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Abstract

Introduction: Preterm delivery (PTD) is the leading cause of death in children under
5years of age. Cervical shortening detected by ultrasound can be used to predict PTD,
but prediction is not perfect, and complementary diagnostic markers are needed.
Recently, specific plasma microribonucleic acid (miRNAs) detected in early second tri-
mester were shown to be associated with spontaneous PTD in high-risk women with
a singleton pregnancy. The aim of this study was to explore to what extent these miR-
NAs are associated with spontaneous PTD and cervical length in a general population.
Material and Methods: This study is a nested case-control study within the CERVIX
study. The CERVIX study evaluated the ability of cervical length screening with trans-
vaginal ultrasound to identify women at risk of PTD. In the present study, women
who delivered spontaneously <34 weeks (n=61) were compared with a control group
of women who delivered at full term (39 +0 to 40+ 6 gestational weeks, n=205).
Archived serum samples were analyzed with RT-gPCR for miRNA expression levels
of let-7a-5p, miR-150-5p, miR-15b-5p, miR-185-5p, miR-191-5p, miR-19b-3p, miR-
23a-3p, miR-374a-5p, and miR-93-5p. The mean relative expression was compared
between the groups. Sub-analyses were performed for women delivering <32, <30,
and <28 weeks vs the full-term group.

Results: The analyzed miRNAs were not significantly differentially expressed in
women delivering <34 weeks compared to those delivering at full term. MiR-191-5p
and miR-93-5p were significantly overexpressed in women who delivered <32 weeks,
and further increase in fold change was observed with decreasing gestational age
at delivery. The level of miR-15b-5p was significantly higher in women delivering at

<30weeks compared to those delivering at full term.

Abbreviations: Cx1, cervical length measurement at 18-20 gestational weeks; Cx2, cervical length measurement at 21-23 gestational weeks; miRNA/miR, microribonucleic acid; mRNA,
messenger ribonucleic acid; PTD, preterm delivery.
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spontaneous PTD.
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1 | INTRODUCTION

Globally, 13.4 million babies were estimated to be born preterm
(<37 +0weeks of gestation) in 2020 with an occurrence ranging
from 5% to 6% in northern Europe to 16% in some Asian countries.!™
Preterm delivery (PTD) accounts for more than 1 million perinatal
deaths annually and is the leading cause of death under 5years of
age.* % Both the risk of death and long-term impairment, including
neurologic and developmental disabilities, are inversely related to
gestational age at birth.”®

Spontaneous PTD is a complex syndrome with multiple etiolo-
gies,9 and large parts of its pathophysiology are still insufficiently
understood.® Cervical remodeling is essential in the parturition
process and is associated with an inflammatory response including
upregulation of prostaglandins, chemokines, cytokines, inflamma-
tory cell infiltration, and an increased matrix metalloproteinase
activity.*! This process of cervical ripening can anticipate labor by
several weeks'? and can be observed as cervical shortening with
transvaginal ultrasound. A short cervix (often defined as <25 mm),
as measured by transvaginal ultrasound in the second trimes-
ter, is associated with increased risk of spontaneous pTD3-18
in both low- and high-risk singleton pregnancies.19 Therefore,
universal second-trimester cervical length screening with trans-

d?° and shown to be cost-

vaginal ultrasound has been propose
effective in several cost-effectiveness ana1|yses.21'25 However,
cervical length screening is expensive and requires ultrasound
expertise. Moreover, the ability of cervical length to discriminate
between women who deliver preterm vs at term is at best mod-
erate.”?> |t would be economically and practically advantageous
if there was an easily accessible biomarker to predict spontan-
eous PTD that could be used as a complement to cervical length
measurement.

Microribonucleic acids (miRNAs) are small, single-stranded, non-
protein-coding RNAs with an important posttranscriptional gene-
regulating function. Most miRNAs predominantly repress gene
expression by inhibiting the translation of target messenger ribonu-
cleic acids (mRNAs), and they are estimated to regulate up to 60%
of the human genome expression.?®?” The expression of miRNAs
differs between tissue types and tends to show significant modifica-
tion in response to pathological processes. Additionally, miRNAs are
shed into the circulation where they remain stable and measurable.

Conclusions: Our study shows that overexpression of miR-93-5p, miR-15b-5p, and
miR-191-5p in serum at early gestation is associated with spontaneous PTD in a gen-
eral population. Further research is needed to evaluate the potential of these miRNAs

as future biomarkers for spontaneous PTD, as well as their pathophysiological role in

cervical length measurement, gene expression profiles, maternal serum screening tests,
MicroRNA, preterm birth

Key message

Preterm birth is the leading cause of death in children
under 5years of age. Improved diagnostic tools to identify
women at increased risk of spontaneous preterm delivery
are needed. Specific microRNAs show promise as possible

biomarkers.

