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MiR-210 and miR-155 as potential diagnostic
markers for pre-eclampsia pregnancies
Lu Gan, MDa,b,∗, Zheng Liu, PhDc, Ming Wei, PhDd, Yulong Chen, MDe, Xiaomei Yang, MDa,
Lihong Chen, MDa, Xiaomin Xiao, MDb

Abstract
Pre-eclampsia (PE) is one of the leading causes of maternal and neonatal morbidity and mortality. In recent years, many studies have
shown that microRNAs (miRNA) play important roles in the development of PE. However, the molecular pathogenesis of PE remains
unknown.
In the present study, we performed a case–control study to verify the differential expression of 4 candidate miRNAs (miR-210, miR-

155, miR-125b-5p, and miR-125a-5p) in 20 PE pregnancies and 20 healthy pregnancies. The real-time quantitative reverse
transcriptase-polymerase chain reaction has been utilized to estimate the Ct values in both groups.
Our results have shown that miR-210 and miR-155 were upregulated in serum of PE pregnancies, which suggest a potential

association between these 2miRNAs and the pathogenesis of PE. Further studies showed that the area under the receiver operating
characteristic curve (AUC) of miR-210 andmiR-155 were 0.750 and 0.703, respectively. The AUC of the expression ratio of miR-210
(serum/urine) and miR-155 (serum/urine) were 0.761 and 0.718, respectively. Moreover, 24-hour urine proteins have positive
correlation with urine miR-210 and miR-155.
Our findings indicated that serum miR-210 and miR-155 could be 2 sensitivity and specificity biomarkers for the diagnosis of PE

while urine miR-210 and miR-155 both could be used to evaluate the severity of kidney injury. Using these miRNAs may provide a
novel diagnosis method for identifying pregnant women who are at risk for developing PE.

Abbreviations: APTT = activated partial thromboplastin time, AUC = area under the curve, PE = pre-eclampsia, PT = partial
thromboplastin time, qRT-PCR = quantitative reverse transcriptase-polymerase chain reaction, ROC = receiver operating
characteristic.
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1. Introduction development, and diagnosis of PE have become a challenging
Pre-eclampsia (PE) is a pregnancy-specific syndrome associated
with hypertension, proteinuria, thrombocytopenia, or renal
insufficiency.[1] It affects 2% to 5% of pregnancies worldwide
and causes 10% to 15% of maternal deaths.[2,3] The occurrence,
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issue in clinical research today. However, current diagnosis still
depends on the results of measuring blood pressure, blood tests,
and urine analysis (proteinuria). Therefore, to discover specific
biomarkers for early diagnosis of PE has become a hot topic
in present studies. In recent years, many studies have been
designed to identify putative biomarkers for accurate and timely
diagnosing PE. Previous studies have demonstrated that the
dysregulation of the specific plasma-related miRNAs expression
(miR-210, miR-155, miR-125b-5p, and miR-125a-5p) is associ-
ated with the development of PE.[4–7] In the present study, we
investigated the expression level of miR-210, miR-155, miR-
125b-5p, and miR-125a-5p in the serum and urine of PE
pregnancies compared with healthy pregnancies in order to find
novel candidates that bear a greater potential to identify women
at risk for PE. Analyzing these miRNAs may improve our
understanding of the pathophysiological mechanisms of PE.
2. Materials and methods

2.1. Pregnant women and samples collection

A total of 40 serum and urine samples were collected from
pregnant womenwho gave birth in the First Affiliated Hospital of
Jinan University between November 2015 and October 2016.
The serum and urine specimens were collected on admission.
According to the clinical data, 20 singleton pregnant women who
delivered in the hospital had PE complication, and 20 healthy
pregnant women without complications were selected as the
control based on similar maternal age at delivery and the similar
weight at delivery. A total of 20 pregnant women enrolled in our
study were diagnosed with PE. Briefly, PE pregnancies had a
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Table 1

Clinical characteristics and laboratory results.

