Abruption (decidual hemorrhage);
• Pathologic uterine distention.

The need to understand the underlying causes and conditions leading to the sponta-
neous preterm uterine contractions remains a key issue in obstetrics. Currently, there are
numerous studies aimed at revealing the mechanisms of the onset of PTB [5–7]. Considering
that the placenta plays no role after birth, we made the decision to carry out a comparative
study of placental apoptosis at term vs. preterm birth to determine if the intensive and
premature activation of placental apoptosis could potentially trigger preterm labour.

Apoptosis is one of the processes describing the natural occurrence of cell death in the
body [8]. The process occurs during various pathological conditions and is programmed
and necessary for the organism’s cure or development [9]. Placenta apoptosis is as much a

Int. J. Mol. Sci. 2023, 24, 1692. https://doi.org/10.3390/ijms24021692 https://www.mdpi.com/journal/ijms

https://doi.org/10.3390/ijms24021692
https://doi.org/10.3390/ijms24021692
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ijms
https://www.mdpi.com
https://orcid.org/0000-0001-8332-7073
https://orcid.org/0000-0001-6628-0023
https://doi.org/10.3390/ijms24021692
https://www.mdpi.com/journal/ijms
https://www.mdpi.com/article/10.3390/ijms24021692?type=check_update&version=1


Int. J. Mol. Sci. 2023, 24, 1692 2 of 7

component of natural development as it is in other tissues. The role of apoptosis is well
demonstrated in processes such as trophoblast invasion or remodelling of spiral arteries.
However, the untimely development of apoptosis can lead to the development and/or
progression of various pathological processes, including pregnancy complications. The role
of apoptosis has been proven in contributing to spontaneous miscarriages [10], preeclamp-
sia [11], placental insufficiency [12], and premature rupture of membranes [13,14]. It is
also understood that the onset of apoptosis leads to infection-induced preterm labour [15].
However, there is no data on the role of placental apoptosis in leading to spontaneous PTB
when an infectious etiology is excluded or not proven.

According to the literature, there are extrinsic and intrinsic pathways of apoptosis [16].
Since the role of inflammation in the uteroplacental complex has been proven to trigger
PTB [17], even with the exclusion of infection [18], we assume that the apoptosis leading
to PTB can be induced by TNF-α or Fas / Fas ligand. Therefore, it was decided to study
the extrinsic pathway and caspase-8 as the initiating caspase. Both pathways of apoptosis
converge on effector caspase-3, which we have also researched. The activation of caspases
is regulated by the inhibitor of apoptosis proteins (IAP) [19]. We chose X-linked inhibitor
of apoptosis (XIAP) for this research because it is an inhibitor of caspase-3.

The aim of our prospective study was to investigate the gene expression of caspase-8,
caspase-3, and XIAP in the placenta during pregnancy, preterm and term labour.

2. Results

In Group 1 (term placenta before the onset of labour), gene expression of caspase-8
and caspase-3 was low (161 and 261), and XIAP expression was higher than the expression
of caspase genes (328) (Figure 1a).
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In Group 2 (placenta after the onset of preterm labour), we observed a 10.7-fold in-
creasing expression of caspase-8 gene (161 and 1728; p < 0.01), 2.5-fold increasing expression
of caspase-3 gene (261 and 650; p < 0.01), and 3-fold increasing expression of XIAP (328 and
1000; p < 0.01) (Figure 1b).

In Group 3 (placenta after preterm vaginal birth), we observed an 8-fold decrease in
caspase-8 gene expression (1728 and 219; p < 0.01), the same expression level of caspase-3
(650 and 568; p > 0.05), and a 2.75-fold decrease in XIAP expression (1000 and 363; p < 0.05)
when compared to the onset of PTB (Figure 1c).

In Group 4 (placenta after term vaginal birth), caspase-8 gene expression was at the
same level when compared to preterm labour (248 and 219; p > 0.05). However, the caspase-
3 gene expression was 1.85-fold higher (1050 and 568; p < 0.05), and XIAP gene expression
was 2.63-fold lower than after preterm labour (138 and 363; p < 0.05) (Figure 1d).

By the end of the preterm labour, the expression of initiator caspase-8 decreases 8-
fold compared to the onset of preterm labour (from 1728 to 219; p < 0.01) and becomes
comparable with the level during pregnancy (219 and 161; p > 0.05).

