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Abstract: The blood that remains in the placenta and umbilical cord after the birth of the infant is
referred to as umbilical cord blood (UCB), which has the advantages of convenient source and less
ethical controversy. MicroRNA (miRNA) is a class of non-coding RNAs that can regulate gene
expression after translation and transcription. Alterations in miRNA expression involve changes in
a range of gene expression pathways. An increasing body of research indicates that miRNAs are
implicated in many human disorders and are involved in almost all biological medium processes.
Due to their high stability in UCB, circulating miRNAs are considered promising biomarkers for
diagnosis and disease prognosis. Herein, we conduct a comprehensive review to summarize the
roles of diverse UCB miRNAs from different perspectives, including UCB miRNA as biomarker for
developmental projections and disease diagnosis, the relationship between maternal gestational
status and neonatal UCB miRNA expression, the therapeutic function of exosomal UCB miRNA,
miRNA expression profiles in UCB cell lineages. Taken together, miRNAs in UCB are very
promising biomarkers for indicating physiological states, disease states, drug responses,
development states, or health conditions, which can help in diagnosing, classifying, and predicting
diseases, prognosis, or providing personalized treatment plans for patients.
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1. Introduction

Non-coding RNA (ncRNA) denotes RNA molecules that are capable of performing biological
functions at the RNA level, yet lack the capacity to encode proteins. Although once considered junk
RNAs [1], with the quick development of third-generation sequencing and gene chip technologies,
the connection between ncRNAs and illnesses has drawn a lot of attention. MiRNA is a type of
ncRNA. These short, single-stranded RNA molecules. They bind to the 3'-untranslated region (3'-
UTR) of targeted mRNA and cause RNA-induced silencing complex (RISC) to degrade targeted
mRNA [2]. MiRNAs are expressed in tissues, cells, and all tested body fluids, including tears, plasma,
saliva, urine, amniotic fluid, seminal fluid [3], and UCB [4]. It was previously thought that RNA
molecules were inherently unstable due to the presence of ribonucleases (RNases), which are highly
abundant and ubiquitous in neutralising viral and bacterial nucleic acids. However, it is now
understood that RNA molecules are capable of circulating safely and stably in body fluids [3] and
play a role in intercellular communication [5-8].and of playing a role in intercellular communication.

Nutrients, oxygen, and waste products are exchanged between the mother and fetus throughout
pregnancy via the umbilical cord [9]. Communication between the fetal-placental and maternal-
placental systems is mediated by UCB [10]. UCB transports vital nutrients and factors necessary for
fetal survival and development. Changes in certain nutrients and factors during transportation may
significantly impact fetal development. The intrauterine environment has a significant impact on the
fetus’s growth and development as well as the mother’s and child’s health long after delivery [11-
15].

The objective of this review was to provide an overview of the relationships between illnesses,
fetal development, and miRNAs in UCB of newborns. Additionally, we summarized the relationship
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between maternal health conditions and neonatal characteristics, health conditions, and disease
occurrence, demonstrating the potential of miRNAs as a non-invasive diagnostic and prognostic tool.
Furthermore, we have provided an overview of the potential therapeutic applications of some
exosomes present in UCB for the treatment of diseases via miRNA-based mechanisms.

2. Biogenesis and Transport of miRNA

The two processes that make up the biogenesis of miRNAs are the non-canonical pathway and
the canonical pathway, which is the predominant pathway via which miRNAs are processed.
Primary miRNAs, which resemble hairpins and can have lengths exceeding 1,000 nucleotides, are
produced by transcription of miRNA genes in the canonical route. Transcription factors control and
RNA polymerase II is required for this transcriptions [16]. Precursor miRNAs are created when the
Microprocessor complex, which is made up of the ribonuclease III enzyme Drosha and the RNA-
binding protein DiGeorge Syndrome Critical Region 8 (DGCRS), cleaves primary miRNAs in the
nucleus. With a length of roughly 70 nucleotides [17-19], these hairpins are shorter. Exportin-5 is then
responsible for exporting precursor miRNAs from the nucleus to the cytoplasm [17]. Another
ribonuclease called Dicer converts precursor miRNAs into short, double-stranded, immature miRNA
in the cytoplasm [20]. The two strands are split in this step, and two of them (mature miRNA) are
drawn in by Argonaute (AGO) proteins to form the RNA-induced silencing complex (RISC), a
multiprotein complex [21,22]. Furthermore, the most well-known example of a non-canonical miRNA
biogenesis route that results in the synthesis of functional miRNAs is mirtrons, which are created in
a splicing-dependent and Drosha-independent manner through intronic region initiation [23,24].
Short introns with hairpin potential are spliced by the mirtron pathway to produce pre-miRNA
mimics [25].

By attaching to complementary sequences on mRNA, mainly in the 3'-UTR of the target mRNA
transcripts, miRNAs can change the production of proteins. This modifies the stability of target
mRNAs, resulting in translational inhibition and destruction [26]. After becoming a part of the RNA-
induced silencing complex, the mature miRNA attaches itself to its target mMRNA. The miRNA-RNA-
induced silencing complex, once attached to an mRNA, primarily through direct mRNA degradation,
facilitates the downregulation of the protein that the mRNA encodes [27]. Figure 1 summarizes the
above steps schematically.

An mRNA can have several binding sites for various miRNAs, while a single miRNA can target
multiple mRNAs. Moreover, a pathway known as a convergent pathway can be impacted at many
levels by related miRNAs [26]. A complex network including the interaction of miRNAs and mRNA
is essential for controlling biological processes and cellular pathways in both health and illness [28].