This highlights their potential as diagnostic and prognostic biomark-
ers in a variety of diseases.?®?’

Cook et al. recently reported an association between the ex-
pression of nine specific miRNAs in plasma (let-7a-5p, miR-374a-5p,
miR-15b-5p, miR-19b-3p, miR-23a-3p, miR-93-5p, miR-150-5p, miR-
185-5p, and miR-191-5p) and spontaneous PTD <34 +0 gestational
weeks (weeks) in a high-risk population of singleton pregnancies.
The samples were taken as early as 12weeks of gestation, empha-
sizing their potential as early biomarkers of spontaneous PTD.%° This
could allow for earlier detection and intervention in those at risk of
spontaneous PTD and potentially improve neonatal outcomes. With
this as a background, the aim of this study is to evaluate the associa-
tion between these nine miRNAs, cervical length, and spontaneous
PTD in a general population with singleton pregnancies including
those at low risk of PTD.

2 | MATERIAL AND METHODS

2.1 | Study design

The study is a nested case-control study within the CERVIX study,
a prospective observational blinded multicenter study conducted at
six university hospitals and one regional hospital in Sweden between
2014 and 2017. The aim of the CERVIX study was to investigate the
ability of cervical length as measured with transvaginal ultrasound in
the second trimester in an unselected population of women with a sin-
gleton pregnancy to correctly discriminate between those delivering
preterm vs at full term (39+0 to 40+6weeks). The study population
consisted of 11072 women with transvaginal cervical length measure-
ment at 18 +0 to 20+ 6 weeks (Cx1), 6288 women with cervical length



WIKSTROM kT AL.

measurements at 21+0 to 23+ 6éweeks (Cx2), and 6179 women with
measurements taken at both Cx1 and Cx2, all with complete deliv-
ery data (https://doi.org/10.1186/ISRCTN18093885). The details of
the CERVIX study have been described in a previous publication.!” In
short, asymptomatic women (i.e., without signs of preterm labor) with
a singleton pregnancy were consecutively recruited to the CERVIX
study at their routine second-trimester fetal ultrasound examination,
which included fetal biometry for estimation of gestational age and
fetal anatomy scanning. Those 218 years old with a live singleton preg-
nancy between 18+0 and 20+ 6weeks were invited to participate.
Gestational age was estimated on the basis of ultrasound measurement

3132 or on the day of embryo transfer

of the fetal biparietal diameter,
in case of in vitro fertilization according to Swedish guidelines (https://
www.sfog.se/media/336451/fetometri.pdf). Women with fetal mal-
formations detected at the ultrasound scan, ruptured membranes,
symptoms or findings indicating ongoing miscarriage, current use of
progesterone or cerclage in situ, and difficulties with understanding
written or oral information about the study were not included in the
study. Women with missing information about pregnancy outcomes
were also excluded.

Transvaginal cervical length measurements were performed by
specially trained midwife sonographers. They were certified to per-
form transvaginal cervical length measurements after standardized
theoretical and practical training, and after having passed a theoretical
and practical test. Cervical length was measured with the study par-
ticipants in the lithotomy position with an empty urinary bladder. The
measurement results were recorded in a web-based electronic case
record form (MedSciNet AB, Stockholm, Sweden, www.medscinet.se)
together with standardized anamnestic information obtained from the
women at enrollment. Details about training, certification, measure-
ment procedure, and quality control of the cervical length measure-
ments have been described in a previous publication.® Cervical length
results presented in this study are the shortest of three measurements
of endocervical length taken during at least 3min.

In Sweden, most pregnant women undergo serological screening
for human immunodeficiency virus (HIV), syphilis, and hepatitis C in
early pregnancy (between 10 and 14 weeks of gestation) as recom-
mended by the National Board of Health and Welfare.®* Serological
samples taken for screening for infectious diseases during preg-
nancy are routinely stored in a biobank for retrospective analysis
if clinically indicated, and for research purposes when possible.®®
The Regional Ethical Committee in Gothenburg approved the use
of the saved serological samples for those who participated in the
CERVIX study at Sahlgrenska University Hospital in Gothenburg and
Skane University Hospital in Lund-Malmé and who gave birth before
34 +0weeks, as well as for a control group of women who gave birth
at full term (39 + 0 to 40 + 6 weeks).

