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Background: Neonatal respiratory distress syndrome
(NRDS) is a common respiratory disorder occurring in
premature infants, and some microRNAs (miRNAs) have
been demonstrated to play critical roles in NRDS pro-
gression. This study aimed to measure relative expres-
sion of miR-375 in infants with NRDS, and further evalu-
ate the clinical significance of miR-375 in predicting the
onset and clinical prognosis of NRDS in infants. Meth-
ods: This study collected umbilical cord blood from 180
premature neonates, including 90 neonates with NRDS
and 90 non-NRDS neonates. Quantitative real-time PCR
was used to detect relative expression level of miR-375.
The diagnostic value of miR-375 in screening NRDS neo-
nates from control neonates and its predictive accuracy
for clinical prognosis were evaluated by receiver operat-
ing characteristic analysis. The relationship of miR-475
with disease onset and clinical outcomes in NRDS infants
was assessed by univariate and multivariate logistic re-
gression analyses. Results: Relative miR-375 expression
was upregulated in NRDS neonates, and high levels of
miR-375 were observed in NRDS grade IlI-IV cases com-
pared to those early-stage neonates. miR-375 had rela-
tively high diagnostic accuracy to screen NRDS neonates
and was independently associated with NRDS onset in
infants. Moreover, relative miR-375 expression was up-
regulated in NRDS neonates with poor prognosis and
could independently predict the clinical outcomes of
NRDS neonates with considerable predictive accuracy.
Conclusion: Umbilical cord serum miR-375 is elevated
and associated with NRDS onset and clinical outcomes in
NRDS neonates. Thus, miR-375 may serve as a biomarker
for the diagnosis and prognosis of infants with NRDS.
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INTRODUCTION

Neonatal respiratory distress syndrome (NRDS), also
known as neonatal pulmonary hyalinosis, is where ad-
verse symptoms, such as progressive dyspnea and res-

piratory failure, develop soon after birth in a newborn
baby. It is mainly caused by the absence of pulmonary
surfactant (PS), leading to a progressive alveolar col-
lapse (Huo e al., 2020). PS refers to a complex lipopro-
tein secreted by lung alveolar type-II epithelial cells and
distributed on the surface of the molecular layer of al-
veolar fluid, which can reduce alveolar surface tension,
can maintain relative stability of the volume of both
large and small alveoli, and can prevent fluid in alveo-
lar capillaries from filtering out into the alveoli (Wang ef
al., 2021; Zhuo et al., 2021). NRDS newborns are most-
ly premature (Kaya e al, 2017; Liszewski et al., 2017).
Their clinical signs (such as dyspnea, moaning, cyanosis,
and the inspiratory triple concave sign) become very ob-
vious 6 hours after birth, and they even show symptoms
of irregular breathing, apnea, and respiratory failure (Li
et al., 2020d). Their incidence is correlated with gesta-
tional age, which increased with smaller size for gesta-
tional age (Sweet ¢ al., 2013). Besides, their mortality is
weight related, with a higher case fatality rate for lower
body weight (Qian e# a/, 2010). NRDS is a self-limited
disease, and those who can survive more than three
days have increased lung maturity and greater hope of
recovery (Han & Mallampalli, 2015). However, a number
of infants have complicated pneumonia (Zheng & Sun,
2020), which continues to worsen until infection control
improves. Infants with severe disease mostly die within
three days, with the highest case fatality rate occurring
on the second day after birth. Therefore, early prediction
of the risk of NRDS occurrence and early preparation
for prevention and treatment of NRDS are important to
improve the prognosis of premature infants.