Clinical features
Pre-eclampsia
pregnancies

Healthy
pregnancies P-value

Number, n 20 20 �
Age, year 28.95±4.16 30.05±4.22 .412
Weight, kg 68.55±8.37 68.03±7.40 .830
Maternal body mass index, kg/m2 29.26±1.81 26.95±1.26 .038
Gestational weeks at diagnosis 31.42±3.08 � �
Gestational weeks at delivery 35.16±3.37 38.99±1.66 .000
Systolic blood pressure, mm Hg 156.15±12.45 114.40±8.02 .000
Diastolic blood pressure, mm Hg 100.05±7.08 68.60±6.80 .000
Prothrombin time, seconds 11.37±0.62 11.54±0.91 .483
Activated partial thromboplastin

time, seconds
28.33±3.93 28.88±3.58 .646

Thrombin time, seconds 16.89±2.36 14.24±0.76 .000
Hemoglobin, g/L 111.50±12.78 114.95±11.11 .368
Urea nitrogen, mmol/L 4.28±1.53 3.58±1.05 .099
Creatinine, mmoI/L 58.26±15.47 42.30±7.65 .000
Newborn weight, g 2480.50±658.57 3276.00±378.98 .000
24-hour urine protein, mg 2062.45±1964.18 Negative �
Mean± standard deviation (n).
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systolic blood pressure ≥160mm Hg or diastolic blood pressure
≥110mm Hg on at least 2 occasions, accompanying severe
proteinuria (≥2g/24 hours) at 20 to 34 weeks of gestation. For
the healthy pregnancies, women with any other complications
during pregnancy were excluded from this study. As presented in
Table 1, there are no significant variations in age and weight
between PE pregnancies and healthy pregnancies. However, the
systolic blood pressure and the diastolic blood pressure of PE
pregnancies are significantly higher than those of the controls.
This study met the requirements of the Regional Committee for
Medical and Health Research Ethics of the First Affiliated
Hospital of Jinan University, and written informed consent was
achieved from all pregnant women. All procedures performed in
this study involving human participants were in accordance with
the Declaration of Helsinki of 1975, as revised in 2000.
2.2. Serum and urine collection and RNA preparation

Serum was collected from 20 PE pregnancies and 20 healthy
pregnancies after fasting by centrifugation under sterile con-
ditions. A total volume of 30 to 50mL of midstream morning
urine was collected from each subject in a sterile cup and stored at
Table 2

Primers used in the present study.

Primers Sequ

RT-hsa-miR-210 50-CTCAACTGGTGTCGTGGAGT
RT-hsa-miR-155 50-CTCAACTGGTGTCGTGGAGT
RT-hsa-miR-125a-5p 50-CTCAACTGGTGTCGTGGAGT
RT-hsa-miR-125b-5p 50-CTCAACTGGTGTCGTGGAGT
RT-U6 50-AACGCTTCACGAATTTGCGT
hsa-miR-210-F 50-ACACTCCAGCTGGGCTGTG
hsa-miR-155-F 50-ACACTCCAGCTGGGCTGTG
hsa-miR-125b-5p-F 50-ACACTCCAGCTGGGTCCCTG
hsa-miR-125a-5p-F 50-ACACTCCAGCTGGGTCCCTG
miRNA-R 50-CTCAACTGGTGTCGTGGA-3
U6-F 50-CTCGCTTCGGCAGCACA-30

U6-R 50-AACGCTTCACGAATTTGCGT

miRNA = micro ribonucleic acid, q-PCR = quantitative polymerase chain reaction, RT= reverse transcr

2

4°C until processing (<3 hours). Urothelial cells were pelleted
from the total urine sample by centrifugation (600�g, 4°C, and 5
minutes), rinsed in phosphate buffer solution, pelleted again, and
frozen for storage at �80°C. RNA was extracted from 250mL
serum and the urothelial cells using the Trizol LS reagent
(Invitrogen, CA) following the manufacturer’s instructions. The
RNAs were dissolved in 14mL RNase-free water. To minimize
DNA contamination, we treated the eluted RNA with 5mL of
DNase I (Promega, Shanghai, China) for 30minutes at 37°C. The
RNA concentration and purity were confirmed by the spectro-
photometric ratio using absorbance measurements at wave-
lengths of 260 and 280nm on a Beckman DU 640UV
spectrophotometer (Beckman, Fullerton, CA). The A (260/280)
absorbance ratio of isolated RNA was 1.8 to 2.0, demonstrating
that the RNA fraction was pure and could be used for
analysis.
2.3. Reverse transcription reactions