2.2 | Reference standard and group composition

The reference standard was gestational age at delivery based on
fetal biometry (see above). Our primary outcome was spontaneous

PTD <34 +0weeks (including late miscarriage occurring after inclu-
sion in the study, i.e., spontaneous delivery at 18 +0 to 21 + 6 weeks
of a fetus showing no signs of life). Our secondary outcomes were
spontaneous PTD <32 +0weeks, spontaneous PTD <30+0weeks,
and spontaneous PTD <28 +0weeks. A PTD was defined as sponta-
neous either after spontaneous onset of labor or after preterm pre-
labor rupture of membranes, the latter regardless of whether labor
was induced or not. The diagnosis of spontaneous PTD in the index
pregnancy was validated by scrutiny of medical records. For each
case of spontaneous PTD or late miscarriage, three controls were
selected.®® The controls were chosen using simple random selection
of women who had completed the study with spontaneous start of
delivery at 39+0 to 40+ 6 gestational weeks, either after sponta-
neous onset of labor or after prelabor rupture of membranes. The
interval of 39+0 to 40+ 6 weeks was chosen because delivery at
early term, as well as at late term and postterm, is associated with a

slightly higher risk of complications.®”=#*

2.3 | Clinical data collection

Information about maternal characteristics was retrieved from three
Swedish national health registers hosted by the Swedish National
Board of Health and Welfare (www.socialstyrelsen.se), as well as
from the electronic case record form (standardized anamnestic in-
formation obtained from the women at enrollment). The procedure
has been described in previous publications.ﬂ'19 Information about
pregnancy outcomes was obtained from the Swedish Pregnancy
Register (www.graviditetsregistret.se), a Swedish national quality
register.*? If delivery data were missing in the Swedish Pregnancy
Register, medical records were scrutinized. If no information was
found in the records, the participants were contacted by mail or

telephone.

2.4 | Statistical analysis of clinical data

We present results as mean, standard deviation, and standard error
of the mean, or as median, interquartile range, minimum, and maxi-
mum for continuous variables. For categorical variables, we present
results as numbers and percentages. The Statistical software SAS
System Version 9.4, SAS-Institute, Cary, NC, USA, was used for

analyses.

2.5 | Serum sample collection

Blood samples were collected between 2014 and 2017. They were
taken at the antenatal care clinic at gestational weeks 10 to 14 and
were handled according to clinical routine for screening of HIV,
syphilis, and hepatitis C as recommended by the Swedish National
Board of Health and Welfare.>* After collection, blood samples were
stored in a refrigerator and centrifuged on the same day (800xg,
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10min, 4°C) to obtain serum. Thereafter, aliquots of serum were fro-

zen and stored at -20°C in a biobank until analysis.

2.6 | RNA isolation and real-time quantitative
polymerase chain reaction for miRNA expression
and quantification

Samples were prepared for analysis in 2022. After thawing, the
serum was centrifuged (12000xg, 15min at room temperature) to
remove cell debris and precipitates. The risk of hemolysis in serum
samples was assessed by measuring the absorbance of hemoglobin
using spectrophotometry at 414 nm (Thermo Scientific™ NanoDrop™
2000).4° Cell-free RNA from serum (100-200puL) was prepared
with Quick-cfRNA™ Serum & Plasma Kit (catalog No. R1059, Zymo
Research, Irvine, USA). RNA was reversed transcribed to cDNA by
using miRCURY LNA RT kit (catalog No. 339340, Qiagen, Hilden,
Germany). Quality control spike-ins were used to monitor RNA
extraction (cel-miR-254-3p; Integrated DNA Technologies BVBA,
Leuven, Belgium) and cDNA synthesis (UniSpé; Qiagen, Hilden,
Germany) efficacy.3° The RT-gPCR was performed using miRCURY
LNA miRNA Custom PCR Panels (catalog No. 339330, Qiagen,
Hilden, Germany), and miRCURY LNA SYBR Green PCR Kit and ROX
dye as areference (Catalogue No. 339347, Qiagen, Hilden, Germany)
on QuantStudio 7Pro PCR machine (Applied Biosystems, Waltham,
USA). Custom PCR panels consisted of primers for let-7a-5p, miR-
150-5p, miR-15b-5p, miR-185-5p, miR-191-5p, miR-19b-3p, miR-
23a-3p, miR-374a-5p, miR-93-5p, cel-miR-254-3p, UniSpé, and
UniSp3 (interplate control).

2.7 | RT-gPCR data analysis

The LinRegPCR program v2017.1%4 was used to determine quantifi-
cation cycle (Cq) values and amplification efficiencies for all miRNA
targets. Preprocessing of Cq data consisted of normalization to
the interplate control (UniSp3), RNA extraction control (cel-miR-
254-3p), and the reverse transcription control (UniSpé). To evaluate
the miRNA expression, Cq values of target miRNAs were used to
obtain relative expression to endogenous controls (274Ca),

The two endogenous miRNA controls were identified from the
nCounter assay data by Cook et al.?° using NormFinder* which in-
corporates the inter- and intragroup variances and calculates the
stability value per miRNA target as a measure of expression stability.
It also identifies the best combination of miRNA targets to provide
the highest stability.