MicroRNA (miRNAs) are a class of small non-cod-
ing RNAs that can modulate gene expression, mainly
through translational inhibition or degradation of mes-
senger RNAs (mRNA). miRNAs are stably present in
the body fluid environment. miRNAs with aberrant ex-
pression levels in different pathological conditions have
important indicative roles for disease initiation and pro-
gression, and are the basis for the development of more
and effective clinical biomarkers (Chen e al, 2019). An
important previous report has found that miR-375 can
regulate PS secretion in alveolar type-II epithelial cells by
affecting cytoskeleton reorganization (Zhang e al., 2010).
In addition, miR-375 also has the ability to regulate
trans-differentiation of rat alveolar epithelial cells (Wang
et al, 2013). Given that PS deficiency causes NRDS,
this study is reasonable to speculate that there is a link
between miR-375 levels and the disease occurrence of
NRDS.
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Therefore, the purpose of this study was to evaluate
the predictive value of miR-375 in the development of
NRDS and analyze the correlation between miR-375 lev-
els and neonatal clinical outcomes based on the analy-
sis of relative miR-375 levels in umbilical cord blood of
premature infants. This study will provide new biomark-
ers for ecarly diagnosis and disease prognosis of NRDS,
thereby improving the prevention, diagnosis, and treat-
ment of NRDS.

MATERIALS AND METHODS

Premature infants

This study was approved by the Ethics Committee of
Changyi Maternal And Child Care Hospital. A total of
180 premature infants born at Changyi Maternal And
Child Care Hospital, between 2016 and 2020, were in-
cluded in this study, including 90 newborns with NRDS
and 90 control newborns without NRDS. The diagnosis
of NRDS was mainly judged based on clinical symptoms
and imaging findings, including a respiratory rate of
more than 60 breaths/min, grunting, dyspnea, shottness
of breath, cyanosis, intercostal, subcostal or suprasternal
retraction, and bronchial congestion, reticular shadow
or white lung found by X-ray. Inclusion criteria were as
follows: (a) all participants were premature infants with
a gestational age of 25-36 weeks; (b) newborns with
NRDS fulfilled the diagnostic criteria for NRDS and (c)
control newborns did not present any clinical signs of
NRDS. Exclusion criteria were: (a) newborn was term
infant and/or (b) the newborn had other conditions that
cause difficult breathing, including congenital malforma-
tions of the heart and respiratory tract, intrauterine in-
fectious pneumonia, and meconium aspiration. Identi-
fication of group B streptococcal infectious pneumonia
(which is the most common intrauterine infectious pneu-
monia) was as follows: pregnant women had a history
of premature rupture of amnion, intrauterine infection or
odor of amniotic fluid, lung X-ray changes had different
degrees of fusion trend, the course of disease is different
from NRDS (newborns with the above manifestations

Table 1. Baseline characteristics of the included infants

were excluded from this study as they had the poten-
tial to have group B hemolytic streptococci), and group
B hemolytic streptococci are found in blood culture of
pregnant mothers and children, cervical and pharyngeal
swabs of pregnant mothers. The guardians of all par-
ticipating newborns signed informed consent forms. The
severity of NRDS was defined according to X-ray grad-
ing (Sawires et al., 2015). Grade I: the field brightness of
both lungs was markedly reduced, and evenly scattered
fine particles and reticular shadowing were visible; Grade
II: in addition to grade I change aggravation, bronchial
inflation signs appeared, extending into the mid outer
band of the lung field; Grade III: the lesions worsened,
lung field transillumination was more reduced, and the
heart margin and diaphragmatic surface were blurred;
and Grade IV: the whole lung field showed white lung,
and the bronchial inflation sign was more significant.
Mild NRDS included grade I and II (56 cases), and se-
vere NRDS included grade III and IV (34 cases).

Umbilical cord blood collection and serum preparation

Umbilical cord blood was collected rapidly when the
umbilical cord was interrupted from the end of the ma-
ternal parent. Then, serum samples were separated from
3ml of umbilical cord blood by centrifugation at low-
temperature and stored at —80°C for further use.

RNA extraction

Total RNA was extracted from the serum of NRDS
newborns and control newborns using TRIzol reagent
(Invitrogen; Thermo Fisher Scientific, Inc.). The purity
and concentration of the obtained RNA were evaluated
by NanoDrop 2000 (Thermo Fisher Scientific, Inc.) fol-
lowing the manufacturers’ instructions. When the optical
density (OD) ratio of A260/280 was close to 2.0, RNA
was used for further analysis.