MiRNAs that circulate are those that leave cells and get into bodily fluids [29]. Ninety percent
of the miRNAs that are in circulation combine with proteins, such as high-density lipoprotein, Ago2
[30], and nucleophosmin 1 (NPM1) [31]. Exosomes are microvesicles generated from endosomes that
merge with the plasma membrane and secrete 10% of the circulating miRNAs [32-34]. MiRNAs must
be packaged, either in complexes with proteins or in exosomes, to prevent RNases from breaking
them down in bodily fluids. Through endocytic absorption, membrane fusion, or integration with
particular cell surface receptors, exosomes harboring miRNAs can reach nearby cells. This has the
ability to impact mRNA targets far from their source [35,36]. Circulating miRNAs in exosomes can
represent how the physiological and pathological state of the cell of origin influences the content of
exosomes [35]. As a result, non-invasive diagnosis and prognosis can be achieved using circulating
miRNAs.
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Figure 1. miRNA biogenesis and nuclear transport and gene regulation. A schematic graphic
illustrates the series of events leading to the maturation of miRNA and the function of miRNA in
regulating gene expression.

3. Umbilical Cord Blood miRNA in Relation to the Pathology and Physiology of Infants

For fetal monitoring and diagnosis, UCB can be a useful tool. By means of umbilical cord
puncture, prenatal diagnosis of fetal deformities and abnormalities can be made throughout
pregnancy [37]. Comparing umbilical cord puncture to other techniques, there are a number of
benefits. Analysis calls for shortened culture times and less complicated chromosomal preparation
techniques, and it is not constrained by the length of gestation [38]. The use of umbilical cord
punctures for prenatal diagnosis and screening has become indispensable. Thus, the diagnosis and
prognosis of several infant dysplasias are significantly impacted by the expression profile of miRNA
in UCB (Table 2). To Find out which miRNA is a valid biomarker, high-throughput sequencing,
miRNA microarray and RT-qPCR are the main technique used [39]. A thorough understanding of
the miRNA landscape in a particular tissue and sample type can be obtained by the use of high-
throughout sequencing, which makes it possible to analyze both miRNA expression and sequence
[40]. One of the earliest tools for the simultaneous profiling of many miRNAs was the microarray.
Notably, microarray is a semiquantitative technique that frequently needs further validation methods
like qPCR [41]. Gene expression profiling results are often validated using RT-qPCR, the gold
standard method for precisely measuring gene expression [42].

For certain neonatal diseases that are currently difficult to predict or grade accurately, such as
neonatal hypoxic-ischemic encephalopathy, late-onset fetal growth restriction, neonatal respiratory
distress syndrome and so on [43—45]. Thus, the use of UCB miRNA as a marker test is a promising
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approach, and this is both timely and simple. A diagram of UCB miRNA detection process is shown

in Figure 2.
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Figure 2. Fetal UCB samples is retrieved from its vein route and centrifuging the whole blood samples

to harvest plasma, serum or specific cells. Total RNA including miRNA is extracted from samples and
reverse transcribe the miRNAs which are effective disease indicators. After quantitative real-time
PCR (qPCR), comparison of the data with a control database allows prediction of whether a neonate
is sick or not.

3.1. Biomarkers of Normal Fetal Development

Every element of a healthy fetus’s development—including its weight, blood vessel formation,
and brain growth—is crucial. Recent research has unequivocally demonstrated that there are
substantial relationships between UCB miRNA patterns and development/health markers (Table 1).
Wang et al, reported that newborn cognitive and linguistic development may be evaluated later in
life by using the expression levels of miR-140-3p and miR-142-5p in umbilical cord white blood cells
as markers [46]. In vitro study provided supporting evidence, HCN-2 human neuronal cell line
growth is being promoted by the overexpression of miR-140-3p [47].

A child’s birth weight may serve as an indicator of the various ailments that will eventually
develop in maturity [48]. Shchurevska et al. reported that high positive connection between umbilical
cord plasma miR-210-3p and fetal mass. The presence of MiR-210-3p in umbilical cord plasma may
indicate the placenta’s functioning state, which regulates the fetus’s normal development and helps
determine whether or not the fetal weight is out of balance [49].

In the study of Brennan et al., it was investigated how miRNA was expressed in the umbilical
cord plasma samples of male and female newborns in good health. 1,004 miRNAs in all were found,
with 426 to 659 miRNAs found in each sample. Of these, 269 miRNAs were shared by all eight babies.
The miR-30e-5p, miR-10b-5p, miR-181a-5p, miR-16-5p, miR-191-5p, miR-22-3p, miR-26a-5p, miR-
92a-3p, miR-451a, and miR-486-5p are the ten most abundant miRNAs (i.e., highest average miRNA
expression across all samples). It should be mentioned that there is evidence linking brain
development to miR-146a-5p, miR-93-5p, miR-182-5p, miR-21-5p and miR-16-5p [50]. This suggests
that the five highly expressed miRNAs can be used as a biomarker of whether fetal brain
development is normal, which is helpful for prenatal diagnosis of fetal brain development and
tracking the brain development process of newborns. Adenylation and uridylation were the two most
common kinds of miRNA editing and 6 miRNAs, miR-204-5p, miR-128-3p, miR-9-5p, miR-218-5p,
miR-29a-3p, and miR-132-3p, were consistently uridylated and adenylated in female umbilical cord
plasma [51]. MiRNA stability is altered by uridylation and adenosylation editing, which modifies
miRNA gene regulation networks. For instance, a study of human miR-21, an oncogenic miRNA
associated with numerous human diseases, concluded that adenylation of miR-21 resulted in its
destabilisation [52]. In short, the 6 miRNAs listed above in the umbilical cord plasma of four healthy
female babies serve as a reference point for the analysis of umbilical cord plasma for miRNA profiling
and biomarker identification. These profiles can also be utilized as a basis for future comparative


https://doi.org/10.20944/preprints202408.0989.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 August 2024 d0i:10.20944/preprints202408.0989.v1

studies to identify biomarkers for complex birth or early developmental disorders. The results are
highly intriguing since they provide light on the little-known effects of sex on RNA editing and call
for more research, even if only a small number of miRNAs were differentially edited in females and
expression levels were minimal.

