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	 Background:	 Long non-coding RNAs (lncRNAs) have emerged as crucial regulators of tumor progression. However, the ef-
fects of lncRNAs in preeclampsia are not entirely clear. The aim of this study was to demonstrate the potential 
of lncRNAs to serve as biomarkers in preeclampsia.
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of HTR-8/SVneo cells, while the silencing of G36948 promoted the proliferation, migration, and invasion abili-
ties of HTR-8/SVneo cells.

	 Conclusions:	 NR_027457, AF085938, G36948, and AK002210 can serve as potential diagnostic biomarkers in preeclampsia, 
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Background

Preeclampsia, which is characterized by high blood pres-
sure and proteinuria, is a pregnancy-specific disease that can 
cause a series of problems to both mother and fetus [1,2]. 
Without proper and timely prevention, it may progress to a 
worse stage known as eclampsia, which is accompanied by 
seizures and other severe impairments, including the devel-
opment of hemolysis, elevated liver enzymes, and low plate-
let (HELLP) syndrome, hemorrhagic or ischemic stroke, liver 
damage and dysfunction, kidney injury, and acute respirato-
ry distress syndrome (ARDS) [3–5]. Preeclampsia usually oc-
curs 20 weeks after the beginning of pregnancy, and it can be 
subdivided into 2 types: that which occurs before 34 weeks 
of gestation is termed early onset preeclampsia, and late on-
set preeclampsia, which occurs from ³34 weeks to deliv-
ery [6,7]. Preeclampsia involves multiple risk factors, such as 
hypertension in pregnancy, diabetes, autoimmune disorders, 
and previous preeclampsia [8, 9]. The identification of preg-
nant women at risk for preeclampsia provides an opportunity 
for its prevention [10]. Unfortunately, most proposed prima-
ry prevention agents, including oral antioxidants, dietary, as-
pirin, and activity restrictions, lack proven efficacy [11–15]. In 
addition, preeclampsia is a multi-system disease that is asso-
ciated with adverse maternal and fetal outcomes; therefore, 
to avoid morbidity and mortality, we cannot misdiagnose true 
patients with preeclampsia according to the clinical diagnos-
tic criteria. Research by the International Society for the Study 
of Hypertension in Pregnancy (ISSHP) has also found that the 
lack of a consensus is the major reason for the controversy re-
garding the counselling, management, and documentation of 
pregnancy outcomes [16]. Therefore, preeclampsia has been 
defined as both hypertension and proteinuria (defined as ³300 
mg per 24 h or a spot urine protein/creatinine ratio of ³30 
mg/mmol) [16,17]. Many studies have been published on the 
functions and mechanisms of preeclampsia [18–20]. A great-
er understanding of the genetic and molecular pathways in-
volved in the pathogenesis of preeclampsia is essential and 
may provide future targets for therapeutic action.

Reliable biomarkers for prediction and diagnosis would con-
tribute to maternal health, and several promising markers 
have been suggested, including PlGF, PP13, endothelin-1, plas-
ma-P-selectin, and PAPP-A [21–23]. Although preeclampsia 
can be diagnosed through the measurement of blood pres-
sure and proteinuria as well as by other biochemical or bio-
physical markers, the expression of lncRNAs (long non-cod-
ing RNAs) and the roles they play in preeclampsia are unclear. 
LncRNA is defined as a non-protein coding transcript that is 
longer than 200 nucleotides and that functions as a regulator 
of gene expression; lncRNAs have vital effects on imprinting 
control, cell differentiation, immune responses, human dis-
eases, and other biological processes [24,25]. An advantage 

to targeting lncRNAs over messenger RNAs (mRNAs) is that 
targeting a single lncRNA has the potential to affect multiple 
downstream pathways and therefore can amplify the effect 
of a single target [26]. Targeting multiple pathways may also 
lead to unwanted adverse effects, so the functions of lncRNAs 
should be completely characterized before they are used as 
therapeutic targets. Many different methods are currently be-
ing developed to silence lncRNAs in cancer, including siRNAs, 
antisense transcripts, and aptamers, which have potentially to 
be adapted for use in the treatment of preeclampsia [24,27].