The expression profile of effector caspase-3 is different from the profile of the initiator
caspase-8. At the onset and at the end of PTB, the expression of caspase-3 remains at the
same level (650 and 568; p > 0.05), but 2.5-fold higher than during pregnancy (650 and
261; p < 0.05). After a term vaginal birth, the expression of caspase-3 is 1.8 times higher
than with a PTB (1050 and 568; p > 0.05). These expression changes are comparable to
the XIAP expression profile. At the onset of a PTB, the gene expression of the apoptosis
inhibitor increases 3-fold compared with the level during pregnancy (1000 and 328; p < 0.05).
Moreover, in the end of PTB, XIAP expression remains 2.6-fold higher than in the end of
term labour (363 and 138; p < 0.05).

During pregnancy, the gene expression of caspase-3 and caspase-8 is low, but XIAP
is higher than the caspases (Figure 1a). At the onset of preterm labour, we observed a
significantly increased expression of both caspase-8 (10.7-fold; p < 0.01) and caspase-3
(2.5-fold; p < 0.01) and XIAP (3-fold; p < 0.05) compared with expression during pregnancy
(Figure 1b). After vaginal PTB, the expression of caspase-8 returns to a low level comparable
to its expression during pregnancy, and the expression of caspase-3 and XIAP remains high
(Figure 1c). After vaginal term birth, there is a very high expression of caspase-3 and low
expression of caspase-8 and XIAP (Figure 1d).

3. Discussion

There are numerous ongoing PTB studies trying to establish the cause of the premature
spontaneous onset of labour. Understanding of the pathogenesis of PTB will allow us to
develop targeted treatment preventing or controlling this process. Currently, the risk factors
for PTB have been identified [1,20]; some links of pathogenesis have been established [4];
hormonal changes, genetic, and immunological factors have been studied [4–6,21]; the role
of pro-inflammatory cytokines and the polymorphism of their genes [22]; and the role of
toll-like receptors have been proven [23]. However, there remains little understanding of
the pathogenesis of spontaneous onset of the preterm uterine contractions.

Apoptosis occurs in all tissues, including placenta, and its role in the development
of pregnancy complications such as preeclampsia, placental insufficiency, and sponta-
neous miscarriages has been proven. A number of studies have shown that in all these
pathological conditions, the apoptosis is higher than in normal pregnancy.

The aim of our study was to evaluate caspase-3, caspase-8, and XIAP gene expression
in placental tissue during pregnancy (Group 1—term placenta before the onset of labour),
at the onset (Group 2—placenta after the onset of preterm labour), after spontaneous PTB of
unknown etiology (Group 3—placenta after preterm vaginal birth), and after term vaginal
delivery (Group 4—placenta after term vaginal birth). We studied the expression of the
initiator caspase-8 and effector caspase-3 genes, and the expression of the XIAP gene.

During pregnancy (the time of active functioning of the placenta), the expression
profile of the caspases’ and XIAP genes is as follows: the gene expression of both caspases
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is low (161 and 261), while the expression of the XIAP gene predominates (328). This
ratio of expressions can probably be explained by the active functioning of the placenta
during pregnancy. Apoptosis is at a low level and is actively controlled and suppressed by
the inhibitor.

At the onset of PTB, we observed a significant increased expression of both caspase-8
(10.7-fold; p < 0.01) and caspase-3 (2.5-fold; p < 0.01) compared with expression during
pregnancy. The data obtained suggest a high expression of caspases in the placenta at the
onset of PTB. Thus, we observed the activation of the apoptosis at the onset of PTB. We
are suggesting that the activation of apoptosis can lead to the premature onset of uterine
contractions. At the same time, at the onset of PTB we also noted a significant increase
in XIAP gene expression (3-fold; p < 0.01). We assume that the inhibitor XIAP is trying to
suppress premature apoptosis in the placenta. This could potentially be a compensatory
increase of the apoptosis inhibitor’s expression to suppress placental apoptosis and to stop
the onset of PTB.

After a vaginal PTB, the expression of initiator caspase-8 returns to a low level compa-
rable to its expression during pregnancy. The expression level of effector caspase-3 remains
at the same high level as at the onset of PTB. However, after PTB the expression of caspase-3
is still lower than after term delivery (1.85-fold; p < 0.05). This fact is comparable to the
expression of XIAP, in which the expression is high after PTB and very low after term
labour (2.63-fold; p < 0.05).