Table 1. MiRNA in UCB as fetal development biomarkers.

MiRNA UCB sample type Function Ref.

Ei;{jﬁ:gg Elrz Ecllhcczlllscord white Assessing cognitive and language development in infants later in life [46]
A bi ker of the functional f the pl helpi

miR-210-3p umbilical cord plasma b1c.)mar er of the unct.lona. status of the placent and helping to [49]
predict whether fetal weight is out of balance or not

miR-146a-5p

miR-93-5p miR- A biomarker of whether fetal brain development is normal and

182-5p umbilical cord plasma  helping for prenatal diagnosis of fetal brain development and [50]

miR-21-5p miR- tracking the brain development process of newborns

16-5p

3.2. Premature Birth

One established risk factor for different cardiovascular disorders in fetuses is premature birth.
In comparison to full-term infants, preterm babies have lower concentrations of pro-angiogenic
factors (VEGF, Angiopoietin-1, PDGF-AA, FGF-a, and FGF-b) in their umbilical cord plasma. On the
other hand, the umbilical cord plasma of premature newborns has higher expression levels of
angiostatic factors, such as thrombospondin-2 and endostatin. Peripheral blood mononuclear cells
(PBMCs) from preterm kids that circulate in UCB have considerably lower levels of miR-125, miR-
126, miR-145, miR-150, and miR-155 than healthy appropriate-for-gestational-age preterm babies [54].
These traditional miRNAs that may be involved in angogenesis-related processes (Angio-MiRs)
regulate angiogenesis in newborns following preterm delivery. This includes the development of the
cardiovascular system, various vascular endothelial growth factor receptor signaling pathways, the
cascade of mitogen-activated protein kinase (MAPK) signaling, calcium ion signaling, interactions
between endothelial cell receptors, the production of angiopoietic factors, cytokine expression, and
vascular inflammation and so forth [55]. The findings indicated that the aforementioned aberrant
miRNAs may have utility in the early identification of a poor cardiovascular prognosis in premature
newborns. Still, there are several restrictions on this study. It is unknown how these modifications’
expression levels correlate with the tissues’ true expression levels, particularly in the cardiovascular
system (myocardial and vascular). Understanding the biological impacts and mechanisms
underlying the changed expression will be aided by research conducted on peripheral tissues.

Neonatal respiratory distress syndrome (NRDS) newborns are mostly premature. Neonatal
pulmonary hyalinosis, is a condition in which a newborn experiences severe symptoms shortly after
birth, including increasing dyspnea and respiratory failure [56]. 90 premature infants with NRDS (56
cases of mild NRDS, including grades I and II, and 34 cases of severe NRDS, including grades III and
IV) and ninety premature infants without NRDS had their umbilical cord serum examined by Deng
et al. They discovered that miR-375 expression was significantly upregulated in NRDS neonates, and
that miR-375 expression was higher in NRDS class III-IV cases than in non-NRDS premature infants.
According to this study, elevated miR-375 has a reasonably good diagnostic accuracy for screening
newborns with NRDS and predictive value for the clinical outcomes of preterm neonates with NRDS.
This suggests a fresh target for developing NRDS diagnosis, prognosis, and counseling [57].
Nevertheless, the manner in which miR-375 contributed to the advancement of NRDS was not
examined. Future research on miR-375 should therefore support its clinical translational uses,
confirm its clinical significance, and conduct mechanistic studies on the role of miR-375 in the
development of NRDS.

3.3. Late-Onset Fetal Growth Restriction


https://doi.org/10.20944/preprints202408.0989.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 August 2024 d0i:10.20944/preprints202408.0989.v1

6

The failure to meet the fetal growth potential is known as fetal growth restriction (FGR) [58].
Long-term effects of late-onset FGR include reduced cognitive function, underdevelopment of the
brain, and inefficient dendritic growth [59-62].Finding novel FGR markers is an important problem
in fetal medicine because the current models, which rely solely on Doppler ultrasonography or on it
in conjunction with serological markers, have not shown to be reliable enough to make therapeutic
predictions [63-67].

In the umbilical vein plasma of late-onset FGR fetuses, there was an overexpression of miR-148b-
3p and miR-25-3p [68]. MiR-148b-3p in particular and miR-25-3p are linked to energy metabolism,
neural plasticity, and Schwann cell migration [69]. Consequently, combining relevant biomarkers
may improve the accuracy of late-onset FGR diagnosis. Current data indicates that the umbilical cord
plasma of late-onset FGR fetuses overexpressed both miR-132 and miR-185-5p. The overexpression
of miR-185-5p was inversely correlated with cerebroplacental ratio, while miR-132 was inversely
correlated with fetal birth weight [45,70]. Recently, it was reported that umbilical vein plasma from
late-onset FGR fetuses showed a considerable overexpression of miR-132-3p, miR-185-5p and miR-
25-3p. In light of the fact that these three miRNAs inhibit the fetus’s ability to synthesise or efflux
cholesterol and that cholesterol is linked to both fetal brain development and cardiovascular risk,
further research should be done to determine the potential therapeutic targets of miR 185-5p and
miR-25-3p, as well as ATP-binding cassette, subfamily G 4 (ABCG4) and sterol regulatory element
binding protein 2 (SREBP2) [71].