Thus, we attempted to seek potential and valid lncRNAs to 
serve as biomarkers for the efficient and precise prediction 
and diagnosis of preeclampsia. Beyond that, we investigated 
the impact of alterations in candidate lncRNAs on cell func-
tion when their expression deviated from the normal level. The 
experimental results indicated that NR_027457, AF085938, 
G36948, and AK002210 may be potential predictive and diag-
nostic biomarkers for preeclampsia. Moreover, the expression 
changes in these lncRNAs would cause cell functional disorders.

Material and Methods

Patients and samples

Samples from patients who were diagnosed with preeclampsia 
were collected between 2011 and 2016 from the Lianyungang 
Maternal and Children’s Hospital; control samples were ob-
tained from normal controls (pregnant women who were 
completely healthy) and were also provided by Lianyungang 
Maternal and Children’s Hospital. The patient data were fully 
recorded, and the samples were processed according to stan-
dard protocols. The exclusion criteria were as follows: patients 
with diabetes, chronic nephritis, chronic hypertension, heart 
diseases, autoimmune diseases, multiple pregnancies, throm-
bophilic conditions, vaginal delivery, fetal malformations, and 
HELLP syndrome. The clinical characteristics assessed at en-
rollment are shown in Table 1. The blood samples were cen-
trifuged for 15 min at 3000×g at 4°C, and then the serum was 
collected and stored at −80°C. All protocols used in this study 
were accepted by the patients and were approved by the Ethics 
Review Board of Lianyungang Maternal and Children’s Hospital.

RNA extraction and quantitative real-time PCR (qPCR)

Total RNA was isolated using TRIzol reagent (Invitrogen, 
Carlsbad, CA, USA) according to the manufacturer’s instruc-
tions. The cDNA was synthesized using Oligod (T)18 primer, 
and the synthesis was catalyzed by PrimeScript® RT reagent 
Kit (Perfect Real Time) (TaKaRa, Japan). The primers used in the 
qPCR experiments are shown in Table 2. The reaction mixture 
contained 10 μL of 2×SYBR Premix Ex Taq™ (TaKaRa, Japan), 
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0.4 μL of 50×ROX Reference Dye II, 0.5 μL of 10 μM forward 
and reverse primers, 2 μL of template cDNA and ddH2O in a fi-
nal volume of 20 μL. The qPCR reaction was performed with a 

denaturation step of 10 min at 95°C; followed by 35 cycles at 
95°C (10 s), 60°C (40 s), 72°C (30 s), and a final step at 72°C 
for 10 min. The relative lncRNA expression levels were calcu-
lated using the 2–DDCt method [28].

Cell culture and siRNA transfection

The human immortalized first trimester trophoblast cell line 
HTR8/SVneo was used in the Transwell assay as previously de-
picted [29]. Briefly, HTR8/SVneo cells were cultured in RPMI 
1640 medium (Gibco, Thermo Fisher Scientific, USA) with 10% 
fetal bovine serum (Gibco, Thermo Fisher Scientific, USA) and 
were maintained in a humid atmosphere at 5% CO2 and 37°C. 
The cells were incubated in serum-free RPMI 1640 medium 
for different time intervals for serum starvation. Torin1 stim-
ulation was performed by incubating the cells in fresh me-
dium containing different concentrations of Torin1 for 24 h. 
Transfection of small interfering RNA (siRNA) was performed 
using Lipofectamine 2000 (Thermo Fisher Scientific, USA) ac-
cording to the manufacturer’s instructions.

