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Abstract

Objective: The aim of this study was to clarify the association between placenta previa

and circulating levels of cell-free pregnancy-associated placenta-specific miRNAs in

maternal plasma.

Method: Twenty singleton pregnancies with placenta previa (placenta previa group)

and 26 uncomplicated pregnancies (control group) were recruited. Blood sampling was

performed at 32 weeks gestation and cesarean delivery in all cases of placenta previa

was performed at a mean gestational age of 37 weeks. The maternal plasma

concentrations of cell-free pregnancy-associated placenta-specific miRNAs (miR-517a

and miR-518b) were measured by absolute quantitative real-time RT-PCR.

Results: Plasma concentrations of cell-free miR-517a in the placenta previa group were

significantly higher than that in the control group (P=0.011), while the plasma

concentration of cell-free miR-518b in the placenta previa group was significantly lower

than that in the control group (P=0.004). Plasma concentrations of cell-free miR-517a in

placenta previa were significantly higher in placenta previa with alert bleeding later

group than those in placenta previa without alert bleeding group or control group (P =
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0.030 or 0.047, respectively), and correlated with the volume of hemorrhage at delivery

(R and P-value: 0.512 and 0.025).

Conclusion: Plasma concentrations of cell-free miR-517a and miR-518b at 32 weeks

gestation were altered in pregnant women with placenta previa, and the circulating level

of cell-free miR-517a in placenta previa may be a predictive marker for the risks of alert

bleeding later and massive hemorrhage at delivery.

Keywords: pregnancy-associated microRNA, maternal plasma, placenta previa, alert

bleeding, hemorrhage
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Introduction

Placenta previa shows the abnormal location of the placenta, and women with

placenta previa should be delivered by cesarean section. Although the prevalence of

placenta previa has been approximately 0.5% of all pregnancies, placenta previa has the

risks of emergency cesarean section following alert bleeding and massive hemorrhage at

cesarean section'. Therefore, placenta previa is one of major causes of maternal

morbidity and mortality. However, alert bleeding during pregnancy and massive

hemorrhage at cesarean section are not observed in all women with placenta previa. The

ability to predict alert bleeding during pregnancy and massive hemorrhage at cesarean

delivery is critical in the management of placenta previa prenatally, because prenatal

diagnosis allows for a planned approach under a more controlled condition with a

possible treatment.

Risk factors for placenta previa include prior cesarean delivery, pregnancy

termination, intrauterine surgery, smoking, multifetal gestation, increasing parity, and

maternal age!. Placenta previa also has a high risk of placenta accreta, which is defined

as an abnormal adherence of the placenta to the uterine wall'. Although placenta accreta
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has the risk of massive hemorrhage, this condition is usually found at the time of

delivery and its final diagnosis was confirmed by pathological examination after the

surgery. Therefore, placenta previa is screened by transvaginal ultrasonography

prenatally, and anterior placentation is a risk factor for massive hemorrhage during

cesarean section in patients with placenta previa®. Although the prediction of the risks

of alert bleeding and massive hemorrhage prenatally seems to be made by

ultrasonography and magnetic resonance imaging (MRI), which are readily available in

most centers’>, the diagnostic accuracies of ultrasonography and MRI are still

unsatisfactory. Information regarding prediction of hemorrhage in placenta previa at

delivery is limited. Therefore, advent of a noninvasive prenatal diagnostic procedure to

estimate the risks of alert bleeding during pregnancy and massive hemorrhage during

cesarean section in patients with placenta previa is undoubtedly a great advance for

clinical management of placenta previa.

Recently, pregnancy-associated placenta-specific miRNAs circulating in

maternal plasma have been reported®’, and we identified pregnancy-associated

placenta-specific miRNAs (miR-515-3p, miR-517a, miR-517c¢, miR-518b and
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miR-526b) in the plasma of pregnant women®. A major source of cell-free placental
miRNAs in maternal plasma is the villous trophoblast, which is able to release

10 To date, several

exosomes containing miRNAs into the maternal circulation®
placental miRNAs on chromosome 19 miRNA cluster (C19MC) region are involved in,
or associated with, preeclampsia that is caused by abnormalities in the development of
placental vessels in early pregnancy'!. Therefore, miRNAs predominantly expressed in
the placenta are probably involved in placental differentiation and in the maintenance of
pregnancy'?. Because the placenta is a source of supply for cell-free
pregnancy-associated placenta-specific miRNAs®® the measurement of cell-free
pregnancy-associated placenta-specific miRNAs in maternal plasma may have the
potential to become novel biomarkers to predict the condition of placenta previa.
However, circulating levels of cell-free pregnancy-associated placenta-specific miRNAs
in plasma samples with placenta previa remains unknown.