More recently, superb microvascular imaging (SMI) Doppler has recently surfaced, which is
encouraging. Results of placental insufficiency can be identified by measuring the peak systolic
velocity of the chorionic plate using a SMI Doppler technique. The examination of suspected late on-
set placental insufficiency with ultrasound placental assessment employing SMI Doppler seems to be
a helpful technique [72]. Thus, the combined use of miRNA sequencing and SMI Doppler can greatly
increase the accuracy of late-onset FGR diagnosis.

3.4. Neonatal Opioid Withdrawal Syndrome

Neonatals exposed to opioids during pregnancy run the risk of experiencing neonatal opioid
withdrawal syndrome (NOWS), which is caused by an abrupt cessation of intrauterine opioid
exposure. Typically, respiratory, gastrointestinal, autonomic, and neurological system regulatory
dysfunction is seen in newborns with NOWS [73-76]. Risk stratification would enable proactive
choices on the best course of clinical monitoring and therapies, as there are currently no diagnostic
methods that can accurately identify which infants would experience severe NOWS.

Mahnke et al. reported that NOWS severity may be predicted by miRNAs found in the umbilical
cord plasma of newborns exposed to opioids during pregnancy. Among the 5 miRNAs that indicate
the necessity for pharmaceutical intervention, the expression of miR-421, miR-584-5p and miR-128-
3p was found to be overexpressed, while the expression of miR-30c-5p and let-7d-5p was found to be
underexpressed in neonates who received pharmaceutical treatment as opposed to those who did
not. Of the five miRNAs associated with an extended hospital stay, let-7b-5p, miR-30c-5p and miR-
10b-5p, were underexpressed in neonates with length of stay greater than 14 days, while miR-421 and
miR-128-3p were overexpressed. Finally, a signature of three miRNAs (miR-30c-5p, miR-128-3p and
miR-421) that were predictive of both NOWS outcomes was incorporated in the final parsimonious
models [43]. Previous research has linked miR-128-3p, miR-421 and miR-30c-5p to the regulation of
inflammatory tone. For example, human leukocytes exposed to ambient particulates had higher
levels of miR-421, and this increase was connected with different gene expression of the inflammatory
signaling pathway [77]. The overexpression of miR-128-3p in human bone mesenchymal cells
intensified the pro-inflammatory cytokine release produced by tumor necrosis factor-a [78], while
the overexpression of miR-30c-5p in a human macrophage cell line resulted in a reduction in the
production of pro-inflammatory cytokine, IL-1 [79]. Furthermore, incorporating two miRNAs (miR-
584-5p, let-7d-5p) into the model of the requirement for pharmacologic therapy and two more
miRNAs (miR-10-5p, let-7b-5p) into the model of prolonged hospitalization resulted in an
improvement in predictive validity [43]. In conclusion, this study established the basis for the risk
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classification of newborns exposed to opioids using miRNAs extracted from the umbilical cord.
Furthermore, it is acknowledged that similar epigenetic pathways may be at play in both preterm
and NOWS, making it difficult to diagnose certain symptoms (such as breathing problems and poor
feeding) clinically. More comprehensive samples of full-term, late-preterm, and early-preterm
newborns should be used in future research to investigate the predictive power of miRNAs.

3.5. Neonatal Hypoxic-Ischemic Encephalopathy

Neonatal hypoxic-ischemic encephalopathy (HIE), which affects 1 to 6 out of every 1000 live full-
term babies, is still a major cause of long-term neurologic impairment and infant mortality [80]. A
latent window of reoxygenation, secondary injury, and original injury are all involved in HIE, a
multifactorial developing triphasic encephalopathy [81,82]. Immediate postpartum focused
treatment intervention may reduce morbidity in this susceptible group if newborns at risk of hypoxic-
ischaemic brain damage are identified early and promptly. the only known treatment for moderate
to severe hypothermia after birth—the initiation of therapeutic hypothermia within six hours after
birth [83].