Cell proliferation assay

An MTT assay was performed to evaluate the effects of si-
lncRNA as previously reported [30]. Briefly, the cells were 
harvested with trypsin and seeded at a concentration of 
2×105 cells/well in a 24-well plate. Then, 20 µl of MTT reagent 
was added to each well, and the cells were incubated at 37°C 
for 4 h, followed by the addition of 150 µl dimethylsulfoxide 
(DMSO). The absorbance was determined sequentially at 48 h 
using a microplate reader at 490 nm (Sunrise™; Tecan Group 
Ltd., Männedorf, Switzerland).

Characteristic Preeclampsia (n=81) No Preeclampsia (n=81) P-value

Age (years)

	 £35 	 57	 (70.37%) 	 59	 (72.84%)
0.43

	 >35 	 24	 (29.63%) 	 22	 (27.16%)

BMI at enrollment 	 26.9±1.48	 (22.8–31.7) 	 24.2±1.12	 (21.4–28.6) <0.001

Blood pressure

	 Systolic 	 113±4.81	 (108–119) 	 110±2.07	 (101–114) <0.001

	 Diastolic 	 69±4.74	 (62–73) 	 66±4.43	 (61–70) <0.001

Proteinuria 	 2.7±0.85	 (0.3–6.4) 	 0.12±0.05	 (0–0.3) <0.001

Gestational age (years) 	 33.2±2.69	 (27–38) 	 33.3±1.88	 (26–38) 0.78

Previous pregnancy 	 15	 (19.75%) 	 19	 (23.46%) 0.28

Table 1. The clinical characteristics assessed at enrollment.

Gene Sequence of primers (5’-3’)

NR_027457 
F: GTCCTTTGCAGCAACATGGA
R: TTCAACCCATGCACCTCTCT

BC030099
F: CAGCTGAGCGGGACATTTAC
R: GGTCTGAAAGGATGGAGGCT

AF037219
F: TGAAGCTGTTGAGGGAGGAG
R: CCCTCCACCTTCTTTCCCAT

NR_024178
F: ACAGGCTAGGAGAGAAGGGA
R: CTTAAGCATCTTCACGGCCC

AF085938
F: GAGCAACACAAGCAGCATCT
R: TGAGAGGATATTGTGGCCGA

G43016
F: TCAGTAATGCTCTAGTCCAGGG
R: ACAGGTTGCTTGGTCTCAC

G36948
F: AGACCTACCCTCGACCCAG
R: TGGGAGTTCTGCTGGATTCA

NR_029420
F: GAGACCTTGGCCAAACACAG
R: TTGTCAGCTTTCTTGTGGGC

NR_024015
F: CGCCCATTCTGCTCTTCTTC
R: GGAGGTTTCAGAGATGGGCT

AK002210
F: CTACCCCAGCTCGCATCATA
R: TGACTTCGATCTGCCCACTT

NR_026643
F: CTGGTACTGGGATTTGGGGT
R: TGCTGACCTGGACAAGAGAG

AL049277
F: AGCCTTTCCACTCCCAACTT
R: TCTCCCCAGACTTGCCAAAC

GAPDH
F: TATGATGATATCAAGAGGGTAGT
R: TGTATCCAAACTCATTGTCATAC

Table 2. The primer sequences of the related lncRNAs.
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Cell migration and invasion assay

A Transwell assay was performed to examine the invasion and 
migration abilities of cells transfected with si-NR_027457, si-
AF085938, si-G36948, or si-AK002210. For the invasion assay, 
2×105 cells were suspended in 200 µl medium and then plat-
ed into the upper chamber of the Transwell plate (8 μm pore 
size; Corning Inc.; NY, USA), which was coated with Matrigel. 
Then, 0.5 ml medium supplemented with 10% FBS was add-
ed to the lower chamber. After incubation at 37°C for 24 h, a 
portion of cells remained on the surface of the upper mem-
brane; these cells were removed with a cotton swab, and the 
cells on the surface of the reverse membrane were stained 
with crystal violet. The stained cells were examined by con-
focal microscopy, and the numbers of cells were calculated 
in at least 5 random images, including the upper, lower, left, 
right, and middle areas of each image. The general manipula-
tion steps of the migration assay were the same as those de-
scribed above but without Matrigel.