MiR-210, miR-155, miR-125b-5p, miR-125a-5p, and RNA U6-
specific cDNA sequences were synthesized from total RNA using
gene-specific primers, according to miRBASE database. Reverse
transcription (RT) reactions contained 1mg of total RNA, 50
nmol stem-loop RT primer (Table 2), 4mL of 5�RT buffer, 2mL
dNTP (10mmol/L), 5.0mL 5�buffer, 1mL of RNase inhibitor,
and 1mL Moloney Murine Leukemia Virus. The 20mL reaction
mixture was initially incubated at 85°C for 5minutes, 42°C for 60
minutes, and 85°C for 10minutes, then held at 4°C.
2.4. Real-time PCR

Expression of miR-210, miR-155, miR-125b-5p, and miR-125a-
5pwere assessed by the SYBRGreen-based real-time polymerized
chain reaction (PCR) method. The small nuclear RNA U6 was
used as an internal control. Real-time PCR (RT-PCR) analysis
was performed using primers 0.5mL, cDNA template 5mL,
2�SYBR Green PCR master mix 10mL and dH2O 4mL. The
analysis was performed using a 7500 Real-Time PCR System
(Applied Biosystems, Branchburg, USA). The thermocycling
program was of 40 cycles of 95°C for 15seconds, 60°C for 15s,
and 72°C for 32seconds with an initial cycle of 95°C for
5minutes. All PCRs were performed in triplicates. A sample was
considered positive if the amplification signal occurred before the
40th threshold cycle. Relative miRNAs expression values were
calculated by the 2-DCt method.
ences (50-30) Purpose

CGGCAATTCAGTTGAGTCAGCCGC-30 RT
CGGCAATTCAGTTGAGACCCCTAT-30 RT
CGGCAATTCAGTTGAGTCACAGGTT-30 RT
CGGCAATTCAGTTGAGTCACAAGTT-30 RT
-30 RT
CGTGTGACAGCGG-30 q-PCR
CGTGTGACAGCGG-30 q-PCR
AGACCCTAACT-30 q-PCR
AGACCCTTTAACC-30 q-PCR
0 q-PCR

q-PCR
-30 q-PCR

iption.
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2.5. Correlation analysis of miRNAs with PE

Univariate and multivariate logistic regressions were performed
to observe the correlations between candidate miRNA biomark-
ers and PE. Receiver operating characteristic (ROC) curves were
used to evaluate the diagnostic accuracy of selected miRNAs.

2.6. Statistics

All the results were defined as mean± standard deviation of
expression level of miR-210, miR-155, miR-125b-5p, and miR-
125a-5p. The one-way analysis of variance test and Bonferroni
adjusted Mann–Whitney U test were used to compare miRNAs
expression levels between PE pregnancies and healthy pregnan-
cies. Statistical analysis was performed using SPSS 16.0 statistical
software (SPSS, Inc, Chicago, IL) and a P-value of<.05 was
considered statistically significant.
3. Results

Clinical characteristics of pregnant women
Table 1 shows the main features of PE pregnancies and healthy

pregnancies. The median of ages of the pregnant women were
28.95±4.16 (PE pregnancies) and 30.05±4.22 weeks (healthy
pregnancies). There were no significant differences between the
PE pregnancies and healthy pregnancies with respect to ethnicity,
age, weight, partial thromboplastin time, activated partial
thromboplastin time, hemoglobin, and urea nitrogen. The days
of pregnancy were 246.10±23.60 (PE pregnancies) and 272.95
±11.63 weeks (healthy pregnancies) (P<.001).