Several studies have been conducted comparing UCB miRNA from infants who developed mild,
moderate and severe HIE, perinatal asphyxia without HIE (PA) and healthy controls. Finding a
potential biomarker to help identify newborns with HIE was their primary goal. In the study of
Looney et al.,, there were 19 infants with HIE (further categorized as 13 mild, 2 moderate, and 4
severe), 33 PA, and 18 healthy controls. The entire cord blood samples of infants suffering from
perinatal asphyxia show altered expression of miR-374a, which is further downregulated in infants
with HIE.A significant difference was not seen, though, when the HIE group was further split into
cases of mild, moderate, and severe HIE. In newborns with HIE compared to controls, miR-374a was,
in summary, the most significantly downregulated [84]. In addition to differentiating between a
newborn with prenatal asphyxia and an infant with HIE, the optimal biomarker for HIE should be
able to quickly ascertain the infant’s HIE grade. It should specifically differentiate between infants
with intermediate HIE who would benefit from therapeutic intervention and newborns with mild
HIE who do not require hypothermia therapy. Since miR-374a does not meet these criteria in the
current study, more research is necessary to ascertain the potential function this miRNA may have in
the pathophysiology of hypoxia ischemia injury. It was subsequently reported that severe neonatal
HIE at delivery is associated with higher levels of activin-A and its preferred receptor, activin-A
receptor type II b (ACVR2B). Infants with severe HIE showed a statistically significant rise of
ACVR2B, but not a significant elevation of activin-A. Therefore, miR-374a and its downstream target,
ACVR2B, may produce novel biomarkers for predicting the severity of HIE [85]. In a subsequent
study, 40 controls, 50 PA and 41 HIE (27 mild, 11 moderate and 3 severe) were included and reported
that infants with moderate/severe HIE showed a significant and persistent downregulation of miR-
181b and ubiquitin C-terminal hydrolase-L1 (UCH-L1) in total cord blood as compared to controls
and PA. A unique set of indicators, including MiR-181b and its downstream target UCH-L1, may be
therapeutically helpful in classifying HIE injury, especially in identifying infants with moderate or
severe HIE who are most likely to benefit from therapeutic hypothermia [86]. More recently, two
independent cohort studies of UCB from 160 infants (43 controls, 65 PA, and 52 HIE) corroborated
the downregulation expression of miR-374a in whole cord blood of newborns with HIE and the
downregulation of miR-181b with moderate and severe HIE. In this study, it was also observed that,
in comparison to healthy control infants, MiR-376¢-3p was likewise declining in newborns with PA.
Because miR-181b has strong negative predictive values of 99% and is quantitative rather than
subjective, it may be a valuable tool in the clinical arena [44]. Winkler et al. reported that asphyxiated
neonates showed significantly reduced expression levels of miR-331-5, miR-1285-5p, and miR-124-3p
in dried blood spots from UCB when compared to healthy controls. At the time of admission to the
neonatal intensive care unit, asphyxiated neonates requiring therapeutic hypothermia had
significantly higher expression of miR-30e-5p and significantly lower expression of miR-98-5p, miR-
34b-3p, miR-142-3p, miR-497-5p, and miR-338-3p. Infants with moderate-to-severe HIE who had a
poor long-term neurodevelopmental prognosis had significantly higher miR-145-5p levels at 48 hours
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[87]. MiRNA profiling exhibits potential as a biomarker for poor neurodevelopmental outcome,
hypothermia-requiring HIE, and neonatal asphyxia.lt will be necessary for future research to
investigate possible downstream targets of these miRNA to determine whether they are merely
observers or actively involved in the pathogenesis of hypoxia injury.

3.6. Neonatal Early Onset Sepsis

The third most frequent cause of infant fatalities is neonatal early onset sepsis (EOS), a systemic
infection [88]. In study of Ernst et al., miR-211-5p was the most upregulated miRNA of EOS compared
to controls, while miR-142-3p was the most downregulated miRNA identified from a sample of 41
neonates whose umbilical cord plasma miRNA was examined: 8 with EOS, 12 with suspected sepsis,
and 21 non-infected controls. The miRNA miR-211-5p was the most significantly overexpressed in
umbilical cord plasma in EOS patients [89]. Although their function in sepsis has not been thoroughly
investigated, miR-211-5p has been identified as a regulator of several cellular processes, including
angiogenesis [90], pathogenesis of cholesteatoma [91], maintenance of joint homeostasis [92], and
suppressing both ferroptosis and epilepsy [93]. Moreover, recent findings indicate that miR-142-3p
functions in cancer as a tumor suppressor or oncogene. MiR-142-3p can control a large number of
downstream genes by focusing on the cancer-related signaling pathway and epigenetic factor [94].
More research is required to determine the significance of miR-142-3p and miR-211-5p in sepsis.
These genes may be a crucial component of the diagnostic work-up for EOS and may assist
distinguish genuinely infected neonates from uninfected infants.

3.7. Atopicdermatitis

One prevalent long-term inflammatory illness that affects children is atopic dermatitis (AD).
Most cases resolve within the first few years of life, with up to 60% appearing during the first year of
life [95]. A number of anomalies in barrier function, such as changed lipid composition, less tight
junctions, changed protease activity, and changed antimicrobial activity, are seen in the skin of AD
patients [96]. It was reported that at one year of age, infants with AD have higher levels of miR-144
in their umbilical cord serum as compared to newborns without AD. Enhanced miR-144 triggers the
nuclear translocation of NF-kB p65 subunit, which can trigger the NF-xB pathway and raising
SERPINB4 and human (-defensin 2 (hBD-2) [97]. In a mouse model of allergen-induced acute skin
inflammation, SERPINB4, a recognized enhancer of cell proliferation and inhibitor of apoptosis, has
been demonstrated to play a significant role in the process [98]. In AD, hBD-2 and SERPINB4 play a
proinflammatory function. Despite the in vitro nature of this study’s limitations, these results suggest
that miR-144 may be able to lower the threshold for skin inflammation and offer some early
understanding of the factors that lead to AD in early life.

3.8. Childhood Obesity

Globally, there is an increase in childhood obesity, which has turned into a major issue [99,100].
In order to find biomarkers of a later-life obesity risk, Takatani et al. examined the serum miRNA
profiles from umbilical cord blood. Based on the body mass index (BMI) at age five and the time of
the adiposity rebound, the participating children were split into high- and low-risk groups for obesity.
The high-risk group had greater serum levels of miR-516-3p and miR-130a-3p compared to the low-
risk group. Conversely, the high-risk group had lower serum levels of miR-1260b, miR-4709-3p, and
miR-194-3p than the low-risk group [101]. This study showed that changed umbilical cord serum
miRNAs are associated with childhood obesity for the first time, and it suggests that these five
miRNAs may be novel biomarkers for predicting future obesity.