After a vaginal term birth, the gene expression profile looks somewhat different; in
the end of term labour, the gene expression of initiator caspase-8 is comparable with the
level during pregnancy (248 and 161; p > 0.05), 4-fold times increasing gene expression
of effector caspase-3 (1050 and 261; p < 0.05), and 2.4-fold decrease XIAP gene expression
(138 and 328; p < 0.05) compared with pregnancy. Thus, at term birth, active apoptosis is
observed in the placenta, with a low activity of its inhibition system.

Thus, at the onset of PTB, we observed the activation of apoptosis in the placenta,
which may be the initiating moment in the development of premature uterine contractions.
At the same time, we observe the XIAP trying to suppress the premature placental apoptosis,
manifested by its high gene expression. High XIAP gene expression during PTB can
be interpreted as an attempt to ‘correct’ the pathological process in the placental tissue,
unsuccessfully. This hypothesis is also supported by the fact that during term labour,
XIAP gene expression not only does not increase, but decreases. The term labour is a
physiological process and the physiological termination of placental functioning. Therefore,
an active programmed cell death occurs in the placenta and the inhibitor doesn’t try to
suppress it.

4. Materials and Methods

Placental tissue (159) was obtained as a result of preterm (86) and term (73) delivery
with patients’ consent.

Placental tissue from full-term pregnancies (total 73) formed the following:

• Group 1 (total 41): term placenta before the onset of labour (patients were delivered
by term elective C-section);

• Group 4 (total 32): placenta after term vaginal birth with no complications.

Placental tissue from spontaneous preterm births (total 86), defined by spontaneous
preterm onset of the uterine contractions at 26–34 weeks formed the following:

• Group 2 (total 42): placenta after the onset of preterm spontaneous labour (patients
were delivered by preterm emergency C-section);

• Group 3 (total 44): placenta after preterm spontaneous vaginal birth with no complications.

Thus, all analysed PTB placentas belong to patients with idiopathic spontaneous PTB
of unclear etiology.
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All patients provided their informed consent for participation in the study. The study
was conducted in accordance with the Declaration of Helsinki, and the study protocol was
approved by the Sechenov University Ethics Committee (No. 10–17 of 16 November 2017).

4.1. RNA Extraction

A 5 g piece was cut off from the central part of the placenta immediately after delivery.
It was immediately placed in 300 µL of RPMI-1640 medium with glutamine (PanEco) and
gentamicin (100 µg/mL) and taken to the lab for processing.

Placental tissue was homogenized for RNA extraction using the AmpliPrim RIBO—
sorb kit of InterLabService (Moscow, Russia) as outlined by the manufacturer. A lysing
solution was added to the placental homogenizate, and RNA was isolated by affinity
sorption on silica gel particles using the AmpliPrim RIBO—sorb kit of InterLabService
(Russia) strictly in accordance with the protocol.

4.2. Reverse Transcription

The isolated RNA was used as the template for cDNA synthesis in reverse transcription
reactions using the OT-1 Reverse Transcription kit (Syntol, Russia).

Briefly, the reaction Mix-1 contained 4 µL of RNA, 10 nmoles of random hexamers, and
10 nmoles of primer (Synthol, Russia), and was incubated at 75 ◦C for 3 min and afterwards
incubated for 30 min on ice. Mix-2 was prepared and contained dNTP (at a concentration
of 1 mM each), 40 units of RNase inhibitor, and 100 units of M-MLV revertase and buffer for
reverse transcription from the kit. Then Mix-2 was added to Mix-1 and incubated at 37 ◦C
for 1 h, then incubated at 94 ◦C for 10 min. The samples with cDNA were stored at −70 ◦C.

4.3. Polymerase Chain Reaction (PCR)

Primer sequences for caspase-3, caspase-8, and XIAP were selected using Vector NTI
8.0 to analyze the gene sequences obtained from the electronic database GenBank (see
Table 1).

Table 1. Primer sequences for caspase-3, caspase-8, and XIAP.