2.8 | Statistical analysis of serum miRNA
expression

Values obtained from the PTD cases and controls were subsequently
used for univariate analyses with a non-parametric Mann-Whitney

U-test (two tailed) to compare the mean relative expressions be-
tween the groups. A p-value of <0.05 was considered statistically
significant.

To test whether hemolysis influenced the results of the miRNA
expression analyses, we performed interaction analyses using linear
regression. The miRNAs were used as the dependent variable one at
a time, and spontaneous PTD/full-term delivery, hemolysis, and an
interaction term between spontaneous PTD/full-term delivery and
hemolysis were used as independent variables.

The correlation between the normalized miRNA expression
values and cervical length was calculated using Spearman's rank
correlation.*® Correlation was tested both for cervical length as
a continuous variable and for specific cut-offs from <25mm and
<30mm. The correlation between the normalized miRNA expres-
sion values and gestational age was also tested using Spearman's
rank correlation.*® A p-value of <0.05 was considered statistically
significant.

All statistical analyses were performed using SAS 9.4 (SAS-
Institute, Cary, NC, USA).

3 | RESULTS

3.1 | Patient characteristics and clinical outcomes
A flowchart showing the study design and study population is pre-
sented in Figure 1. We included 61 women with spontaneous PTD
(<34 +0weeks) and 205 women with spontaneous full-term de-
livery (39 +0 to 40+ 6weeks). Maternal characteristics are shown
in Table 1. About 90% of the women were of white ethnicity and
the majority had at least 12years of education. The proportion of
women with an educational level <12years, low socioeconomic sta-
tus, and a previous spontaneous PTD were higher in the preterm
group compared to the term group. None of the included women
had undergone cervical conization. Characteristics regarding preg-
nancy, delivery, and neonatal outcomes are described in Table 2.
The mean gestational age at delivery was 31+ 3weeks in the pre-
term group and 40+ O0weeks in the term group. No woman in either
group had a redeemed prescription of progesterone or had a cer-
clage inserted after inclusion in the study. Maternal characteristics
and pregnancy outcomes for women who gave birth spontaneously
at <32+0weeks (n=27), <30+0weeks (hn=17), and <28+ 0weeks
(n=8) are also shown in Tables 1 and 2.

Cervical length at 18+0 to 20+6weeks (Cx1) and 21+0 to
23+ 6 weeks (Cx2) are shown in Tables S1 and S2. At Cx1, the cer-
vix was shorter in the preterm groups (mean 32.7 mm at <34 weeks,
mean 32.1mm at <32 weeks, and mean 32.8 mm at <30weeks) than
in the term group (mean 35.4mm) and was shortest in those who
gave birth at <28+0weeks (mean 30.4mm). The corresponding
values for measurements taken at Cx2 were 30.1 mm (<34 weeks),
27.5mm (<32weeks), and 23.8 mm (<30weeks) vs 35.8 mm (term).
When considering the whole preterm group (<34 weeks, n=61), the
prevalence of short cervical length (defined as <25mm) was 13.3%



WIKSTROM kT AL.

with available delivery data (CERVIX-study)’

11 072 women with cervical length measurement between 18+0 and 20+6 weeks and 6288 women with cervical length measurement between 21+0 and 23+6 weeks

Included in the
current study

61 spontaneous PTDs <34+0? weeks with cervical length
measurement at 18+0 to 20+6 weeks and/or at 21+0 to
23+6 weeks with available serum samples

l

’ 27 spontaneous PTDs <32+0 weeks ‘

|

’ 17 spontaneous PTDs <30+0 weeks ‘

l

’ 8 spontaneous PTDs <28+0 weeks ‘

205 term pregnancies (39+0 to 40+6 weeks) with cervical
length measurement at both 18+0 to 20+6 weeks and
21+0 to 23+6 weeks with available serum samples

RNA extraction from the serum samples

RT-qPCR for expression and quantification analysis of nine specific miRNAs®

FIGURE 1 Flowchart showing the study design and group composition. PTD, preterm delivery; RT-gPCR, quantitative reverse-
transcription polymerase chain reaction; miRNA, microRNA. ?Including one spontaneous late miscarriage <22 +0weeks occurring after
inclusion in the study. PExamined miRNAs: let-7a-5p, miR-374a-5p, miR-15b-5p, miR-19b-3p, miR-23a-3p, miR-93-5p, miR-150-5p, miR-185-

5p, and miR-191-5p.%°

(8/61) at Cx1 and 22.2% (6/27) at Cx2 as compared to 2.0% (4/205)
at Cx1 and 2.9% (6/205) at Cx2 in the term group.