3.9. Pan-Cancer and Oncofetal miRNA

Rapid cell division, cellular flexibility, and a highly vascularized environment are characteristics
of embryonic development that are shared by tumor tissue. It is evident that different cancer types
exhibit both common and specific characteristics [102,103]. However, the underlying mechanisms
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that give rise to these characteristics remain elusive. Pan-cancer analysis offers a promising avenue
for elucidating the parallels and discrepancies between cancer kinds. By systematically describing
the various patterns seen in tumors and discovering biomarkers that are cancer-specific and cancer-
common, this approach can provide valuable insights into the pathogenesis of cancer [104].

In the study of Zhou et al., a thorough investigation was carried out to examine miRNAs in pan-
cancers and UCB (serum and plasma). It revealed that 9 serum miRNAs (miR-93-5p, miR-425-5p,
miR-223-3p, miR-20a-5p, miR-19a-3p, miR-25-3p, miR-20b-5p, miR-92a-3p and miR-19b-3p) and 8
plasma miRNAs (miR-584-5p, miR-409-3p, miR-21-5p, miR-210-3p, miR-20b-5p, miR-18a-5p, miR-
146a-5p and miR-106a-5p) were shown to be circulating oncofetal miRNAs, exhibiting consistent
expression patterns across pan-cancers and UCB. The capacity of circulating oncofetal miRNAs to
diagnose particular malignancies was validated using retrospective analysis. Furthermore, the
majority of oncofetal miRNAs were up-regulated in pan-cancer tissues, suggesting that they may
serve as both specific and broad-spectrum biomarkers for the early diagnosis of cancer [105].

Table 2. MiRNA in UCB as a biomarker for clinical treatment strategies, disease grading, diagnosis,

d0i:10.20944/preprints202408.0989.v1

and prognosis.

MiRNA UCB sample type Function Ref.
miR-125
miR-145 . - . .
miR-126 peripheral blood For early prediction of poor cardiovascular prognosis in [54]
miR-150 mononuclear cells preterm infants
miR-155
miR-375 umbilical cord serum A biomarker of screening NRDS class III-IV neonates [57]
miR-25-3p
miR-148b-3p . . Biomarkers to increase the late-onset FGR diagnosis’ [68,71]
. umbilical vein plasma ..
miR 185-5p precision
miR-132-3p
m¥R—185—5p umbsilical cord plasma Blon.la'rkers to increase the late-onset FGR diagnosis [45,70]
miR-132 precision
miR-421
miR-30c-5p Biomarkers of predicting the need for pharmacological
miR-584-5p umbilical cord plasma treatment in NOWS infants [43]
let-7d-5p
miR-128-3p
let-7b-5p
miR-421 . - T
miR-30c-5p umbilical cord plasma B10mar1.<ers for prediction of prolonged hospitalization in [43]
. NOWS infants
miR-128-3p
miR-10b-5p
miR-374a whole cord blood Plstmgu‘lshmg an infant with perinatal asphyxia from an [44,84]
infant with HIE
miR-181b whole cord blood Distinguishing an infant with moderate or severe HIE [44,86]
Distineuishi i th verinatal asphvi
miR-376¢-3p whole cord blood 1st1ngu.1s ing an infant with perinatal asphyxia or a [44]
healthy infant
Eiﬁjigigp dried blood spots Distingu‘ishing an infant with perinatal asphyxia or a [87]
. healthy infant
miR-331-5p
miR-30e-5p
miR-98-5p
miR-497-5p dried blood spots Biomarkers for hypothermia-requiring HIE [87]
miR-34b-3p

miR-338-3p
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miR-142-3p

miR-145-5p dried blood spots A biomarker for poor neurodevelopmental outcome [87]
miR-211-5p
miR-142-3p
miR-144 umbilical cord serum A biomarkers of predicting the early-life AD [97]
miR-516-3p

miR-130a-3p

miR-1260b umbilical cord serum Biomarkers to facilitate early detection of childhood obesity [101]
miR-4709-3p

miR-194-3p

miR-223-3p

miR-20b-5p

miR-92a-3p

miR-19a-3p

miR-425-5p umbilical cord serum
miR-25-3p
miR-93-5p
miR-20a-5p
miR-19b-3p
miR-106a-5p
miR-146a-5p
miR-584-5p
miR-18a-5p
miR-409-3p
miR-21-5p
miR-210-3p
miR-20b-5p

umbilical cord plasma Biomarkers of the diagnostic work-up for EOS [89]

As broad-spectrum/and specific biomarkers for cancer

105
detection [105]

umbilical cord plasma As broad-spectrum/and specific biomarkers for cancer [105]

detection

4. The Relationship between Neonatal miRNA Expression Profiles in Umbilical Cord Blood and
Maternal Gestational Status

Variations in the health attributes of the mother create distinct genetic, hormonal, and
biochemical environments for the growing embryo. Due to its disruption of the homeostatic control
of development, exposure to suboptimal maternal circumstances in the uterus, such as obesity and
gestational diabetes mellitus (GDM), is a risk factor for disease promotion in the child [106]. Given
their close relationship to the fetus, UCB may be a useful source of biomarkers for prenatal screening
and diagnostics. It is also a potential metric for evaluating the effects of the mother on the developing
fetus.