3.1. Elevation of serum miR-210 level in PE pregnancies

Quantitative RT-PCRwas conducted to determine the expression
levels of serum and urine miR-210 in PE pregnancies and healthy
Figure 1. Serum miRNAs selected for verification by real-time PCR in PE pregnanc
were significantly higher in the PE pregnancies compared with the controls (P= .
compared with the controls (P= .023), while no significant differences were detecte
miRNAs were normalized to U6 snRNA (2-DCt).

∗�.05. miRNA = micro ribonucle

3

pregnancies. MiR-210 expression levels were significantly
increased in serum of PE pregnancies in comparison with those
of controls (t=2.943, P= .007) (Fig. 1). However, the difference
of urine miR-210 expression in PE pregnancies was not
significant compared with those of healthy pregnancies
(t=–0.408, P= .685) (Fig. 2).

3.2. Elevation of serum miR-155 level in PE pregnancies

To investigate the expression levels of the miR-155 in serum, we
measured miR-155 in PE pregnancies and healthy pregnancies.
MiR-155 level in serum was significantly increased in PE
pregnancies compared to healthy pregnancies (Z=–2.326,
P= .020) (Fig. 1), while there was no significant difference in
urine between PE pregnancies and healthy pregnancies
(Z=–0.054, P= .968) (Fig. 2).

3.3. Expression of miR-125b-5p and miR-125a-5p

Our data showed the expression level of miR-125b-5p in serum is
decreased in PE pregnancies compared to controls (Z=–2.272,
P= .023) (Fig. 1). However, miR-125a-5p in serum were not
different in PE pregnancies and healthy pregnancies (Z=–0.622,
P= .547) (Fig. 1). In Fig. 2, the expressions of these 2 miRNAs in
urine were not different in PE pregnancies compared with the
controls.
3.4. The expression ratio of miR-210 and miR-155 in
serum and urine

The expression ratio of miR-210(serum/urine) and miR-155
(serum/urine) in PE pregnancies were significantly increased, and
the difference was statistically significant (P= .046 and P= .01).
However, the expression ratio of miR-210(serum/urine) and
ies and healthy pregnancies. The levels of serum miR-210 (A) and miR-155 (B)
007 and P= .020). Serum miR-125b-5p (C) was lower in the PE pregnancies
d in the expression of miR-125a-5p (D) (P= .547). The expression levels of the
ic acid, PE = pre-eclampsia, snRNA = small nuclear ribonucleic acid.

http://www.md-journal.com


Figure 2. The differential expression levels of urine miRNAs in PE pregnancies versus healthy pregnancies. The levels of urine miR-210 (A) andmiR-155 (B) were no
different in PE pregnancies and controls (P= .685 and P= .968). Similar results were also obtained frommiR-125b-5p and miR-125a-5p. In urine, the levels of miR-
125b-5p (C) andmiR-125a-5p (D) were no different in PE pregnancies and controls (P= .512 andP= .862). The expression levels of themiRNAswere normalized to
U6 snRNA (2�DCt). miRNA = micro ribonucleic acid, PE = pre-eclampsia, snRNA = small nuclear ribonucleic acid.
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miR-155(serum/urine) in healthy pregnancies were not different,
as shown in Table 3.
3.5. Specificity and sensitivity of miR-210 and miR-155 for
PE pregnancies

In order to study the diagnostic accuracy of miR-210, miR-155,
or miR-125b-5p as biomarkers for PE, a ROC curve was
calculated (Fig. 3). The value of the area under the ROC curve
(AUC) between 0.5 and 1 is considered having diagnostic
significance. The AUC of miR-210 was 0.750 (95%, CI
0.592–0.908, P= .01). The AUC of miR-155 was 0.703 (95%,
CI 0.539–0.868, P= .036). The AUC of the expression ratio of
miR-210(serum/urine) was 0.761(95%, CI 0.605–0.917,
P= .005). The AUC of the expression ratio of miR-155 (serum/
urine) was 0.718 (95% CI 0.560–0.875, P= .019). However, the
AUC of miR-125b-5p was 0.290.

3.6. Correlation between the clinical data and miR-210
or miR-155

Urine miR-210 and 24-hour urine protein of PE pregnancies was
positively correlated (r=0.560, P= .010). Similar results were
Table 3

The expression ratio (serum/urine) of miR-210 and miR-155.