3.2 | Expression analysis of the nine miRNAs and
spontaneous PTD

There was no statistically significant difference in the mean rela-
tive expression level of any of the nine analyzed miRNAs between
the preterm group (spontaneous PTD <34 +0weeks) and the con-
trol group. miR-191-5p was significantly overexpressed in women
who delivered <32+0weeks with an increasing difference in fold
change if the delivery occurred at <30+ 0Oweeks or at <28 + Oweeks
(Table 3; Figure 2). Both miR-93-5p and miR-15b-5p were sta-
tistically significantly overexpressed in the group who delivered
<30+0weeks compared to women who delivered at full term, and
for miR-93-5p, statistically significant difference was also seen for
delivery <32 weeks (Table 3; Figure 2).

Hemolysis in plasma and serum samples has been known to
affect miRNA expression profiles.*”>! To deal with this matter, in-
teraction analyses were carried out to test whether the degree of
hemolysis in the samples affected our results. No interaction effect
was found (Table S3).

No statistically significant correlation was found between the
expression level of the investigated miRNAs and cervical length
(data not shown). Correlation was tested both for cervical length as
a continuous variable and for two predefined cervical length cut-offs
(per mm from =25 to <30mm). The relative expression level of miR-
191-5p was negatively correlated with gestational age at delivery
(p<0.05).

4 | DISCUSSION

In our cohort of mainly low-risk women (mainly Caucasian women
with >12years of education, and of whom few had a previous sponta-
neous PTD and none had a history of cervical conization), none of the
nine analyzed miRNAs® were significantly differentially expressed
in women who gave birth <34+0weeks compared to those who
gave birth at full term (39 +0 to 40+ 6 weeks). MiR-191-5p was sig-
nificantly overexpressed in the group who delivered <32 +0weeks,
with an increasing difference in fold change if the delivery occurred
at <30+0weeks or at <28 +0weeks. The relative expression level
of miR-191-5p was also negatively correlated with gestational age at
delivery. The relative expression level of miR-15b-5p and miR-93-5p
were significantly higher in women delivering at <30+0weeks
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TABLE 1 Baseline maternal characteristics.

Control (39+0to  sPTD sPTD sPTD sPTD
40 + 6 weeks) <34 +0weeks <32+0weeks <30+0weeks <28+O0weeks
Variable n=205 n=61 n=27 n=17 n=8
Maternal age at delivery (years) 31.7 (4.3) 31.4 (4.7) 30.6 (5.1) 31.7 (4.3) 27.8 (4.6)
Ethnicity
White 190 (92.7%) 55 (90.2%) 23(85.2%) 14 (82.4%) 6 (75.0%)
Black 1(0.5%) 2(3.3%) 2 (7.7%) 2(11.8%) 2 (25.0%)
Mixed White Black 3(1.4%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%)
Middle East 4(1.9%) 2(3.3%) 1(3.8%) 1(5.9%) 0(0.0%)
India 2 (1.0%) 1(1.7%) 0(0.0%) 0(0.0%) 0(0.0%)
Southeast Asian 1(0.5%) 1(1.7%) 1(3.8%) 0 (0.0%) 0 (0.0%)
Other 4(1.9%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%)
Maternal country of birth
Sweden 160 (86.5%) 43 (91.4%) 15 (71.4%) 9 (64.3%) 3(50.0%)
Other European 17 (9.1%) 2 (4.3%) 4 (19.0%) 3(21.4%) 1(16.7%)
Outside Europe 8 (4.3%) 2 (4.3%) 2 (9.5%) 2 (14.3%) 2(33.3%)
Highest level of education
9years 3(1.7%) 5(10.0%) 3(14.3%) 2 (14.3%) 2(33.3%)
12years 38 (21.5%) 12 (24.0%) 6(28.6%) 4(28.6%) 2(33.3%)
>12years 134 (76.6%) 33(66.0%) 12 (57.1%) 8(57.1%) 2(33.3%)
Main occupation
Employed 154 (82.8%) 42 (80.8%) 16 (76.2%) 9 (64.3%) 2 (33.3%)
Student 13 (6.9%) 5(9.6%) 5(23.8%) 5(35.7%) 4(66.7%)
Maternity leave 7 (3.7%) 0 (0.0%) 0(0.0%) 0(0.0%) 0(0.0%)
Unemployed 9 (4.8%) 1(1.9%) 0(0.0%) 0 (0.0%) 0(0.0%)
Sick leave 2 (1.1%) 3(5.8%) 0 (0.0%) 0 (0.0%) 0(0.0%)
Other 1(0.5%) 1(1.9%) 0 (0.0%) 0(0.0%) 0 (0.0%)
Low socioeconomic status® 12 (5.8%) 7 (11.4%) 3(11.1%) 2(18.2%) 2(25.0%)
Height at first antenatal visit (cm) 167.4(5.9)n=173 164.2(6.2) 165.0 (5.1) 165.6 (5.1) 165.8(2.2)n=6
n=>51 n=22 n=14
Variable n=205 n=61 n=27 n=17 n=8
Weight at first antenatal visit (kg) 66.6(10.8) 65.5(11.3) 65.5(11.3) 69.4(11.1) 70.7 (11.5)n=6
n=167 n=51 n=22 n=14
BMI at first antenatal visit 23.8(3.9)n=166 24.2(41)n=50 24.0(3.9)n=22 253(4.1) 257 (4.4)n=6
n=14
Smoking or using snuff at first antenatal visit 4(1.9%) 3(5.3%) 2 (8.0%) 1(6.3%) 0 (0.0%)
Alcohol screening performance (AUDIT)®
>6 points (risk behavior) 8 (5.6%) 3(6.1%) 1(5.0%) 1(7.1%) 0(0.0%)
IVF in current pregnancy 6 (3.0%) 5(8.6%) 1(4.0%) 0 (0.0%) 0 (0.0%)
Chronic hypertension at first antenatal visit 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Diabetes type 1 or 2 at first antenatal visit 0 (0.0%) 1(1.8%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Renal disease at first antenatal visit 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Conization prior to inclusion date 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Parity
Nullipara 111 (56.9%) 34 (55.7%) 16 (59.3%) 11 (40.7%) 6 (75%)
Previous stillbirths 21 0(0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Previous late miscarriage 3(1.5%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Previous spontaneous PTD <37 weeks 21 3(1.5%) 6(9.8%) 1(3.7%) 0 (0.0%) 0 (0.0%)