Quantitative real-time PCR (qRT-PCR)

The obtained RNA was reverse transcribed into
cDNA using the PrimeScript RT Reagent Kit (TaKa-
Ra, Japan). SYBR green I Master Mix kit (Invitrogen,

Variables Controls (n=90) NRDS (n=90) P value
Gestational age (weeks) 30.94+3.36 30.82+3.45 0.858
mae;nder (males, n) 61678% 63 (70%) 0747
777I737i}th weight (g) 1933.07+381.01 1 922.64+381.05 0852
Maternal GDM 708% 17 (18.9%) 0028
mlsreralivery method
Vaginal 56 (622%) 51 (56.7%) 0.448
WE;esarean 34(378% 39 (43.3%)
V”Aicr)gar score
1m|n 7224135 5.02+1.69 <0001
5m|n 898099 6.47+1.56 <0001
NRDS grades
I - 24 (26.7%)
mlrlm - 32 (35.5%) -
mlrlrlﬁ - 25 (27.8%)
IV - 9 (10.0%)

GDM, gestational diabetes mellitus; NRDS, neonatal respiratory distress syndrome.
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Figure 1. Relative expression of miR-375 in NRDS and control groups.
(A) Relative miR-375 expression was higher in NRDS group than that in control group. (B) Relative miR-375 expression was higher in
premature infants with NRDS grade IlI-IV compared with that in neonates with NRDS grade I-Il. ***P<0.001 vs. Controls or neonates with

NRDS grade I-Il. NRDS, neonatal respiratory distress syndrome.

Carlsbad, CA, USA) on the 7900HT fast real-time PCR
system (Applied Biosystems, San Francisco, CA, United
States) was used for qRT-PCR, which was performed to
measure the relative expression of miR-375. The follow-
ing thermo cycling conditions were used for the qPCR:
95°C for 10 min, followed by 40 cycles of 95°C for
20 s and 60°C for 15 s, 72°C for 20 s. The cel-miR-39-
3p was used as the internal reference of relative miR-
375 expression. The primer sequences were: miR-375
forward, 5-GCCGAGTTTGTTCGTTCGGC-3’ and
reverse 5-CTCAACTGGTGTCGTGGA-3’; cel-miR-
39-3p forward, 5-UCACCGGGUGUAAAUCAGC-
UUG-3" and reverse, 5-AACGCTTCACGAATTT-
GCGT-3. Relative miR-375 expression was calculated
by 2-24¢ method (Livak & Schmittgen, 2001). All pro-
cedures were performed according to the manufactur-
ers’ instructions.

Record of neonatal outcomes

Clinical outcome at neonatal discharge was record-
ed and divided into two types. (a) Improved or cured
(favourable): after treatment, neonatal vital signs were
stable, neonatal respiratory symptoms and signs were
significantly reduced or disappeared, neonatal chest ra-
diograph manifestations were basically normal, and the
newborn could be separated from ventilator support
and oxygen therapy. (b) Give up or die (poor): neona-
tal treatment effects were unsatisfactory, neonatal vital
signs were unstable, newborns could not be separated
from ventilator support, newborns combined with se-
vete complications, and/or family members requested
abandonment of treatment resulting in neonatal dis-
charge or disappearance of vital signs, which in turn
declared clinical death, because of factors such as eco-
nomic conditions or prognosis.

Statistical analysis

Data analysis results were shown as mean £ SD or
number (percentage). All analyses were performed by
SPSS 22.0 (IBM Corp.) and GraphPad Prism 7.0 soft-
ware (GraphPad Software, Inc.). Comparisons between
two groups of measurement data were performed us-
ing Mann-Whitney U-test. Chi-square test was used
to analyze differences between categorical variables.
Receiver operating characteristic (ROC) analysis was
performed to analyze the ability of miR-375 to dis-
criminate between NRDS and control groups, and to
discriminate between NRDS neonates with favourable
and poor clinical outcomes. Logistic regression analy-

sis was used to evaluate whether miR-375 could pre-
dict NRDS onset in premature infants and to predict
clinical outcomes in NRDS neonates. P<0.05 indicat-
ed a statistically significant difference.

RESULTS

Baseline characteristics of the included infants

As shown in Table 1, there were no significant dif-
ferences between the control and NRDS groups in gesta-
tional age, gender, birth weight, and delivery method (all
P>0.05). Additionally, the NRDS group had more pre-
mature infants with maternal GDM (P=0.028), and lower
Apgar scores at 1 and 5 min (all P<0.001) than the con-
trol group. The number of premature infants with NRDS
grade I-IV was 24, 32, 25, and 9, respectively.