Here, to get the knowledge of association between placenta previa and

cell-free pregnancy-associated placenta-specific miRNAs, we measured the circulating

levels of cell-free pregnancy-associated placenta-specific miRNAs (miR-517a and
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miR-518b) and cell-free pregnancy-associated but not placenta-specific miRNA

(miR-323-3p) in maternal plasma with placenta previa at 32 weeks gestation®.

Materials and Methods

Sample Collection

All pregnant women recruited for this study attended Nagasaki University

Hospital. All samples were obtained after receiving written informed consent, and the

Institutional Review Board for Ethical, Legal and Social Issues of Nagasaki University

approved the study protocol.

Women with multiple gestations, preterm labor, infection, fetal anomalies or

aneuploidy, fetal growth restriction, or preeclampsia, or who were current smokers were

excluded. From April, 2013 to January, 2014, we obtained blood samples (7 mL) from

20 singleton pregnancies with placenta previa (placenta previa group) and 26

uncomplicated pregnancies (control group) at 32 weeks gestation. Gestational age was

calculated from the date of their last menstrual period, and then confirmed by
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ultrasonographic examination, which the crown rump length (CRL) of fetus at 8-10

week gestation was measured. Cesarean delivery was performed in all cases of placenta

previa at a mean gestational age of 37 weeks. The volume of hemorrhage of each case

was defined as the volume of bleeding at cesarean delivery. However, Case 11

underwent cesarean hysterectomy and was excluded from the analysis (Table 1). In this

case, the placenta was located anterior to the uterine wall with a history of previous

cesarean section and was diagnosed as placenta previa—increta by pathological

examination of the placenta and uterus. There were no significant differences in clinical

variables, including maternal age (years), gestational age (weeks), number of prior

cesarean deliveries, artificial abortion, parity, placental weight (g), and birth-weight of

the newborn (g) between the two groups (Table 2). At the time of blood sampling, the

women showed no signs of labor and no history of vaginal bleeding (alert bleeding).

Blood samples were collected in tubes containing EDTA. Cell-free plasma samples

were prepared from maternal blood by a double centrifugation method as described

previously®®!4. After the first centrifugation at 3,000 xg for 10 min, the plasma samples

were frozen at -80 °C for a median 3 months (ranging from 1 month to 9 months).
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When the quantification analysis was performed, 1.6 mL of each plasma sample was

centrifuged at 16,000 xg for 10 min to remove blood cells. Total RNA containing small

RNA molecules was extracted from 1.2 mL of maternal plasma using a mirVana miRNA

Isolation Kit (Ambion, Austin, TX, USA) according to the manufacturer’s instructions.

The concentration of extracted RNA was determined measuring the absorbance at 260

nm on a spectrophotometer (NanoDrop ND-2000; NanoDrop Technologies,

Wilmington, DE, USA) and expressed as nanograms per milliliter of plasma.

Real-time gRT-PCR analysis of miRNAs

As pregnancy-associated placenta-specific miRNAs, miR-517a and miR-518b,

which locates on chromosome 19 miRNA cluster region (C19MC), were used for this

study, because these two miRNAs were also reported as placental miRNA in maternal

plasma in three other studies®!®!>!®  Furthermore, by public database search of the