Name of Gene GenBank Name of Oligonucleotide Sequence

Caspase-3 NM_032991
Cas3_f atg-gaa-gcg-aat-caa-tgg-act-ct

Cas3_r ctg-cat-cga-cat-ctg-tac-cag-a

Caspase-8 NM_001228
Cas8_f cct-ccc-tca-agt-tcc-tga-gcc-t

Cas8_r ttc-cct-ttc-cat-ctc-ctc-ctt-tct

XIAP NG_007264
XIAP_f1 att-gcc-ttt-cct-gct-aca-tt

XIAP_r cca-ttc-aac-acc-tgt-gta-at

The PCR mix included: Taq pol. 5 mL/mL, forward primer 10 nm, reverse primer
10 nm (see Table 1), 1.2 mm dNTP, and buffer for PCR. The total volume of the PCR mix
was 30 µL, 3 µL of which was cDNA. For PCR it is used “Kit for PCR-RV in the presence of
intercalating dye SYBR Green I (Buffer B)” (Synthol, Russia). All of the production reaction
was carried out according to the recommendations of the manufacturer. The PCR program
comprised the following: 94 ◦C, 2 min, (94 ◦C—15 s, 60 ◦C—15 s, 72 ◦C—30 s) 40 cycles.
For the PCR reaction, a thermocycler DT-96 (DNA-technology, Moscow, Russia) was used.
To standardize the results, the expression of the housekeeping gene GAPDH was used.

Data was analyzed using SPSS Version 20, Excel.
All data were analyzed and defined using the Mann–Whitney test with p < 0.05

considered significant.



Int. J. Mol. Sci. 2023, 24, 1692 6 of 7

5. Conclusions

During pregnancy, we have observed a low activity of the apoptosis process in the
placenta, in part due to the active expression of the apoptosis inhibitor gene. In term labour,
we see a high expression of caspase genes, while the expression of apoptosis inhibitor genes
is at a low level.

In preterm birth, there is a high expression of the initiator and effector caspase genes
and their inhibitor; this could, we suggest, be the initiating moment in the development of
PTB. The XIAP inhibitor tries to suppress the prematurely launched apoptosis process in
premature labour, which is manifested by its high expression. Changes in XIAP expression
in PTB may indicate an attempt to correct the pathological process in placental cells in PTB.

Our research has enabled us to establish the role of gene expression of caspases and
XIAP in the placenta in spontaneous preterm labour. The next phase of this research will
study apoptotic proteins in the placenta, with the objective to develop etiopathogenetic
treatment aimed at the prevention and suppression of preterm labour.

We suggest the preterm placental apoptosis may be the trigger of sterile inflammation
in the utero-placental complex. As a result of the premature death of placental cells,
damage-associated molecular patterns (DAMPs) are released, and by the activation of
toll-like receptors could lead to the sterile inflammation in the utero-placental complex and
the active production of prostaglandins. Studying and understanding the pathogenesis of
spontaneous preterm labour can help to prevent and choose tocolytic therapy.

Author Contributions: Conceptualization, V.B. and O.S. (Oxana Svitich); methodology, O.S. (Oxana
Svitich) and T.K.; software, O.S. (Oxana Skorobogatova) and S.P.; validation, Irina Ignatko, V.B. and
E.T.; formal analysis, I.B. and V.B.; investigation, O.S. (Oxana Svitich) and T.S.; resources, T.S. and
O.S. (Oxana Skorobogatova); data curation, V.B. and I.B.; writing—original draft preparation, V.B.
and E.T.; writing—review and editing, O.S. (Oxana Svitich) and V.B.; visualization, V.B. and E.T.;
supervision, I.I.; project administration, V.B. and E.T.; funding acquisition, V.B. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of I.M. Sechenov First Moscow State Medical
University (Sechenov University) (protocol code 11–18 and date of approval 5 December 2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. Written informed consent has been obtained from the patients to publish this paper.

Data Availability Statement: Not applicable.

Acknowledgments: We would like to thank Maria King (maria.king@talktalk.net), an independent
Russian-British communications adviser, for assistance with translating this article.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

PTB preterm birth
XIAP X-linked inhibitor of apoptosis
RNA ribonucleic acid
PCR polymerase chain reaction
C-section caesarean section

References
1. Purisch, S.E.; Gyamfi-Bannerman, C. Epidemiology of preterm birth. Semin. Perinatol. 2017, 41, 387–391. [CrossRef] [PubMed]
2. Federal State Statistics Service. Available online: https://eng.rosstat.gov.ru/ (accessed on 31 January 2020).
3. Joseph, K.S. Towards a unified perinatal theory: Reconciling the births-based and fetus-at-risk models of perinatal mortality.