Differentially expressed miR-375 in the newborns
between NRDS and control groups

The relative expression of miR-375 was significantly
increased in the NRDS group compared with that in
the control group (P<0.001, Fig. 1A). The Fig. 1B re-
vealed that miR-375 relative expression in neonates with
NRDS grade III-IV was significantly higher than that in
neonates with NRDS grade I-II (P<0.001), suggesting
an association between miR-375 relative expression and
NRDS severity.

Sensitivity%

AUC: 0.917

20 Sensitivity: 82.22%
Specificity: 93.33%
Cutoff value: 0.375
0 T T T T

0 20 40 60 80 100
100% - Specificity%

Figure 2. ROC analysis results indicated that miR-375 had a high
diagnostic value to screen NRDS neonates from control neo-
nates with an AUC of 0.917.

AUC, area under the ROC curve; ROC, receiver operating charac-
teristic; NRDS, neonatal respiratory distress syndrome.
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Table 2. Risk factor analysis to predict NRDS onset in premature infants using logistic analysis

Variables Univariate analysis Multivariate analysis

OR 95% Cl P OR 95% Cl P

Gestational age 1.223 0.871-1.669 0.189 - - -
Vﬁéender 1.189 0.764-1.596 0.376 - - -
méirth weight 1.372 0.940-1.886 0.112 - - -
mlr\)laternal GDM 1.469 1.109-1.913 0.038 1.4”12 0.998-1.907 0059 7777777
WISeIivery method 1.171 0.913-1.447 0.166 - - -
Vrrlr\rpgar score-1 min 1.781 1.236-2.298 0.042 1.567 0.997-2.184 0052 7777777
mApgar score-5 min 2.033 1.437-2.739 0.024 1.§75 1.413-2.660 0032 7777777
777|;17‘1iR—375 2.408 1.601-3.228 0.003 2.253 1.579-2.995 0009 7777777

GDM, gestational diabetes mellitus; NRDS, neonatal respiratory distress syndrome; OR, odds ratio; Cl, confidence interval.
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Figure 3. Relative miR-375 expression was higher in NRDS neo-
nates with poor prognosis than that in NRDS neonates with fa-
vourable prognosis.

***p<0.001 vs. NRDS neonates with favourable prognosis. NRDS,
neonatal respiratory distress syndrome.

Early diagnostic performance of miR-375 to predict
NRDS onset in premature infants

The results of ROC analysis shown in Fig. 2 dem-
onstrated that miR-375 had high diagnostic accuracy in
distinguishing NRDS neonates from controls, with an
area under the ROC curve (AUC) of 0.917. The results
of the logistic analysis of risk factors predicting NRDS
onset in premature infants were presented in Table 2.
Univariate logistic analysis results demonstrated that ma-
ternal GDM, Apgar score-1 min, Apgar score-5 min and

miR-375 were related to the onset of NRDS in prema-
ture infants. Significant baseline variables from univariate
analysis were included in the multivariate analysis. Multi-
variate analysis results demonstrated that Apgar score-5
min [odds ratio (OR)=1.975, 95% confidence interval
(CD)=1.413-2.660, P=0.032] and miR-375 (OR=2.223,
95% CI=1.579-2.995, P=0.009) could independently pre-
dict the onset of NRDS in premature infants.

Aberrantly expressed miR-375 in NRDS newborns with
different clinical outcomes

As presented in Fig. 3, miR-375 relative expression
was significantly increased in NRDS neonates with poor
clinical outcomes compared to that in NRDS neonates
with favourable clinical outcomes (P<0.001).