Note: For categorical variables, n (%) is presented, and for continuous variables. mean (SD) is presented. Adapted from: Géransson et al¥’
Abbreviations: AUDIT, alcohol use disorder test; BMI, body mass index (kg/mz); IVF, in vitro fertilization; PTD, preterm delivery; sPTD, spontaneous
preterm delivery; sPTD, spontaneous preterm delivery.

“Low socioeconomic status defined as education <9 years, unemployment, and/or sick leave.

bAlcohol screening by AUDIT (Alcohol Use Disorder Test) tool according to antenatal care routines.*’
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TABLE 2 Pregnancy, delivery, and neonatal outcome.

Variable

Redeemed prescription of vaginal
progesterone after inclusion in
the study

Cerclage after inclusion

Preeclampsia or gestational
hypertension at delivery

Chronic hypertension at delivery

Diabetes type 1 or 2 or
gestational diabetes at delivery

Mode of delivery
Cesarean delivery
Gestational age at delivery (days)

Birthweight (g)

Control (39 +0 to
40 + 6 weeks)

n=205
0(0.0%)

0(0.0%)
5(2.4%)

0(0.0%)
0(0.0%)

13 (6.3%)
280.6 (3.6) n=205
3538 (395)n=205

sPTD
<34 +0weeks

n=61
0(0.0%)

0(0.0%)
1(1.7%)

0(0.0%)
2(3.3%)

16 (26.2%)
219.6 (18.1) n=61
1793 (506) n=52

sPTD <32 +0weeks

n=27
0 (0.0%)

0(0.0%)
0(0.0%)

0(0.0%)
0(0.0%)

9 (33.3%)
203.5(16.6) n=27
1426 (434)n=24

sPTD <30+ 0weeks

n=17
0(0.0%)

0(0.0%)
0(0.0%)

0(0.0%)
0(0.0%)

5(29.4%)
191.5(18.8)n=17
1188 (325)n=14

sPTD
<28 +0weeks

n=8
0 (0.0%)

0(0.0%)
0(0.0%)

0(0.0%)
0(0.0%)

2 (25.0%)
175.6 (16.0)n=8
888(188)n=6

Small for gestational age? 2 (1.0%) 3(5.0%) 1(3.8%) 0 (0.0%) 0 (0.0%)
Apgar score at 5min <7 2 (1.0%) 42 (77.8%) 14 (60.9%) 7 (41.2%) 4 (50%)
Perinatal mortality” 0(0.0%) 1(1.7%) 0(0.0%) 0(0.0%) 0(0.0%)
Stillbirth after 22 + Oweeks 0(0.0%) 2 (3.3%) 1(3.8%) 0(0.0%) 0(0.0%)

Note: For categorical variables, n (%) is presented, and for continuous variables, mean (SD) is presented. Adapted from: Marsal et al.*®

Abbreviation: sPTD, spontaneous preterm delivery.
?Defined as 22 SDs below the Swedish gestational age- and sex-specific growth standard.*®
PIncludes stillbirth after 22 + Oweeks and death within 7 days after birth.

TABLE 3 Mean relative expression of nine miRNAs in women who gave birth spontaneously <34 weeks, <32weeks, <30weeks, or
<28weeks, presented as fold change compared to a control group of women who gave birth at full term.