Statistical analysis

All statistical analysis was performed with SPSS version 19.0 
(SPSS Inc, Chicago, IL, USA). The t test was used to detect 
variations in the data between patients and normal controls. 
Receiver operating characteristic (ROC) curves were generat-
ed to estimate the utility of each parameter as a tool for pre-
dicting preeclampsia, and the area under the ROC curves and 
the related parameters were also calculated in order to ana-
lyze the diagnostic points. The log-rank test was used to ana-
lyze survival, and the Kaplan-Meier method was used to plot 
the survival curves. In all analyses, p-value<0.05 was consid-
ered statistically significant.

Results

The expression levels of 12 lncRNAs in the serum of 
patients with preeclampsia

This study first determined the genome-wide lncRNA expres-
sion patterns in placentas derived from patients with pre-
eclampsia using a Human LncRNA Microarray [27]. The results 
showed that clusters of lncRNAs were aberrantly expressed 
in placentas from patients with preeclampsia. Simultaneously, 
this study also demonstrated that LOC391533, LOC284100, and 
CEACAMP8 might contribute to the underlying mechanism of 
preeclampsia. In our study, we randomly selected relatively 
distinct lncRNAs, such as NR_027457, BC030099, AF037219, 
NR_024178, AF085938, G43016, G36948, NR_029420, 
NR_024015, AK002210, NR_026643, and AL049277. In this 
research, serum samples from all 81 patients with preeclamp-
sia were obtained, and the expression levels of 12 various 

lncRNAs were detected by qRT-PCR according to the method 
described in a previous study. Compared with the normal con-
trols, 4 lncRNAs were found to be differentially expressed in 
the serum samples of patients with preeclampsia; these ln-
cRNAs were NR_027457, AF085938, G36948, and AK002210. 
The qRT-PCR results indicated that NR_027457 and AF085938 
were significantly up-regulated, while G36948 and AK002210 
were significantly down-regulated, and no significant differ-
ence was observed in the remainder of the lncRNAs that were 
tested (Figure 1A–1C).

The correlation between the expression levels of 4 
lncRNAs and preeclampsia

The differential expression of the lncRNAs NR_027457, 
AF085938, G36948, and AK002210 was verified by qRT-PCR, 
suggesting that they may have potential value as diagnostic 
markers of preeclampsia; moreover, the results clearly con-
firmed this via the ROC curves and the area under the ROC 
curves (AUC) of NR_027457, AF085938, G36948, and AK002210 
(Figure 2A). Among these, the AUCs of AF085938 (AUC=0.7673, 
P<0.001), G36948 (AUC=0.7956, P<0.001), and AK002210 
(AUC=0.7575, P<0.001) were larger than 0.75, which indicat-
ed that the performance of these 3 lncRNAs can be considered 
“fair” in the prediction of preeclampsia (Figure 2A). However, the 
results of NR_027457 (AUC=0.5633, P=0.164) were not as good 
as those for the previously mentioned 3 lncRNAs (Figure 2A). 
In addition, the Kaplan-Meier analysis showed that patients 
with higher expression of NR_027457 and AF085938 would be 
more likely to experience preeclampsia at an earlier time than 
patients who expressed lower levels; patients with lower ex-
pression of G36948 and AK002210 would also be more like-
ly to experience preeclampsia at an earlier time than patients 
with higher levels. In summary, patients with high expression 
levels of NR_027457 and AF085938 are more likely to relapse 
than patients with low expression levels of NR_027457 and 
AF085938; patients with low expression levels of G36948 and 
AK002210 are more likely to relapse than those patients with 
high expression levels of G36948 and AK002210. Therefore, 
NR_027457, AF085938, G36948 and AK002210 indicate a good 
prognosis and have the potential to be valid markers for the 
prediction of preeclampsia (Figure 2B).