expression patterns of miR-517a and miR-518b, these two miRNAs show a

placenta-specific expression pattern (www.microRNA.org). Our previous study also

identified the miR-323-3p as pregnancy-associated miRNA in maternal plasma’.
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However, the expression pattern of miR-323-3p, which is located on chromosome 14
miRNA cluster region (C14MC), is expressed in embryonic and placental tissues, and in
adults, it is restricted to the brain!’. Therefore, we measured the plasma concentration of
cell-free miR-323-3p as the pregnancy-associated but not placenta-specific miRNA!’.
All specific primers and TagMan probes were purchased from TagMan MicroRNA
Assays (Applied Biosystems, Foster City, CA, USA). Real-time quantitative RT-PCR
(qRT-PCR) of miRNAs in plasma samples was performed as described previously®*!%20,
For each miRNA assay, 2.5 ng of total RNA samples were analyzed for qRT-PCR. We
prepared a calibration curve by 10-fold serial dilution of single-stranded cDNA
oligonucleotides corresponding to each miRNA sequence from 1.0x10% to 1.0x108
copies/mL. The concentrations of each single-stranded cDNA oligonucleotides were
decided by QX100 droplet digital PCR (BioRad, Hercules, CA, USA). Each sample and
each calibration dilution was analyzed in triplicate. Each assay could detect down to
356 RNA copies/mL%!*?°, Every batch of amplifications included three water blanks as

negative controls for each of the reverse transcription and PCR steps. All data were

collected and analyzed using a LightCycler® 480 Real-Time PCR System (Roche,
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Pleasanton, CA, USA). The intra-assay coefficients of variation (CV), which were the

ratios of the SD to the mean for the probes (miR-517a, miR-518b and miR-323-3p) in

the absolute qRT-PCR, were 7.2, 8.1 and 6.7%, respectively. There are no universally

accepted internal controls in either placental tissue or maternal circulation for miRNA

analysis, because snoRNAs and snRNAs, including RNU48 and RNU6B, have been

suggested as reference RNAs, but exhibit high variability?!??. Additionally, it was

recommended that the quantitative mRNA measurements in plasma were to be

expressed as an absolute concentration?’. Therefore, we considered that the quantitative

miRNA measurements might be the same as quantitative mRNA measurements in

plasma. Here, absolute real-time qRT-PCR analysis was performed.

Ultrasonographic examination of placenta previa

The prenatal prediction of placenta accreta in the placenta previa group was estimated

by ultrasonographic findings, which were suggestive of placenta accreta, including: (1)

irregularly shaped placental lacunae within the placenta; (2) thinning of the

myometrium overlying the placenta; (3) loss of retroplacental clear space; and (4)
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increased vascularity of the uterine serosa-bladder interface?*. When the cases of

placenta previa fulfilled two or more of four ultrasonografic features, these cases were

managed as suspected placenta previa-accreta and MRI test was performed to attempt to

further define the diagnosis.

Statistical analysis

Patients’ backgrounds were compared by Student’s t-test and chi-square test

for continuous and discrete variables, respectively, in the placenta previa and control

groups. Circulating levels of cell-free plasma concentrations of pregnancy-associated

placenta-specific miRNAs in both groups were converted into multiples of the median

(MOM) in the control group and adjusted for gestational age. Differences between the

two groups were evaluated with the Mann—Whitney U test. Differences between the

three groups were evaluated using the Kruskal-Wallis test, and then differences between

the two groups were evaluated using Bonferroni correction for post hoc analysis of

multiple comparisons. Pearson product-moment correlation coefficients between

circulating levels of pregnancy-associated placenta-specific miRNAs in maternal
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plasma and the volume of hemorrhage at delivery were analyzed. Statistical analyses

were performed with SPSS version 19 (IBM Corporation, Armonk, NY, USA).

Significances were defined as P<0.05.

Results

Circulating levels of plasma cell-free pregnancy-associated placenta-specific miRNAs

in the placenta previa and control groups

Table 1 summarizes cell-free miR-517a levels, cell-free miR-518b levels,

volumes of hemorrhage at cesarean delivery, and ultrasonographic features in cases of

placenta previa pregnancies. Cases 3, 9, 10, 11, 15 and 17 were managed as suspicion of

placenta previa-accreta and high risk of massive hemorrhage at delivery, because these

cases fulfilled two or more of four ultrasonografic features, which were suggestive of

placenta previa-accreta. In these six cases of suspected placenta previa-accreta, MRI test

was performed to further define the diagnosis. However, five cases except for Case 10

were diagnosed as suspicion of placenta previa-accreta by MRI test. Case 11 was

excluded from this study, because placenta removal was impossible at delivery and
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cesarean hysterectomy was performed in this case. Case 11 was diagnosed as placenta

previa-increta by histological examination of placenta—uterus. Cases 9, 10, and 15

showed 2,000ml or more hemorrhage at delivery. However, 2,000ml or more

hemorrhage was also seen in Cases 4, 5, 12, 19, and 20, which were managed as low

risk of massive hemorrhage because these cases fulfilled one or none of four

ultrasonografic features, which were suggestive of placenta accreta.