Control

39+0to sPTD

40+ 6 weeks <28 +0weeks
miRNA (n=205) sPTD <34 +0weeks (n=61) sPTD <32+0weeks(n=27) sPTD <30+0weeks(n=17) (n=8)
Let-7a-5p 1.00 (0.05) 0.96 (0.06) 1.10(0.09) 1.12(0.10) 1.09 (0.18)
miR-150-5p 1.00 (0.06) 0.92 (0.06) 0.96 (0.09) 0.91 (0.08) 0.95 (0.14)
miR-15b-5p 1.00 (0.05) 1.10(0.10) 1.16 (0.12) 1.28(0.18)* 1.35(0.29)
miR-185-5p 1.00 (0.06) 1.14 (0.11) 1.29(0.18) 1.24(0.24) 1.38(0.44)
miR-191-5p 1.00 (0.05) 1.09 (0.09) 1.34(0.19) 1.53(0.27)** 1.85(0.52)*
miR-19b-3p 1.00 (0.04) 1.09 (0.08) 1.24(0.14) 1.27(0.20) 1.32(0.36)
miR-23a-3p 1.00 (0.05) 0.98(0.09) 1.05(0.12) 1.03(0.17) 1.20(0.34)
miR-374a-5p 1.00 (0.46) 0.65 (0.12) 0.61 (0.05) 0.59 (0.06) 0.52 (0.10)
miR-93-5p 1.00 (0.04) 1.11(0.07) 1.27(0.11)** 1.26 (0.14)* 1.13(0.19)

Note: Results are presented as mean relative expression (fold change) and SEM (standard error of the mean). A two-tailed p-value of <0.05 is
considered statistically significant (non-parametric Mann-Whitney U-test).

Abbreviation: sPTD, spontaneous preterm delivery.
*Signifies a p-value of <0.05. **Signifies a p-value of <0.01.

compared to those delivering at full term, and for miR-93-5p, this The major strength of our study is that it is performed on a com-

association was also seen for spontaneous PTD <32 +0weeks. We paratively large patient cohort. Other strengths are the blinded
found no correlation between the mean relative expression of any prospective two-center design of the study,17 the meticulous con-
of the investigated miRNAs and cervical length measured either at

18-20 (Cx1) or at 21-23 (Cx2) gestational weeks.

firmation of maternal characteristics and delivery outcomes using
national health and quality registers,*”*” the homogeneity regarding
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miR-15b-5p miR-191b-5p FIGURE 2 Expression of miR-93-
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change + SEM) in women delivering
preterm at <34, <32, <30, and <28 weeks
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ethnicity and socioeconomic status of the study participants, and
that no participant received preventive treatment for spontaneous
PTD (progesterone or cerclage) between inclusion and outcome.
The homogeneity of the population could also be seen as a limita-
tion since the results may not be transferable to a different setting.

An important limitation of our study is that we used archived
serum samples with limited control of how each sample was handled
from sampling to storage. The handling of the samples may have af-
fected the quality of the miRNAs. Furthermore, some samples had a
degree of hemolysis which potentially could have affected the levels
of the analyzed miRNAs.**>%52 We did, however, analyze the degree
of hemolysis in each sample. Exclusion of samples with a high degree
of hemolysis did not have a major impact on the results, and the in-
teraction analyses did not reveal any association between hemolysis
and the levels of the miRNAs analyzed49 (Table S3). Another limita-
tion is the low number of extreme spontaneous PTD (<28 weeks).
The gapped design of the study (comparing spontaneous PTD with
full-term delivery) could also be seen as a limitation. However,
we find this acceptable considering the exploratory nature of the
study.53

In our study, three of nine investigated miRNAs (miR-93-5p,
miR-15b-5p, and miR-191-5p) were significantly overexpressed
in women with very early spontaneous PTD (<30weeks) as com-
pared to in control women delivering at full term. These results
are consistent with the results by Cook et al., even though their
study demonstrated a larger difference in relative expression of
miR-93-5p, miR-15b-5p, and miR-191-5p between the preterm and
term group.30 The results are also in agreement with a study by
Bhati et al.>* who found higher serum levels of miR-191-5p in cases
born <37 weeks vs at term. In contrast to our findings, but similar
to those of Cook et al. they also found elevations in miR-150-5p
and miR-185-5p in PTD cases. However, Bhati et al. do not specify
at what gestational age serum was sampled, which makes a di-
rect comparison with our results difficult. Expression of miRNA
in peripheral white blood cell fraction sampled in early pregnancy
has also been shown to be associated with subsequent PTD.>®
However, the differences in miRNAs in white blood cells between
preterm and term cases do not seem to match the changes in

|30

serum/plasma reported by Cook et al.”” even though a direct com-

parison has not been made.