Paediatr. Périnat. Epidemiol. 2019, 33, 101–112. [CrossRef] [PubMed]

http://doi.org/10.1053/j.semperi.2017.07.009
http://www.ncbi.nlm.nih.gov/pubmed/28865982
https://eng.rosstat.gov.ru/
http://doi.org/10.1111/ppe.12537
http://www.ncbi.nlm.nih.gov/pubmed/30671994


Int. J. Mol. Sci. 2023, 24, 1692 7 of 7

4. Lockwood, C.J. Pathogenesis of Spontaneous Preterm Birth. Available online: https://www.uptodate.com/contents/6785
(accessed on 6 December 2022).

5. Strauss, J.F.; Romero, R.; Gomez-Lopez, N.; Haymond-Thornburg, H.; Modi, B.P.; Teves, M.E.; Pearson, L.N.; York, T.P.; Schenkein,
H.A. Spontaneous preterm birth: Advances toward the discovery of genetic predisposition. Am. J. Obstet. Gynecol. 2018, 218,
294–314.e2. [CrossRef] [PubMed]

6. McCarthy, R.; Martin-Fairey, C.; Sojka, D.K.; Herzog, E.D.; Jungheim, E.S.; Stout, M.J.; Fay, J.C.; Mala Mahendroo, M.; Reese,
J.; Herington, J.L.; et al. Mouse models of preterm birth: Suggested assessment and reporting guidelines†. Biol. Reprod. 2018,
99, 922–937. [CrossRef] [PubMed]

7. Paquette, A.G.; Brockway, H.M.; Price, N.D.; Muglia, L.J. Comparative transcriptomic analysis of human placentae at term and
preterm delivery. Biol. Reprod. 2017, 98, 89–101. [CrossRef] [PubMed]

8. Green, D.R.; Llambi, F. Cell death signaling. Cold Spring Harb. Perspect. Biol. 2015, 7, a006080. [CrossRef] [PubMed]
9. D’Arcy, M.S. Cell death: A review of the major forms of apoptosis, necrosis and autophagy. Cell Biol. Int. 2019, 43, 582–592.

[CrossRef] [PubMed]
10. Ding, J.; Yin, T.; Yan, N.; Cheng, Y.; Yang, J. FasL on decidual macrophages mediates trophoblast apoptosis: A potential cause of

recurrent miscarriage. Int. J. Mol. Med. 2019, 43, 2376–2386. [CrossRef] [PubMed]
11. Mo, H.; Tian, F.; Li, X.; Zhang, J.; Ma, X.; Zeng, W.; Lin, Y.; Zhang, Y. ANXA7 regulates trophoblast proliferation and apoptosis in

preeclampsia. Am. J. Reprod. Immunol. 2019, 82, e13183. [CrossRef] [PubMed]
12. Burton, G.J.; Jauniaux, E. Pathophysiology of placental-derived fetal growth restriction. Am. J. Obstet. Gynecol. 2018, 218, S745–S761.

[CrossRef] [PubMed]
13. Negara, K.S.; Prajawati, N.L.L.C.; Surya, G.P.; Suhendro, S.; Arijana, I.G.K.N.; Tunas, K. Protein 53 (P53) Expressions and

Apoptotic Index of Amniotic Membrane Cells in the Premature Rupture of Membranes. Open Access Maced. J. Med. Sci. 2018, 6,
1986–1992. [CrossRef] [PubMed]

14. George, R.B.; Kalich, J.; Yonish, B.; Murtha, A.P. Apoptosis in the chorion of fetal membranes in preterm premature rupture of
membranes. Am. J. Perinatol. 2008, 25, 29–32. [CrossRef] [PubMed]

15. Jaiswal, M.K.; Agrawal, V.; Mallers, T.; Gilman-Sachs, A.; Hirsch, E.; Beaman, K.D. Regulation of Apoptosis and Innate Immune
Stimuli in Inflammation-Induced Preterm Labor. J. Immunol. 2013, 191, 5702–5713. [CrossRef] [PubMed]

16. Akhtar, F.; Bokhari, S.R.A. Apoptosis. In SourceStatPearls [Internet]; StatPearls Publishing: Treasure Island, FL, USA, 2019.
17. Gustafsson, A.M.; Fransson, E.; Dubicke, A.; Hjelmstedt, A.K.; Ekman-Ordeberg, G.; Silfverdal, S.-A.; Lange, S.; Jennische, E.;