Median  (minimum-maximum) MoM  values of plasma cell-free

pregnancy-associated placenta-specific miRNAs in the control (n=26) and placenta

previa (n=19) groups were 1.00 (0.11-37.58) and 5.15 (0.47-24.09) for miR-517a, 1.00

(0.46-6.89) and 0.12 (0.01-9.86) for miR-518b, respectively (Figure 1). Circulating

levels of plasma cell-free miR-517a levels in the placenta previa group were

significantly higher than that in the control group (Mann—Whitney U test, P=0.011),

while circulating levels of plasma cell-free miR-518b levels in the placenta previa group

were significantly lower than that in the control group (Mann—Whitney U test, P=0.004)

(Figure 1).

Tentatively, although sample numbers were small (Cases 3, 9, 10, 11, 15 and 17), to



231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

Hasegawa et al. 16

evaluate the potential value of plasma pregnancy-associated placenta specific miRNAs

in cases of suspected placenta previa-accreta, median (minimum-maximum) MoM

values of plasma cell-free pregnancy-associated placenta-specific miRNAs in the

control (n=26) and placenta previa (n=19) groups were 1.00 (0.11-37.58) and 14.09

(0.85-265.12) for miR-517a, 1.00 (0.46-6.89) and 31.3 (0.01-17.45) for miR-518b,

respectively (Figure 1). Circulating levels of plasma cell-free miR-517a levels were

significantly higher in six cases of suspected placenta previa-accreta than in the control

group (Mann—Whitney U test, P=0.022), while there was no significant difference in

circulating levels of plasma cell-free miR-518b in both the cases of suspected placenta

previa-accreta and the control group (P>0.05).

Circulating levels of plasma cell-free pregnancy-associated placenta-specific miRNAs

in placenta previa with alert bleeding group, placenta previa without alert bleeding

group, and control group

In 19 cases of placenta previa, seven cases had alert bleeding later, and

remaining 12 cases had no alert bleeding during pregnancy. Median (minimum-—
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maximum) MoM values of plasma cell-free pregnancy-associated placenta-specific

miRNAs in placenta previa with alert bleeding group (n=7), placenta previa without

alert bleeding group (n=12), and uncomplicated pregnancies as control group (n=26)

were 10.66 (5.15-24.09), 2.20 (0.47-7.72) and 1.00 (0.11-37.58) for miR-517a, 1.48

(0.01-9.86), 0.064 (0.01-7.35) and 1.00 (0.46—6.89) for miR-518b, respectively (Table

3). Plasma concentrations of cell-free pregnancy-associated miRNAs (miR-517a and

miR-518b) were confirmed to have significantly different plasma concentrations in

women with the placenta previa with alert bleeding, placenta previa without alert

bleeding or control groups (Kruskal-Wallis test; Table 3). Plasma concentrations of

cell-free miR-517a were significantly higher in the placenta previa with alert bleeding

group than in placenta previa without alert bleeding group or control group (P = 0.030

or 0.047, respectively; Table 3). However, there was no significantly difference of

plasma cell-free miR-517a levels between the placenta previa without alert bleeding and

control groups (Table 3). There was no significantly difference of plasma cell-free

miR-518b levels between the placenta previa with and without alert bleeding groups,

between the placenta previa with alert bleeding and control groups, or between the
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placenta previa without alert bleeding and control groups. (Table 3).

Circulating levels of plasma cell-free pregnancy-associated but not placenta-specific

miRNA in the placenta previa and control groups

As pregnancy-associated but not placenta-specific miRNA, median (minimum-—

maximum) MoM values of plasma cell-free miR-323-3p in the control and placenta

previa groups were 1.000 (0.24-13.76) and 0.747 (0.04-3.52), respectively. There was

no significant difference in circulating levels of plasma cell-free miR-323-3p in both the

placenta previa and the control groups (P>0.05).

