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Pregnancy complications including preeclampsia, preterm birth, recurrent pregnancy
loss, and fetal growth restriction affect over 12% of all pregnancies worldwide. However,
the risks of suffering from pregnancy loss or developing pregnancy complications could
be detectable at an earlier stage giving opportunity for meaningful interventions. For
example, fetal sex differences, which arise very early in development due to differential
gene expression from the X and Y chromosomes, could be integrated into the development
of risk prediction tools for certain complications [1]. On the other hand, once a pregnancy
is closer to term, uterine cervical changes can be detected using ultrasound elastography,
which could in turn also improve the management of delivery [2].

Pregnancy complications have negative short- and long-term impacts on both maternal
and neonatal health such as the increased risk of neurodevelopmental and cardiovascular
diseases (CVD). There are currently limited ways for the early identification of such long-
term health outcomes. However, the examination of the placenta and extra-placental
membranes offers new opportunities, which could optimize the care given to mothers and
babies who are at greater risk of neurodevelopmental and cardiovascular consequences.
Women who had more severe placental lesions of maternal vascular malperfusion after
preeclampsia had a three-fold increased risk of screening as high-risk for CVD compared to
women without these lesions [3]. Interestingly, fetal health can also be investigated through
placental pathology, where the odds of neonatal intensive care unit (NICU) admission
were twice as high in pregnancies with placental pathologies in addition to placental
abruption [4]. Furthermore, inflammation in the extra-placental membranes showed that
the inflammatory milieu of amniotic fluid increases with chorio-deciduitis grade, but not
amnionitis of these membranes [5].

Advances in the early detection of women at risk of pregnancy complications have
increased in the last decade, in part due to bioinformatic improvements, making it much
easier to access and analyze large amounts of data and identify novel biomarkers. Indeed,
proteomic biomarkers in maternal urine have proven promising as a non-invasive way
of identifying women at risk of preeclampsia and fetal growth restriction [6]. Proteomic
biomarkers, this time in maternal serum samples, were also investigated in a replication
study looking at the ratio of IBP4/SHBG proteins as a predictive biomarker for spontaneous
preterm birth [7]. Maternal blood has additionally been used to identify markers of immune
tolerance and angiogenesis, showing decreased galactin-9 and VEGF-A in patients with
prior miscarriage [8].

Potential novel therapeutic targets have also been uncovered using other techniques,
where for example, a polymorphism in MMP-9, correlated with high MMP-9 production,
has been associated with preeclampsia [9]. Of course, identifying biomarkers and women
who are at risk of pregnancy complications is not an end-all-be-all solution. Novel thera-
peutic strategies must also be developed in parallel to optimize the health of both mother
and baby. By identifying proteins, we can then hope to target them, as has been performed
by Kniotek et al., where sildenafil citrate was used to downregulate PDE5A expression
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in vitro in immune cells from patients with recurrent pregnancy loss [10]. This process
could also potentially be applied to the protein SPINT1, which is reduced in preeclamptic
pregnancies with co-existing fetal growth restriction, to help promote adequate blood
flow and nutrient delivery to the placenta to facilitate fetal growth [11]. Similarly, another
in vitro study showed that cardioprotective beta-blockers could promote the secretion of
pro-angiogenic mediators in endothelial cells and mitigate inflammation, offering potential
novel therapeutic strategies in preeclampsia [12].

Since we know that inflammatory pathways are dysregulated in pregnancy complica-
tions and that they can even aggravate cardiovascular disorders, they have become key
targets for therapeutic strategies and drug delivery. A great example of this is IL-1, which
is known to be increased in pregnancy complications and is thus a promising target in
clinical settings. The therapeutic potential of blocking IL-1 in human pregnancies, as used
for several inflammatory pathologies such as arthritis, was investigated in a review by
Brien et al., which most importantly showed that there was no association with adverse
perinatal outcomes [13]. To better understand the designs and hurdles in therapeutics for
pregnancy complications, Coler et al., present possible steps to expedite drug development
to better meet the growing need for effective therapeutics in preterm birth [14].

Over the past decade, numerous groups have investigated how to mitigate these
effects, promote healthier pregnancies and optimize neonatal health, however, this has been
difficult to translate into clinical settings due to difficulties related to early diagnostic, drug
delivery, specificity, and importantly, the lack of novel therapeutic strategies. This series of
fourteen articles shed light on current advances in prenatal diagnostics, knowledge gaps in
the development of novel therapeutic strategies, uses of artificial intelligence to understand
the placental impact of pregnancy complications, as well as recent advances in targeted
drug delivery to optimize the health of both mothers and their babies.

Funding: This research received no external funding.

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

References

1.

Inkster, A.M.; Fernandez-Boyano, I.; Robinson, W.P. Sex differences are here to stay: Relevance to prenatal care. . Clin. Med. 2021,
10, 3000. [CrossRef] [PubMed]

Park, H.S.; Kwon, H.; Kwon, J.-Y.; Jung, Y.J.; Seol, H.-].; Seong, W.J.; Kim, HM.; Hwang, H.-S.; Sung, J.-H.; Oh, S.-Y. Uterine
cervical change at term examined using ultrasound elastography: A longitudinal study. J. Clin. Med. 2020, 10, 75. [CrossRef]
[PubMed]

Benton, S.J.; Mery, E.E.; Grynspan, D.; Gaudet, L.M.; Smith, G.N.; Bainbridge, S.A. Placental pathology as a tool to identify women for
postpartum cardiovascular risk screening following preeclampsia: A preliminary investigation. J. Clin. Med. 2022, 11, 1576. [CrossRef]
[PubMed]