Group
The expression ratio of
miR-210 (serum/urine)

The expression ratio of
miR-155 (serum/urine)

PE 1.53±0.99
∗

1.61±1.25†

Controls 0.95±0.8 0.78±0.57
∗
Compared with healthy pregnancies, P<.05.

† Compared with healthy pregnancies, P<.01.
PE = pre-eclampsia.
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also obtained from miR-155 (r=0.552, P= .012), as shown in
Fig. 4.

4. Discussion

In the present study, we confirmed that miR-210 and miR-155
were upregulated in the serum of PE pregnancies by a
case–control study compared with healthy pregnancies. MiR-
210 has been involved in various pathophysiological pathways,
such as cancer, oxidative stress, and apoptosis.[8,9] Recently miR-
210 has been found to be upregulated in PE placentas compared
with normal placentas.[10] In PE pregnancies, the oxygen tension
at the feto–maternal interface was much lower than healthy
pregnancies due to the reconstruction of maternal blood vessels
by trophoblasts.[11,12] Upregulated miR-210 was associated with
the placental mitochondrial dysfunction by targeting several
mitochondria-related proteins, such as ISCU, NDUFA4,
THSD7A, and KCMF1.[8,13,14] These proteins are critical for
mitochondrial oxidation–reduction reactions. Furthermore, the
impairment of trophoblast cell invasion by these proteins
aggravate the hypoxic condition at the feto–maternal inter-
face.[11,15] Such an injurious feedback loop between oxygen
tension, miR-210 expression, and trophoblast cell invasion play
an important role in the pathogenesis of PE.[11] By using the gene
microarray, Mayor-Lynn et al[16] found that over 100 gene
expressions are regulated by miR-210 in PE. Indeed, many
reports have demonstrated that the hypoxia/NF-kB/mir-210/
EFNA3 pathway played an important role in the pathogenesis of
PE.[8,17] The luciferase assay confirmed that both HIF-1a and
NF-kBp50 bound to the miR-210 promoter and induced its
expression.[17] Overexpression of miR-210 decreased STAT6 and
IL-4, suggesting that TLR3 activation induced placental miR-210
through HIF-1a and NF-kBp50 leading to decreased STAT6 and
IL-4 levels and this contributed to the development of PE.[17] In



Figure 3. ROC curve analysis for candidate miRNAs between the cases of PE pregnancies and healthy pregnancies. The ROC display the true positive rates versus
the false positive rates (i.e., “sensitivity” versus “1–specificity”). The reference line represents the ROC curve for a statistical test with the controls. The AUC (areas
under the ROC curve) of miRNA-210 andmiR-155 were 0.724 (P= .015, CI=0.567–0.881) and 0.715 (P= .020, CI=0.556–0.874), respectively (A). The AUC of the
expression rates of miRNA-210 (serum/urine) and miRNA-155 (serum/urine) were 0.761 (P= .005, CI=0.605–0.917 and 0.718 (P= .019, CI=0.560–0.875),
respectively (B). However, the AUC of miR-125b-5p was 0.290 (C). The AUC between 0.5 and 1 was considered having diagnostic significance. AUC = area under
the curve, CI = confidence interval, miRNA = micro ribonucleic acid, PE = pre-eclampsia, ROC = receiver operating characteristic.
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recent years, ISCU and KCMF1 have been found to contribute
the occurrence of PE. After miR-210 binding to ISCU mRNA 3’
UTR, the decreased expression of ISCU resulted in autophago-
somal and siderosomal iron accumulation and a fourfold
decrease of Matrigel invasion. This finding suggested that ISCU
downregulation by miR-210 perturbing trophoblast iron metab-
olism was associated with defective placentation.[8] In addition, 1
recent report indicated that aberrant miR-210 expression
contributed to the occurrence of PE by interfering with
KCMF1-mediated signaling in the human placenta.[15]