Association between the volume of hemorrhage in placenta previa at cesarean

delivery and plasma concentrations of cell-free pregnancy-associated

placenta-specific miRNAs

We investigated the association between the volume of hemorrhage in

placenta previa at cesarean delivery and plasma concentrations of cell-free
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pregnancy-associated placenta-specific miRNAs (miR-517a or miR-518b). Median

(minimum-maximum) circulating levels of plasma cell-free pregnancy-associated

placenta-specific miRNAs in the placenta previa group were 19,600 (1,830-93,600)

copiess/mL for miR-517a, and 6,210 (626—452,000) copies/mL for miR-518b,

respectively (Figure 2a, b). Median (minimum—maximum) volume of hemorrhage in the

placenta previa group at cesarean delivery was 1,650 (778-5,400) mL (Figure 2a, b).

The circulating levels of cell-free miR-517a and miR-518b in maternal plasma were

significantly associated with the volume of hemorrhage in placenta previa at cesarean

delivery (R and P-values: 0.512 and 0.025 for 517a, and 0.472 and 0.041 for 518b,

respectively) (Figure 2a, b). Median (minimum-maximum) circulating levels of of

plasma cell-free pregnancy-associated placenta-specific miRNAs in the placenta previa

group were 19,600 (1,830-93,600) copies/mL for miR-517a, and 6,210 (626—452,000)

copies/mL for miR-518b, respectively (Table 1, Figure 2a, b). Median (minimum—

maximum) volume of hemorrhage in the placenta previa group at cesarean delivery was

1,650 (778-5,400) mL (Table 1, Figure 2). The circulating levels of cell-free miR-517a

in maternal plasma were significantly associated with the volume of hemorrhage in
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placenta previa at cesarean delivery (R and P-values: 0.512 and 0.025) (Figure 2a).

While, the correlation between the plasma concentrationss of cell-free miR-518b and

the volume of hemorrhage in placenta previa at cesarean delivery was weak (R and

P-values: 0.472 and 0.041) (Figure 2b).

Discussion

This is the first study to investigate maternal plasma concentrations of

cell-free pregnancy-associated placenta-specific miRNAs in placenta previa.

Increased levels of cell-free miR-517a and decreased levels of cell-free

miR-518b in maternal plasma at 32 weeks gestation were detected in the placenta previa

group. On the other hand, the plasma concentration of cell-free pregnancy-associated

but not placenta- specific miRNA, miR-323-3p on C14MC, which is expressed in the

placenta, embryo and mother, showed no significant difference between the control and

the placenta previa groups. Increased levels of placental miRNAs on C19MC have been

reported in cases of preeclampsia, because apoptotic changes in the placenta lead to

release of syncytiotrophoblast microparticles (STBM) and exosomes including
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fetal/placental DNAs/RNAs into maternal circulation®. Our previous study showed that

the increased level of cell-free placental mRNA (human placental lactogen and human

chorionic gonadotropin) in placenta accreta might be explained by possible

direct-connection between the placenta and maternal circulation?*. Here, although a case

of placenta previa-increta was excluded, cases of potential placenta accreta may be

included, because placenta previa is the risk factor of placenta accreta. Therefore, as

with the association of circulating levels of placental mRNAs and placenta previa, we

expected that circulating levels of miR-517a and miR-518b would be increased in the

placenta previa group compared with the control group. However, our result was

contrary to our expectation. In another study, the discrepancy of expression pattern of

placenta-specific miRNAs (increased expression of miR-519a and decreased expression

of miR-518b) was also seen in placentas with fetal growth restriction (FGR), compared

with placentas that were large or adequate for gestational age”. At present, although we

have no explanation regarding this discrepancy of cell-free miRNAs levels on the

C19MC region, the increased level of miR-517a and decreased level of miR-518b in

placenta previa may account for the discrepant concentration of these molecules in
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maternal plasma. Therefore, the altered circulating levels of cell-free miR-517a and

miR-518b on C19MC seem to be associated with the pathogenesis of placenta previa

pregnancy. And, the measurement of cell-free miRNAs on the C19MC region in

maternal plasma may reflect the functional status of placenta previa.