The effects of lncRNA NR_027457, AF085938, G36948, 
and AK002210 knockdown on cell proliferation

The patient-derived serum samples were tested, and the results 
showed that the lncRNAs NR_027457, AF085938, G36948, and 
AK002210 had high potential to be valid markers for the pre-
diction of preeclampsia. For further research and for the vali-
dation of the availability of selecting these lncRNAs as mark-
ers, in vitro experiments were conducted. SVneo cells were 
transfected with the synthesized interfering oligonucleotide 
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sequences si-NR_027457, si-AF085938, si-G36948, and si-
AK002210 or with the corresponding control siRNA. As the re-
sults showed, the expression of all 4 lncRNAs in SVneo cells 
transfected with siRNAs was dramatically decreased compared 

with the control groups transfected with the negative control 
(si-NC) (Figure 3A). The results of the MTT assay showed that 
the proliferation rate of si-NR_027457- and si-AF085938-trans-
fected cells was significantly inhibited, which suggests that the 
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Figure 1. �The expression levels of 12 different lncRNAs in the serum samples of patients with preeclampsia were examined by qRT-
PCR. (A–C) In all, 81 serum samples were collected from patients with preeclampsia and from normal controls. The statistical 
results for the expression levels of lncRNA were demonstrated in healthy controls and in patients with preeclampsia, and 
each lncRNA is presented in an individual plot. The X axis shows the categories, the Y axis represents the relative expression 
levels of the lncRNAs (2–DDCt), and ns indicates no significance (* P<0.05, ** P<0.01, *** P<0.001).
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silencing of NR_027457 and AF085938 suppressed the prolif-
eration of SVneo cells. In contrast, the proliferation rate of si-
G36948- and si-AK002210-transfected cells was significantly 
promoted, which suggests that the silencing of G36948 and 
AK002210 promotes the proliferation of SVneo cells (Figure 3B). 
In summary, NR_027457, AF085938, G36948, and AK002210 
play roles in cell proliferation.

The effects of lncRNA NR_027457, AF085938, G36948, 
and AK002210 knockdown on cell invasion and migration

To explore the effects of NR_027457, AF085938, G36948, and 
AK002210 on the invasion and migration abilities of the cells, 
a Transwell assay was performed using SVneo cells transfected 
with si-NR_027457, si-AF085938, si-G36948, and si-AK002210 
or with the negative control siRNA. The results showed that 
the knockdown of NR_027457 and AF085938 significantly 
suppressed the cell migration and invasion abilities in vitro 
(Figure 4A, 4B), while the silencing of G36948 and AK002210 
in SVneo cells significantly promoted the cell migration and 
invasion abilities (Figure 4C, 4D). These results suggest that 
NR_027457, AF085938, G36948, and AK002210 act as impor-
tant regulators in the SVneo cell line.

Discussion

Previous studies on the prediction, diagnosis, and treat-
ment of preeclampsia have mainly concentrated on physi-
ological and biochemical indexes [24,31–33]. However, no 
single biomarker can be regarded as a standard and valid 

diagnostic marker [34,35]. Some new predictive markers and 
therapeutics have been explored, and angiogenic factors, in-
cluding soluble fms-like tyrosine kinase 1, an endogenous 
vascular endothelial growth factor inhibitor, have been im-
plicated [36–39]. We attempted and managed to solve this 
problem by other approaches using lncRNAs as new diag-
nostic targets. LncRNAs have been demonstrated to be reli-
able biomarkers and are commonly used as biomarkers for 
the prediction and diagnosis of cancers [24,40,41]. To inves-
tigate the roles of lncRNAs in preeclampsia, above all, we ex-
plored numerous prior studies of lncRNA and preeclampsia to 
find some clues. The research by X He et al. provided a series 
of lncRNAs that were up-regulated or down-regulated in pa-
tients who were clinically diagnosed with preeclampsia by mi-
croarray [27]. From those lncRNAs, we selected NR_027457, 
BC030099, AF037219, NR_024178, AF085938, G43016, G36948, 
NR_029420, NR_024015, AK002210, NR_026643, and AL049277 
as our research objects.