4.1. Maternal Obesity

Predisposes offspring to obesity and metabolic disorders when exposed to obese mothers in
pregnancy. Ghaffari et al., showed that the expression of fetal miRNA in umbilical cord serum is not
changed significantly in response to obesity exposure during pregnancy. However, Juracek et al.
reported that women with BMI greater than 25 had umbilical cord plasma containing five elevated
miRNAs (miR-450a-5p, miR-510-5p, miR-582-5p, miR-143-3p and miR-1203) [108]. Another study
reported that pregestational BMI of pregnant individuals and newborn body weight were positively
correlated. The whole fetal cord blood of overweight/obese pregnant women (BMI>25) expressed
higher levels of five C19MC miRNAs (miR-523-5p, miR-1323, miR-520a-3p, miR-516b-5p and miR-
516a-5p) than did normal individuals [109]. Primate- and placenta-specific miRNAs, or C19MC, are
among the biggest miRNA clusters expressed on human chromosome 19 [110]. Given that it has been
proposed that variations in C19MC miRNA expression patterns may serve as potential biomarkers
for pregnancy-related complications like intrauterine growth restriction (IUGR), gestational
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hypertension, and preeclampsia, this locus is significant for understanding the role of miRNAs in
overseeing fetal development [111,112]. To identify aberrant fetal development early on, these
differently expressed miRNAs may therefore be useful diagnostic indicators.

None of the significantly upregulated miRNAs in plasma and whole blood overlapped, which
is is perhaps related to the fact that plasma’s circulating cell-free miRNAs differ from whole blood’s.
Thus, combined whole cord blood and umbilical cord plasma diagnosis may allow more sensitive
prediction of abnormalities in fetal development in clinic.

4.2. Gestational Diabetes Mellitus

Common metabolic disease known as gestational diabetes mellitus (GDM) is typically detected
in the third trimester of pregnancy and goes away after delivery. Large fetuses for gestational age are
the result of an overabundance of glucose, fatty acids, and amino acids in GDM patients. Evidence
suggests that via modifying the amounts of SIRT1 and BCL2 mRNA, miR-181a can control the hepatic
insulin sensitivity, lipolysis, senescence, and mitochondrial function [113-115]. Marcondes et al.
reported that a GDM hyperglycemic intrauterine environment can encourage the downregulation of
miR-181a in newborns’ entire cord blood cells [116]. More recently, it was reported that miR-181a
regulates adipose tissue inflammation and differentiation and is strongly expressed in obese adipose
tissue [117]. Thus, miR-181a may be used as a useful biomarker for pediatric obesity.

5. MiRNA Expression Profiles from Umbilical Cord Blood Cell Lineages

Monocytes and lymphocytes make up the majority of the cellular component of UCB [118] such
as T lymphocytes, monocytes, granulocytes, stem and progenitor cells(CD34 cells). Some specific cells
in UCB are highly relevant to human physiological functions and these cells can regulate life activities
by adjusting the expression of miRNAs. For example, miR-142-3p compound enhances
radiosensitivity in human umbilical cord blood mononuclear cells through the suppression of
transmembrane glycoprotein CD133 expression. CD133 is regarded as a noteworthy cancer-
associated cell surface marker. Therefore, identifying the miRNA-142-3p-regulated markers in
CD133+ mononuclear cells and understanding how they function may aid in the development of
effective targeted therapies, enhanced diagnostic techniques, and improved prognostic assessment
[119].

The umbilical cord blood cells mostly express the miR-92, miR-223, miR-26a, miR-16 and miR-
142-3p. MiR-223 was the most prevalent miRNA, which is recognized as a myeloid-specific regulator
that plays a role in the differentiation of granulocytes [120]. Furthermore, MiR-223 has been shown
to be essential in controlling angiogenesis and hypoxia-induced tumor immunosuppression,
suggesting that it could be a promising new treatment target for hepatocellular carcinoma [121]. MiR-
223 was mostly expressed in CD34 cells, granulocytes, and monocytes, however, it was expressed 100
times less in T lymphocytes. Similar expression patterns were seen for and miR-26a, miR-16 and miR-
142-3p with granulocytes exhibiting the highest expression and CD34 cells exhibiting the lowest
expression. Conversely, in CD34 cells, miR-92 exhibited a transcript level that was at least two times
higher than in the other samples. Furthermore, in UCB CD34 cells, reduction of miR-214, whose
expression may enhance HSC survival, and up-regulation of miR-520h encouraged the differentiation
of hematopoietic stem cells (HSC) into hematopoietic progenitor cells (HPC) [122]. It is interesting to
note that the collection of 10 highly expressed miRNAs in CD34 cells included three members of the
oncogenic cluster miR-17-92 (miR-92, miR-20a and miR-19b). MiR-19b stimulates lung cancer cell
migration and multiplication [123]. MiR-20a is overexpressed in human ovarian cancer tissues and
improves the capacity for long-term cell proliferation and invasion [124]. MiR-92 plays a major
carcinogen in colon cancer [125].

A miRNA signature in umbilical cord blood stem and progenitor cells has been demonstrated
in recent research to be a possible biomarker of particular acute myeloid leukemia (AML) subtypes.
AML is a bone marrow stem cell cancer that often results in death. It is defined by the unchecked
growth of malignant marrow stem cells along with bleeding, anemia, and infection [126]. A cluster
of seven miRNAs, located in the q32 region of human chromosome 14 (miR-376a-3p, miR-136-5p,
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miR-377-3p, miR-654-3p, miR-495-3p, miR-381-3p, and miR-376c-3p) whose expression decreased
during the early stages of normal myelopoiesis but was significantly increased in a small set of AML,
is one of at least 15 miRNAs that have been found to be differentially expressed between the HSC
and HPC cell population. Remarkably, during the differentiation of hematopoietic stem cells into
unilineages, two new miRNAs, miR-4516 and miR-4739, whose functions and targets are still
unknown, had a distinct and unusual expression profile and were shown to be substantially elevated
in nearly all AML subsets. In certain leukemia characteristics, miR-22-3p, miR-29b-3p, miR-126-5p,
and miR-181 were found to be dysregulated [127]. These recently discovered miRNAs provide novel
candidate markers for AML diagnosis, prospective targets, and treatment approaches.