Plasma concentrations of cell-free miR-517a in the placenta previa with alert

bleeding later group were significantly higher than those in placenta previa without alert

bleeding group or uncomplicated pregnancy group. While, there was no significantly

difference of plasma cell-free miR-518b levels between the placenta previa with and

without alert bleeding later groups, between the placenta previa with alert bleeding later

and uncomplicated pregnancy groups, or between the placenta previa without alert

bleeding later and uncomplicated pregnancy groups. Therefore, the measurement of

plasma cell-free miR-517a level may predict the risk of alert bleeding later in cases of

placenta previa.

Also, cell-free miR-517a level in maternal plasma collected at around 32 weeks

correlated with the volume of hemorrhage in placenta previa pregnancies at delivery.

While, the correlation between the plasma concentrations of cell-free miR-518b and the
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volume of hemorrhage in placenta previa at cesarean delivery was weak. A recent study

could not confirm the diagnostic benefit of cell-free fetal DNA to predict invasive

placentation in placenta previa’’, while other studies continue to suggest that the

placental mRNAs may be a marker for prediction of invasive placenta among women

with placenta previa®*?®. Our results of placenta-specific miRNAs would be clinically

more useful if the profile/levels of placenta-specific miRNAs could be correlated to

invasive placenta disorders (e.g., previa—increta or previa—percreta). The prenatal

prediction of placenta previa-accreta is estimated by ultrasonographic findings.

However, ultrasonographic assessment for the risk of massive hemorrhage in cases of

placenta previa at delivery was difficult (Table 1). Furthermore, ultrasonographic

assessment for the placenta locating the posterior wall of uterus is more difficult,

compared with that for the placenta locating the anterior wall of uterus'. In this study,

six cases (Cases 3, 9, 10, 11, 15 and 17) were managed as suspected placenta

previa-accreta, because these cases had two or more of four ultrasonographic features,

which were suggestive of placenta previa-accreta. In six cases of suspected placenta

accreta, MRI tests were performed to further define the diagnosis. However, five of six
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cases were diagnosed as suspicion of placenta accrete, suggesting that MRI test seems

to give no additional information for the predictions of placenta previa-accreta or

massive hemorrhage, compared with ultrasonografic examination'. It might have been

more useful to evaluate the potential value of plasma pregnancy-associated placenta

specific miRNAs in cases of suspected placenta accreta, but numbers are small in this

study and further examination should be necessary. Therefore, plasma concentrations of

cell-free placental RNAs (placental mRNA and miR-517a) combined with an

ultrasonographic examination may be used as a noninvasive obstetrical examination for

prenatal prediction of the risk of massive hemorrhage in pregnant women with placenta

previa at delivery. In turn, this may allow a reduction in perinatal maternal mortality

from not only placenta previa but also other placental abnormalities.

In conclusion, our data showed increased levels of cell-free miR-517a and

decreased levels of cell-free miR-518b in maternal plasma samples from placenta previa

pregnancies, compared with plasma samples from uncomplicated pregnancies.

Therefore, measurement of cell-free miR-517a and miR-518b concentrations in

maternal plasma at 32 weeks gestation has the potential to reflect the placental status of
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placenta previa pregnancy. Subsequently, plasma concentration of cell-free miR-517a at

32 weeks gestation was significantly higher in placenta previa with alert bleeding later

group than in placenta previa without alert bleeding or uncomplicated pregnancy groups,

and correlated with the volume of hemorrhage in placenta previa at delivery, suggesting

that plasma concentration of cell-free miR-517a in placenta previa may predict the risks

of alert bleeding later and massive hemorrhage at cesarean delivery. As this pilot study

was limited by its small sample size, further large-scaled study is necessary to our

hypothesis.
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Figure Legends

Figure 1. Circulating levels of plasma cell-free miR-517a and miR-518b at 32

weeks gestation in placenta previa and control groups.

a. miR-517a, and b. miR-518b.

Circulating levels were expressed as multiple of median (MoM) values. Gray bars

indicate the data from the placenta previa group, and white bars indicate the data from

the control group. Circulating levels of miRNAs in maternal plasma are expressed as

copies/mL. * indicated P=0.011, ** indicated P=0.004 (Mann—Whitney U test).