Predictive value of miR-375 for the clinical outcomes of
NRDS newborns

Logistic analysis was performed to analyze the risk
factors for predicting the clinical outcomes of NRDS
neonates, and the results were shown in Table 3. Ap-
gar score-5 min, NRDS grades and miR-375 were found
to be associated with the clinical outcomes of NRDS
newborns using univariate logistic analysis. Significant
variables from univariate analysis were then included
in the multivariate analysis. Further multivariate logis-
tic analysis results indicated that Apgar score-5 min
(OR=1.373, 95% CI=1.087-1.734, P=0.042), NRDS
grades (OR=1.976, 95% CI=1.323-2.616, P=0.013) and
miR-375 (OR=2.074, 95% CI=1.467-2.728, P=0.002)

Table 3. Risk factor analysis to predict clinical outcomes of NRDS neonates using logistic analysis

Univariate analysis

Multivariate analysis

Variables

OR 95% Cl P OR 95% Cl P
Gestational age 1.212 0.784-1.773 0.335 - - -
Gender 1.130 0716—1 579 0.467 . - -
Birth weight 1.278 0843—1763 0.128 . - -
Maternal GDM 1.396 0912—1561 0.111 - - -
Delivery method 1.223 0763—1 698 0.306 . - -
Apgar score - 1 min 1.389 0982—1561 0.060 . - -
Apgar score — 5 min 1.406 1121—1884 0.039 17:373 1.087-1.734 0.042
NRDS grades 1.983 1379—2678 0.009 17:7976 1.323-2.616 0.013
miR-375 2.108 1566—2874 < 0.001 2074 1.467-2.728 0.002

GDM, gestational diabetes mellitus; NRDS, neonatal respiratory distress syndrome; OR, odds ratio; Cl, confidence interval.
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Figure 4. ROC analysis results showed that miR-137 had ability
to differentiate between NRDS newborns with favourable and
poor prognosis (AUC=0.868).

AUC, area under the ROC curve; ROC, receiver operating charac-
teristic; NRDS, neonatal respiratory distress syndrome.

could independently predict the clinical outcomes of pre-
mature infants with NRDS. Figure 4 indicated that miR-
137 had a high ability in differentiating NRDS neonates
with favourable and poor clinical outcomes with an
AUC of 0.868. At a cutoff value of 0.625, the sensitivity
and specificity were 81.25% and 82.76%, respectively.

DISCUSSION

Correlation studies between miRNAs and diseases,
including NRDS, have emerged but are less well stud-
ied. For example, miR-4319 is reduced in thyroid can-
cer tissues and cells, and suppresses the development
of thyroid cancer (Bian, 2020). miR-25-3p can mitigate
myocardial infarction (Peng e# al., 2020). Zhang and oth-
ers (Zhang et al., 2021) have found that miR-296-5p is
increased in premature infants with NRDS and its in-
crease can inhibit the secretion of PS in pulmonary ep-
ithelial cells. A study by Song and others (Song ez al.,
2018) has shown that miR-216a-3p downregulation can
cause differentiation of bone marrow mesenchymal stem
cells into type-II alveolar epithelial cells, thus attenuating
NRDS. This study found that relative miR-375 expres-
sion was markedly upregulated in NRDS newborns and
NRDS newborns with advanced NRDS grades. In addi-
tion, miR-375 has been shown to exert a role in other
diseases, such as nasopharyngeal carcinoma (Jia-Yuan
et al., 2020) and inflammatory bowel disease (Wu 7 al.,
2019). Thus, miR-375 may be correlated with the pro-
gression and disease severity of premature infants with
NRDS.

Confirmation of dependable biomarkers with high
sensitivity and specificity is of significant clinical value
for early detection and treatment outcome prediction in
NRDS. Numerous studies have indicated that miRNAs
serve as promising biomarkers for various diseases. For
instance, miR-1204 has been shown to serve as a diag-
nostic and prognostic biomarker in breast cancer (Han
et al., 2020). Circulating miR-1 is found to be a new
biomarker for the diagnosis and prognostic prediction
of acute myocardial infarction (AMI) (Liu ez al., 2020).
miR-21 and miR-210 can function as novel biomarkers
for colorectal cancer diagnosis and prognosis (Li ez al,
2020a).