6. Exosomal miRNA in Umbilical Cord Blood

Exosomes are a type of extracellular vesicle (EV) that vary in dimensions from 40 to 160nm
[128,129]. Various signal molecules, including proteins, miRNAs, and mRNAs are contained in
exosomes, which facilitate intercellular communication [130-133]. Exosomes are secreted by a variety
of cell types [134], comprising dendritic cells, lymphocytes, platelets, red blood cells, and tumor cells
[135]. Blood, urine, cerebrospinal fluid, and milk are among the biological fluids that contain
exosomes [136-141]. An intracellular and intercellular communication system depends on exosomes.
For instance, Huang et al. found that there were differences in the expression of 65 exosomal miRNAs
between UCB and peripheral blood (PB)—46 of which were elevated and 19 of which were
downregulated. The majority of these miRNAs’ target genes were enriched in signaling pathways
linked to the neurological system, pregnancy, cancer, and cell motility. Exosomal miRNAs may
therefore play crucial roles in the molecular processes of UCB, indicating the potential uses of
exosomes in UCB as a treatment and diagnostic [142]. The majority of exosomes’ biological impacts
are due to their miRNA content, and variations in exosomal miRNA levels can influence how diseases
develop or worsen [143]. Subsequent research ought to concentrate on clarifying the process by which
recipient cells internalize miRNA and pinpointing the elements that promote effective cargo release.
Furthermore, to advance their translational application, large-scale techniques for biomolecule
loading and exosome isolation must be developed.

6.1. Preeclampsia

Preeclampsia is a pregnancy-related hypertension condition. It causes severe morbidity and
mortality in both mothers and perinatals and affects 2% to 8% of pregnancies worldwide [144].
Exosomal miR-125a-5p given by umbilical vein plasma has the potential to decrease the expression
of vascular endothelial growth factor A (VEGFA), which is responsible for identifying the reduction
of trophoblastic migration and angiogenesis by human umbilical vein endothelial cells in
preeclampsia. It suggests that miR-125a-5p has a role in the development of PE. Furthermore, a
potential biomarker of PE could be the difference in exosomal miR-125a-5p expression between UCB
samples of PE and normal pregnant women [145].

6.2. Endometrial Cancer Therapy

A class of malignant tumors of the epithelium that arise in the endometrium is known as
endometrial cancer (EC). The precise aetiology is not disclosed. Pan et al. examined how mesoderm-
specific transcript (MEST) mediated by exosomal miR-503-3p generated from human umbilical cord
blood mesenchymal stem cells (hUMSCs) affected human EC cells. miR-503-3p was directed towards
MEST. The biological activities of EC cells were inhibited by either decrease of MEST or
overexpression of miR-503-3p. EC cell growth was inhibited by hUMSC-derived exosomes, but the
inhibitory effect of the elevated miR-503-3p-modified exosomes on EC cell growth was more
pronounced. In nude mice, the anti-tumor impact of increased miR-503-3p, muted MEST, and
exosomes produced from hUMSCs was confirmed, which is highly advantageous for EC therapypy
[146].

6.3. Cutaneous Wound Healing
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Hu et al, reported that local UCB exosome implantation into mouse skin wounds led to
increased angiogenesis, decreased scar widths, and faster re-epithelialization.UCB exosomes have
the potential to stimulate fibroblast migration and proliferation in vitro, as well as augment
endothelial cells” angiogenic properties. Interestingly, miR-21-3p was discovered to be substantially
concentrated in UCB-Exos and functioned as a crucial mediator in the regulatory effects of UCB
exosomes through suppression of sprouty homolog 1 (SPRY1) and phosphatase and tensin homolog
(PTEN) [147]. Thus, UCB exosomes are significant plasma activity effectors that have the potential to
be a unique and effective soft tissue wound healing technique.

7. Conclusion and Future Perspective

MiRNAs in UCB are very promising biomarkers for indicating physiological states, disease
states, drug responses, development states, or health conditions, which can help in diagnosing,
classifying, and predicting diseases, prognosis, assessing the therapeutic efficacy and safety of drugs,
or providing personalized treatment plans for patients. This review highlights the role of UCB
miRNA as a biomarker for neonatal physiology, development and disease. We discussed miRNA
expression profiles in UCB cell lineages and summarized the connection between UCB neonatal
miRNA expression patterns and maternal gestational status. The healthy development and growth
of the fetus is a very important issue, and it is worthwhile for more researchers to study and examine
how miRNA functions in the route of gene expression, which can provide ideas for disease diagnosis
and drug development. Moreover, not only use miRNA alone, but future studies should also explore
the downstream genes and targets of UCB miRNAs and combine related miRNAs and proteins as
biomarker combinations to improve diagnostic accuracy. Notably, we found that individual miRNA
have indicated roles in different diseases. For example, miR-142-3p is a biomarker used in the EOS
diagnostic work-up and it is also a biomarker of hypothermia-requiring HIE [87,89], which is an
interesting phenomena and deserve further study of its signaling, perhaps revealing commonalities
across diseases. In addition, miRNAs in UCB exosomes and specific cells have rich biological
functions, and with the rapid development of biomedical engineering, valuable miRNAs will be truly
used in clinical applications in the future.
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