Figure 2. Graph showing relationship between plasma concentration of cell-free

pregnancy-associated placenta-specific miRNAs at 32 weeks gestation and the

volume of hemorrhage in placenta previa at cesarean delivery.

The correlation coefficient between the volume of hemorrhage at cesarean delivery and

cell-free pregnancy-associated placenta-specific miRNAs levels for a. miR-517a is

0.512 (P=0.025), and for b. miR-518b is 0.472 (P=0.041).



Table 1. Cell-free miRNA levels, volumes of hemorrhage at delivery and
ultrasonographic features in cases of placenta previa pregnancies.
“O” indicated a case with the feature, while “X” a case without the feature. *

Histological examination of placenta—uterus confirmed a case of placenta previa—

increta.

Cases Cell-free placenta-specific | Ultrasonographic features MRI Volumes of
miRNA levels hemorrhage
(copies/mL) (mL)
517a 518b Irregularly Thinning of the | Loss of the Increased Suspected

shaped myometrium retroplacental | vascularity of Placenta
placental overlying the clear space the uterine accrete
lacunae placenta serosa-bladder
interface
1 9890 3590 X X X X - 1650
2 9640 1720 X X X X - 1200
3 22400 67300 (6] O (6] X Suspected 1700
4 57300 2260 (6] X X X - 2550
5 5050 2280 (6] X X X - 3500
6 7470 6780 X X X X - 1500
7 12600 13100 X X X X - 820
8 1830 626 X X X X - 1050
9 93600 | 452000 (6] o (6] o Suspected 5400
10 20000 649 (6] X (6] X Undefined 2100
11* 1030000 | 800000 (6] O (6] O Suspected 8250
12 6870 747 X X X X - 3100
13 23400 5640 X X X X - 1158
14 30000 | 337000 (6] X X X - 1200
15 87100 | 114000 (6] O (6] X Suspected 2250
16 27000 78200 X X X X - 778
17 3300 950 (6] o X X Suspected 980
18 41400 37500 X X X X - 1600
19 21000 13300 X X X X - 2250
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Table 2. Clinical characteristics of the pregnant women included in this study.

All parameters of the control group and placenta previa group are indicated as the mean

and (standard deviation [SD]). Significant differences between groups were analyzed by

Student’s t-test or chi-square test. A P-value of <0.05 was considered significant. NS,

not significant; a, mean (SD)

Characteristics Control group | Placenta previa | P-value
(n=26) group (n=19)

Maternal age (years) 33.11 (5.38) 33.42 (8.79) NS*

Gestational age at | 32.69 (0.47) 32.32(0.94) NS*

sampling (weeks)

Gestational age at delivery | 38.31 (1.67) 36.89 (1.33) 0.004?

(weeks)

Alert bleeding during | 0 7 <0.001 °

pregnancy

Parity NS®

Primiparous 14 13

Multiparous 12 6

Placental weight (g) 565.50 (95.87) 577.53 (106.85) NS?

Fetal birth weight (g) 3031.31 (531.65) 2755.16 (351.39) NS?

Previous  history  of | 7 5 NS®

cesarean section

Previous  history  of | 9 2 NS®

artificial abortion




at-test

b chi-square test



Table 3. Circulating levels of plasma cell-free pregnancy-associated

placenta-specific miRNAs in placenta previa with alert bleeding group, placenta

previa without alert bleeding group, and control group

Plasma cell-free microRNA levels are indicated as median (minimum-maximum) MoM.
Significant differences between groups were analyzed by Kruskal-Wallis test or
Bonferroni correction for post hoc analysis of multiple comparisons. A P-value < 0.05

was considered significant. NS: not significant.

pregnancy- | A group B group C group P-values

associated Uncomplicated | placenta placenta previa | Kruskal- | Avs B AvsC BvsC
placenta-sp | pregnancy previa  with | without  alert | Wallis

ecific (n=26) alert bleeding | bleeding test

miRNAs (n=7) n=12)

miR-517a 1.00 10.66 2.20 0.002 0.047° NS 0.030°
(MoM) (0.11-37.58) (5.15-24.09) (0.47-7.72)

miR-518b 1.00 1.48 0.064 0.001 NS2 NS2 NS?
(MoM) (0.46-6.89) (0.01-9.86) (0.01-7.35)

aBonferroni correction
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