There are several reasons why our results are not fully consistent
with those of Cook et al. Firstly, our study is performed in a mainly
low-risk Caucasian population while the study by Cook et al. is based
on a high-risk ethnically mixed population. In the study by Cook
et al., women were recruited when attending a preterm prevention
clinic, that is, they were already considered to be at increased risk
of PTD based on previous PTD, previous mid-trimester loss, or pre-
vious excisional treatment of cervical intraepithelial neoplasia.30 In
our study, none of the included women had experienced previous
cervical conization or a previous mid-trimester loss, and only 9/266
(3.4%) of the included women had a previous spontaneous PTD
<37 +0weeks. Also, all women who delivered <34 +0weeks in the
study by Cook et al. presented with cervical shortening (<25mm),
while only 8/61 (13%, Cx1) and 6/27 (22%, Cx2) of the women who
delivered <34+0weeks in our study were found to have cervical
shortening (<25 mm). Secondly, the samples used in this study were
collected earlier in pregnancy (10-14 weeks of gestation), whereas
Cook et al. used plasma samples taken at three timepoints (12-14,
15-18, and 18-21weeks).?® There is a possibility that some of the
samples in our study were taken too early for it to be possible to
distinguish spontaneous PTD cases from term controls. Thirdly,
our study used archived serum samples which were kept at 4°C to
coagulate, centrifuged on the same day, and stored at -20°C. The
plasma samples used by Cook et al. were prospectively collected in
EDTA tubes on ice and centrifuged within 30min of blood collection
and stored at -80°C.%° Generally, miRNAs are stable in circulation
and resistant to degradation by RNA activity thanks to binding to
proteins and encapsulation within exosomes.> However, prolonged
holding time of whole blood prior to plasma separation has been
shown to affect miRNA expression profiles.*’ Prolonged and vari-
able holding time of whole blood prior to serum separation may have
amore pronounced effect on levels of miRNA as the blood is allowed
to coagulate which could release miRNA from platelets and cellular
constituents.®”>® There is also some evidence that long-term stor-
age of plasma and serum may affect the miRNA vyield.>’

As described, miRNAs are involved in posttranscriptional regu-
lation through transcriptional blockade, or by mRNA degradation,
leading to a decrease in the target protein. MiRNAs are involved
in multiple biological processes including cell proliferation, dif-

ferentiation, apoptosis, migration, and cellular invasion,?627:¢0-62
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MiR-191-5p, miR-93-5p, and miR-15-5p have all been associated
with various types of diseases, such as different types of cancers,
type 2 diabetes, inflammatory diseases, myocardial diseases, as
well as neurodegenerative diseases.®"%? Still, there is very lim-
ited knowledge about the above-described miRNAs and their po-
tential pathophysiological role in spontaneous PTD. In a recently
published systematic review by Subramanian et al., the authors
concluded that there was an association between miR-191-5p
and PTD, intrauterine growth restriction, and preeclampsia, al-
though the mechanisms behind these findings are still unknown.®®
Interestingly, Celik et al. have proposed matrix metalloproteinase
3 (MMP3), a proteolytic enzyme with the capacity to break down
collagen fibers also found in the fetal membranes, as a potential
miR-93-5p target.**®> This could imply that an imbalance in the
expression of MMP3, due to alteration of miR-93-5p, could lead
to preterm premature rupture of membranes, although further in-
vestigation is needed. Furthermore, Zhang et al found miR-15-5p
to be significantly elevated in follicular fluid in women undergoing
in vitro fertilization with a poor ovarian response.66 They suggest
miR-15-5p to be involved in the pathogenesis of poor ovarian re-
sponse by regulating oocytes, granulosa cell proliferation, and
apoptosis. There is, however, no information on the pathophysio-
logical role of miR-15-5p in preterm birth.

5 | CONCLUSION

Others have found overexpression of miR-923-5p, miR-15b-5p, and
miR-191-5p in plasma at early gestation to be associated with sPTD
in women at high risk of sPTD.3° We found overexpression of miR-
93-5p, miR-15b-5p, and miR-191-5p in serum at early gestation to
be associated with spontaneous PTD also in a mainly low-risk popu-
lation. However, the ability of let-7a-5p, miR-374a-5p, miR-15b-5p,
miR-19b-3p, miR-23a-3p, miR-93-5p, miR-150-5p, miR-185-5p, and
miR-191-5p in plasma to identify women at risk for spontaneous PTD
could not be replicated using serum samples in our mainly low-risk
population. Still, it would be of great interest to perform a prospec-
tive study, based on plasma instead of serum, to further investigate
the potential of using the described nine miRNAs as potential bio-
markers for spontaneous PTD in a mainly low-risk population. There
is also a need to better understand the pathophysiological role of the
investigated miRNAs. This requires further research.
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