To confirm the different expression levels of these lncRNAs, 
serum samples were collected from patients with preeclamp-
sia and from healthy controls and were tested by qRT-PCR. 
The results showed that the expression levels of NR_027457, 
AF085938, G36948, and AK002210 in the serum derived 
from patients with preeclampsia deviated from their normal 
expression levels, in accordance with a previous study [27]. 
Then, the data were further analyzed using the ROC curve 
and Kaplan-Meier analysis. As we expected, the AUC of these 
4 lncRNAs were all larger than 0.5, and the AUC of AF085938, 
G36948, and AK002210 were even larger than 0.75 accord-
ing to the ROC curves. Moreover, the significant potential of 
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Figure 3. �The silencing of NR_027457, AF085938, G36948, and AK002210 affected the proliferation abilities of SVneo cells. SVneo cells 
were transfected with negative control siRNAs (si-NC), NR_027457 siRNAs (si-NR_027457), AF085938 siRNAs (si-AF085938), 
G36948 siRNAs (si-G36948), or AK002210 siRNAs (si-AK002210). (A) The expression levels of NR_027457, AF085938, G36948 
and AK002210 were detected by qRT-PCR assays (** P<0.01, *** P<0.001). (B) The proliferation abilities were measured by 
MTT assay in treated SVneo cells (* P<0.05, ** P<0.01, *** P<0.001).
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these lncRNAs to be diagnostic markers of preeclampsia was 
also shown by the Kaplan-Meier analysis. Since most diseas-
es involve the dysfunction of cells, and preeclampsia is no ex-
ception, we sought to determine the roles of these 4 lncRNAs 
in cells that may be affected in preeclamptic patients by per-
forming in vitro cell experiments (MTT analysis and Transwell 
assay). The expression of these 4 lncRNAs was knocked down 
in vitro by transfection of si-lncRNAs. The results showed that 
in the siRNA-transfected cells, the capacity of the cells to pro-
liferate, migrate, and invade was remarkably affected. A large 
number of studies have drawn similar conclusions, and the ln-
cRNA SPRY4-IT1 was demonstrated to modulate proliferation, 
migration, apoptosis, and network formation in the tropho-
blast cell line HTR-8SV/neo [42]. The lncRNA MEG3 was found 

to promote apoptosis and suppress the migration of tropho-
blast cells [43]. The lncRNA CCAT1 promotes colon cancer cell 
proliferation and invasion [44]. All these results indicate that 
NR_027457, AF085938, G36948, and AK002210 can be selected 
as biomarkers for the diagnosis of preeclampsia. Although the 
results were promising, some issues still need to be resolved. 
In vitro experiments have demonstrated that these 4 lncRNAs 
play roles in cell proliferation, migration, and invasion, but no 
in vivo data were obtained; therefore, the mechanism is still 
unclear. In addition, the number of included patients was too 
small, and more data are required to validate the conclusion 
of this study. Still, this research may provide a new perspec-
tive and a useful reference in the diagnosis of preeclampsia.

Figure 4. �The results of the Transwell assays revealed that the silencing of NR_027457, AF085938, G36948, and AK002210 suppressed 
the cell migration and invasion capabilities in vitro. Images obtained from the Transwell assay illustrate the migratory and 
invasive abilities of treated cells compared with those of cells treated with si-control; the statistical results are shown 
alongside the images. (A) The result of si-NR_027457 and the corresponding control. (B) The result of si-AF085938 and the 
corresponding control. (C) The result of si-G36948 and the corresponding control. (D) The result of si-AK002210 and the 
corresponding control (* P<0.05, ** P<0.01, *** P<0.001).
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Conclusions

We demonstrated that NR_027457, AF085938, G36948, and 
AK002210 may serve as potential diagnostic biomarkers for 
preeclampsia. However, further studies are needed to validate 
this observation on the prognostic and therapeutic effects of 
NR_027457, AF085938, G36948, and AK002210 in preeclampsia, 
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