MiR-155 was identified to be an essential regulator of
endothelium-dependent vasorelaxation.[18] In 2010, Zhang
et al[19] for the first time found that microRNA-155 contributed
to PE by downregulating CYR61. Li et al[20] demonstrated a
significant increase in the levels of miR-155 and decreased eNOS
expression in the severe PE placentas, as compared with the
controls. Recently, miR-155 has been found involving in NF-kB-
dependent miR-155/eNOS pathway in the pathogenesis of PE.[21]

A transwell insert invasion assay demonstrated that miR-155
inhibited cell invasion in trophoblast cells, and the effect was
Figure 4. Comparison of the expression levels of urine miRNA-210 and miRNA-15
and miRNA-155 (B) both have a positive correlation with the 24-hour urine total

5

rescued by the overexpression of eNOS. This study revealed that
miR-155 has a negative regulatory role in the migratory behavior
via modulating eNOS.[18] Furthermore, Kim et al[21] demon-
strated that the redox-sensitiveNF-kB/miR-155/eNOS axis might
be crucial in the pathogenesis of vascular disorders including PE.
MiR-125b-5p is a member of miR-125b family. It has been
implicated in many pathophysiological pathways, such as
hepatitis B infection, gallbladder cancer, or acute myocardial
infarction.[22–24] MiR-125b-5p could be used as novel noninva-
sive biomarkers of hepatitis B virus-related hepatocellular
carcinoma.[25] One recent study has shown that downregulation
of miR-125b-5p was a common phenomenon shared between
gestational hypertension, PE, and intrauterine growth restric-
tion.[6] However, the molecular mechanism of miR-155 andmiR-
125b-5p in the development of PE remains unclear.
In recent years, miRNAs have been identified to be involved in

the pathogenesis of various disease processes, such as rheumatoid
arthritis and urologic cancers, by regulating the corresponding
gene expression.[26,27] In our study, we demonstrated that miR-
210 and miR-155 had the potential to be diagnostic biomarkers
5 with urine protein in PE pregnancies. The expression level of miRNA-210 (A)
proteins. miRNA = micro ribonucleic acid, PE = pre-eclampsia.

http://www.md-journal.com
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for PE because miR-210 and miR-155 in serum were elevated in
the PE pregnancies. ROC analysis is a widely accepted method
for analyzing and comparing the diagnostic accuracy of body
fluid tests. By performing ROC analysis, we found that miR-210
and miR-155 had the diagnostic power with an AUC of 0.750
and 0.703, respectively. These results revealed that serum miR-
210 and miR-155 detection was specificity and sensitivity tests
for the diagnosis of PE. Recently, several potential proteins
markers, such as PAPP-A, s-Flt-1/PlGF, s-Endoglin, and PP13,
have been discovered for the prediction or the detection of
PE.[28,29] However, the sensitivity and specificity of these markers
for PE diagnosis still need to be investigated because these
markers could not be commercialized. Compared with the
protein markers, the main advantages of miRNAs are the
relatively low price, high throughput, and high sensitivity and
specificity. Although our report open perspectives for miRNAs as
biomarkers for the PE diagnosis, a large amount of work is
required in the future. Foremost, it requires a standardization of
methods/techniques used in miRNA profiling.
Renal damage is one of the most common complications of PE.

At present, proteinuria is a necessary condition for PE diagnosis.
A number of studies have confirmed the positive correlation
between proteinuria and maternal perinatal outcome.[30,31] Data
from our study demonstrated that the expressions of urine miR-
210 and miR-155 in the PE group were positively correlated with
the 24-hour urine protein, suggesting that urine miR-210 and
miR-155 could be used as an index of evaluating the severity of
kidney injury in PE pregnancies. Screening PE pregnancies with
these 2 miRNAs makers in urine can reduce the risk of kidney
injury.
In conclusion, our study identified that an elevation of miR-

210 and miR-155 expression in the serum has been found to be
associated with the development of PE. In the further study, these
2 markers, miR-210 and miR-155, still need to be investigated by
increasing the sample size. Moreover, more studies are needed to
clarify the function of the elevated miR-210 and miR-155 in PE
and how these relate to the etiological and pathophysiological
characteristics of the PE. Our findings may provide a novel
diagnosis method to identify women who are at risk for
developing PE.
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