Bohlin, K. Low levels of anti-secretory factor in placenta are associated with preterm birth and inflammation. Acta Obstet. Gynecol.
Scand. 2018, 97, 349–356. [CrossRef] [PubMed]

18. Curry, A.E.; Vogel, I.; Drews, C. Mid-pregnancy maternal plasma levels of interleukin 2, 6, and 12, tumor necrosis factor-alpha,
interferon-gamma, and granulocyte-macrophage colony-stimulating factor and spontaneouspreterm delivery. Acta Obstet.
Gynecol. Scand. 2007, 86, 1103–1110. [CrossRef] [PubMed]

19. Mohamed, M.S.; Bishr, M.K.; Almutairi, F.M.; Ali, A.G. Inhibitors of apoptosis: Clinical implications in cancer. Apoptosis 2017,
22, 1487–1509. [CrossRef] [PubMed]

20. Goldenberg, R.L.; Culhane, J.F.; Iams, J.D.; Romero, R. Epidemiology and causes of preterm birth. Lancet 2008, 371, 75–84.
[CrossRef] [PubMed]

21. Swaggart, K.A.; Pavlicev, M.; Muglia, L.J. Genomics of Preterm Birth. Cold Spring Harb. Perspect. Med. 2015, 5, a023127. [CrossRef]
[PubMed]

22. Belousova, V.S.; Svitich, O.A.; Timokhina, E.V.; Strizhakov, A.N.; Bogomazova, I.M. Polymorphism of the IL-1β, TNF, IL-1RA and
IL-4 Cytokine Genes Significantly Increases the Risk of Preterm Birth. Biochem. (Mosc.) 2019, 84, 1040–1046. [CrossRef] [PubMed]

23. Thaxton, J.E.; Nevers, T.A.; Sharma, S. TLR-Mediated Preterm Birth in Response to Pathogenic Agents. Infect. Dis. Obstet. Gynecol.
2010, 2010, 378472. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://www.uptodate.com/contents/6785
http://doi.org/10.1016/j.ajog.2017.12.009
http://www.ncbi.nlm.nih.gov/pubmed/29248470
http://doi.org/10.1093/biolre/ioy109
http://www.ncbi.nlm.nih.gov/pubmed/29733339
http://doi.org/10.1093/biolre/iox163
http://www.ncbi.nlm.nih.gov/pubmed/29228154
http://doi.org/10.1101/cshperspect.a006080
http://www.ncbi.nlm.nih.gov/pubmed/26626938
http://doi.org/10.1002/cbin.11137
http://www.ncbi.nlm.nih.gov/pubmed/30958602
http://doi.org/10.3892/ijmm.2019.4146
http://www.ncbi.nlm.nih.gov/pubmed/30942389
http://doi.org/10.1111/aji.13183
http://www.ncbi.nlm.nih.gov/pubmed/31446642
http://doi.org/10.1016/j.ajog.2017.11.577
http://www.ncbi.nlm.nih.gov/pubmed/29422210
http://doi.org/10.3889/oamjms.2018.465
http://www.ncbi.nlm.nih.gov/pubmed/30559848
http://doi.org/10.1055/s-2007-1004828
http://www.ncbi.nlm.nih.gov/pubmed/18075963
http://doi.org/10.4049/jimmunol.1301604
http://www.ncbi.nlm.nih.gov/pubmed/24163412
http://doi.org/10.1111/aogs.13282
http://www.ncbi.nlm.nih.gov/pubmed/29265188
http://doi.org/10.1080/00016340701515423
http://www.ncbi.nlm.nih.gov/pubmed/17712652
http://doi.org/10.1007/s10495-017-1429-4
http://www.ncbi.nlm.nih.gov/pubmed/29067538
http://doi.org/10.1016/S0140-6736(08)60074-4
http://www.ncbi.nlm.nih.gov/pubmed/18177778
http://doi.org/10.1101/cshperspect.a023127
http://www.ncbi.nlm.nih.gov/pubmed/25646385
http://doi.org/10.1134/S0006297919090062
http://www.ncbi.nlm.nih.gov/pubmed/31693463
http://doi.org/10.1155/2010/378472
http://www.ncbi.nlm.nih.gov/pubmed/20827416

	Introduction 
	Results 
	Discussion 
	Materials and Methods 
	RNA Extraction 
	Reverse Transcription 
	Polymerase Chain Reaction (PCR) 

	Conclusions 
	References