Mavedatnia, D.; Tran, J.; Oltean, I; Bijeli¢, V.; Moretti, F; Lawrence, S.; El Demellawy, D. Impact of co-existing placental
pathologies in pregnancies complicated by placental abruption and acute neonatal outcomes. J. Clin. Med. 2021, 10, 5693.
[CrossRef] [PubMed]

Lee, ].H.; Park, C.-W.; Moon, K.C.; Park, J.S.; Jun, ] K. The inflammatory milieu of amniotic fluid increases with chorio-deciduitis
grade in inflammation-restricted to choriodecidua, but not amnionitis, of extra-placental membranes. . Clin. Med. 2021, 10, 3041.
[CrossRef] [PubMed]

Bujold, E; Fillion, A.; Roux-Dalvai, F; Scott-Boyer, M.P; Giguére, Y.; Forest, ].-C.; Gotti, C.; Laforest, G.; Guerby, P.; Droit, A. Proteomic
analysis of maternal urine for the early detection of preeclampsia and fetal growth restriction. J. Clin. Med. 2021, 10, 4679. [CrossRef]
[PubMed]

Burchard, J.; Polpitiya, A.D.; Fox, A.C.; Randolph, T.L.; Fleischer, T.C.; Dufford, M.T.; Garite, T.J.; Critchfield, G.C.; Boniface, ].].;
Saade, G.R.; et al. Clinical validation of a proteomic biomarker threshold for increased risk of spontaneous preterm birth and
associated clinical outcomes: A replication study. J. Clin. Med. 2021, 10, 5088. [CrossRef] [PubMed]

Wyatt, M.A.; Baumgarten, S.C.; Weaver, A.L.; Van Oort, C.C.; Fedyshyn, B.; Ruano, R.; Shenoy, C.C.; Enninga, E.A.L. Evaluating
markers of immune tolerance and angiogenesis in maternal blood for an association with risk of pregnancy loss. J. Clin. Med.
2021, 10, 3579. [CrossRef] [PubMed]

Gannoun, M.B.A_; Raguema, N.; Zitouni, H.; Mehdi, M.; Seda, O.; Mahjoub, T.; Lavoie, ]. MMP-2 and MMP-9 polymorphisms
and preeclampsia risk in Tunisian Arabs: A case-control study. J. Clin. Med. 2021, 10, 2647. [CrossRef] [PubMed]


http://doi.org/10.3390/jcm10133000
http://www.ncbi.nlm.nih.gov/pubmed/34279482
http://doi.org/10.3390/jcm10010075
http://www.ncbi.nlm.nih.gov/pubmed/33379228
http://doi.org/10.3390/jcm11061576
http://www.ncbi.nlm.nih.gov/pubmed/35329905
http://doi.org/10.3390/jcm10235693
http://www.ncbi.nlm.nih.gov/pubmed/34884395
http://doi.org/10.3390/jcm10143041
http://www.ncbi.nlm.nih.gov/pubmed/34300208
http://doi.org/10.3390/jcm10204679
http://www.ncbi.nlm.nih.gov/pubmed/34682802
http://doi.org/10.3390/jcm10215088
http://www.ncbi.nlm.nih.gov/pubmed/34768605
http://doi.org/10.3390/jcm10163579
http://www.ncbi.nlm.nih.gov/pubmed/34441875
http://doi.org/10.3390/jcm10122647
http://www.ncbi.nlm.nih.gov/pubmed/34208487

J. Clin. Med. 2022, 11, 3144 30f3

10. Kniotek, M.; Roszczyk, A.; Zych, M.; Wrzosek, M.; Szafarowska, M.; Zagozdzon, R.; Jerzak, M. Sildenafil citrate downregulates
PDE5A mRNA expression in women with recurrent pregnancy loss without altering angiogenic factors—A preliminary study.
J. Clin. Med. 2021, 10, 5086. [CrossRef] [PubMed]

11. Murphy, C.N,; Cluver, C.A.; Walker, S.P; Keenan, E.; Hastie, R.; MacDonald, T.M.; Hannan, N.J.; Brownfoot, EC.; Cannon, P;
Tong, S.; et al. Circulating SPINT1 is reduced in a preeclamptic cohort with co-existing fetal growth restriction. J. Clin. Med. 2022,
11, 901. [CrossRef] [PubMed]

12.  Binder, N.K.; MacDonald, T.M.; Beard, S.A.; de Alwis, N.; Tong, S.; Kaitu’U-Lino, T.; Hannan, N. Pre-clinical investigation of
cardioprotective beta-blockers as a therapeutic strategy for preeclampsia. J. Clin. Med. 2021, 10, 3384. [CrossRef] [PubMed]

13. Brien, M.-E.; Gaudreault, V.; Hughes, K.; Hayes, D.J.L.; Heazell, A.E.P.; Girard, S. A systematic review of the safety of blocking
the IL-1 system in human pregnancy. J. Clin. Med. 2021, 11, 225. [CrossRef] [PubMed]

14. Coler, B.S.; Shynlova, O.; Boros-Rausch, A.; Lye, S.; McCartney, S.; Leimert, K.; Xu, W.; Chemtob, S.; Olson, D.; Li, M,; et al.
Landscape of preterm birth therapeutics and a path forward. J. Clin. Med. 2021, 10, 2912. [CrossRef]


http://doi.org/10.3390/jcm10215086
http://www.ncbi.nlm.nih.gov/pubmed/34768607
http://doi.org/10.3390/jcm11040901
http://www.ncbi.nlm.nih.gov/pubmed/35207174
http://doi.org/10.3390/jcm10153384
http://www.ncbi.nlm.nih.gov/pubmed/34362171
http://doi.org/10.3390/jcm11010225
http://www.ncbi.nlm.nih.gov/pubmed/35011965
http://doi.org/10.3390/jcm10132912

	References