Considering the high expression of miR-375 in NRDS
newborns, especially those with higher NRDS grades, we
further analyzed its clinical function in NRDS. Currently,
no study has reported the role of miRNAs for predicting

the occurrence as well as the prognosis of NRDS. How-
ever, the clinical value of miRNAs has been reported in
lung diseases and/or tespiratory diseases. For instance,
serum miR-1228-3p and miR-181a-5p can function as
diagnostic and prognostic biomarkers for non-small cell
lung cancer (Xue e al., 2020). miR-125b can predict the
risk and prognosis of acute respiratory distress syndrome
in sepsis patients (Li e/ al, 2020c). This study used ROC
analysis and logistic regression analysis to investigate the
ability of miR-375 to predict NRDS onset and NRDS
prognosis in premature infants. The results indicated
that miR-375 had a high diagnostic value for screening
NRDS neconates from control neonates and was inde-
pendently correlated with the onset of NRDS. Thus,
miR-375 may serve as an independent biomarker in pre-
dicting NRDS onset in premature infants. Then, relative
miR-375 expression was upregulated in NRDS newborns
who had poor clinical outcomes and was an independent
biomarker for predicting the clinical outcome of NRDS
neonates. In addition, miR-375 has been reported to
function as a biomarker for other diseases. For example,
miR-375 can serve as a diagnostic biomarker for AMI
(Ali Sheikh, 2020) and a prognostic biomarker for small
cell lung cancer (Li ef al, 2020b). In addition, it can be
used as a diagnostic and prognostic biomatrker for med-
ullary thyroid carcinoma (MTC) (Censi e al, 2021).
Thus, miR-375 may be a biomarker for the diagnosis
and clinical prognosis of NRDS.

A study has revealed the inhibitory effect of miR-375
on PS secretion (Zhang et al., 2010). Additionally, miR-
375 is found to be associated with vitamin D, which is
a well-documented risk factor for the onset of NRDS
(Provvisiero et al., 2019). The above studies may illustrate
the cause of aberrant expression of miR-375 in NRDS
and its role in predicting the occurrence of NRDS. In
addition, miR-375 has the ability to regulate lung epi-
thelial cell differentiation and proliferation (Cheng 7 al.,
2017), and it also has a significant effect on the activ-
ity of pulmonary microvascular endothelial cells (An ez
al., 2020). The above studies illustrate that there is also
a potential link between miR-375 and the disease course
after NRDS disease onset, possibly explaining the im-
portant finding that miR-375 predicts clinical prognosis
of NRDS neonates. In addition, it is worth noting that
maternal GDM was found to be associated with NRDS
onset in infants by logistic analysis, which is consistent
with a previous study (Li ez @/, 2019). Thus, impaired
blood glucose during pregnancy should be diagnosed in
tme.

However, there were some limitations. First, the study
sample was small, and a large sample is needed in fu-
ture studies. Second, the mechanism by which miR-375
was involved in NRDS progression was not investigated.
Thus, future studies on miR-375 should include mecha-
nistic studies on the involvement of miR-375 in the pro-
gression of NRDS, in addition to further validating its
clinical significance and promoting its clinical translation-
al applications. It has been reported that miR-375 plays
a role in asthma by targeting yes-associated protein 1
(YAP1) (Zhao e al, 2020). Additionally, miR-375 can
modulate human non-small cell carcinoma cells func-
tion via targeting human epidermal growth factor recep-
tor 2 (HER-2) (Cheng ¢# al., 2017). Thus, the mechanism
may be that miR-375 plays a role in NRDS by targeting
YAP1 or HER-2, which needs to be studied in a future
study. Notably, clinically administering glucocorticoids to
mothers at risk of preterm delivery can induce lung mat-
uration in preterm fetuses and prevent the development
of respiratory distress syndrome. A study has assessed
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the effect of prenatal dexamethasone (a type of gluco-
corticoids) administration on the miRNA expression
profile in rat lung tissues (Yu e# al, 2016). Thus, we will
study how prenatal steroid therapy affects the expression
of miR-375 in the umbilical cord blood of human neo-
nates in our future studies.

In conclusion, the findings of this study indicate that
umbilical cord serum miR-375 is elevated in premature
infants with NRDS. High miR-375 has relatively high di-
agnostic accuracy to screen NRDS neonates and predic-
tive value for the clinical outcomes of premature NRDS
neonates. Thus, our study data may provide a novel tar-
get to develop the diagnosis, prognosis, and therapy of
NRDS.
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