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Abstract. Preeclampsia is a common syndrome in pregnancy
and a leading cause of mortality of pregnant females and
their infants. To investigate the diagnostic and prognostic
utility of IncRNA T-cell leukemia/lymphoma 6 (TCL6) in
patients with preeclampsia, 120 singleton pregnant females
with preeclampsia and another 100 healthy pregnant control
subjects were analyzed in the present study. The expression
of IncRNA TCLG6 in the serum of the included patients was
detected. Receiver operating characteristic curve analysis
was applied to evaluate the efficiency of IncRNA TCL6 in
terms of preeclampsia diagnosis and grading. Kaplan-Meier
analysis was adopted to assess the effect of IncRNA TCL6
expression on the rate of adverse pregnancy. Multivariate
logistic regression was used to determine high-risk factors of
adverse pregnancy. The results indicated that IncRNA TCL6
was significantly increased in the serum of patients with
preeclampsia. Furthermore, TCL6 was elevated in subgroups
of patients with early-onset or severe preeclampsia and
with Haemolysis, Elevated Liver enzymes and Low Platelet
count syndrome in comparison with other patients with
preeclampsia. High expression of TCL6 in pregnant females
corresponded to a higher rate of adverse pregnancy outcomes.
Severe preeclampsia, early-onset preeclampsia and high TCL6
expression were identified as independent risk factors for
adverse pregnancy outcomes. For each unit increase in TCL6
expression, a 9.5-fold increase of the risk of adverse maternal
and fetal outcomes was determined. Collectively, high expres-
sion of IncRNA TCL6 may assist the diagnosis and grading
of preeclampsia and may be adopted as an independent risk
factor for adverse pregnancy outcomes.
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Introduction

Preeclampsiais acommon health condition in pregnant females,
which is characterized by hypertension and multiple organ
failure including renal, liver and lung dysfunction (1). It is a
leading cause of mortality of pregnant females and infants (2).
Preeclampsia poses a risk to millions of pregnant females
during pregnancy, among which almost 300,000 females
decease along the process and >500,000 infants expire
annually worldwide, including the death prior to birth and
afterwards (3). According to the severity parameters of
preeclampsia, pregnant females with signs of blood pressure
>160/110 mmHg, thrombocytopenia [with platelet count (PLT)
<100x10°/1], renal insufficiency (serum creatinine two times
higher than the normal limit) and serum alanine aminotrans-
ferase (ALT) more than two times of the normal limit, are at
a higher risk of severe preeclampsia (SPE) (4). Haemolysis,
Elevated Liver enzymes and Low Platelet count (HELLP)
syndrome is a high-risk factor for mortality of pregnant females
and infants characterized by signs of haemolysis, elevation
of the liver enzymes and low PLT (5). HELLP syndrome is
a serious complication of pregnancy owing to hypertensive
disorder, which is a cause of preeclampsia, accounting for
about 1/4 of preeclampsia (5). In the past years, researchers
have been concentrating on the cause and the pathological
mechanism of preeclampsia (6). Extensive research is neces-
sary for the adoption of epidemiological methods to follow
up the prognosis of patients with preeclampsia and determine
risk factors to provide evidence-based medical insight into
assessing the condition and preventing adverse outcomes of
pregnant females and their infants.

Long noncoding RNAs (IncRNAs) are a class of
non-translatable RNA longer than 200 nucleotides; stable in
serum and other biological fluids, they function as a defini-
tive indicator for evaluating disease and tissue specificity (7).
Since the initial discovery of IncRNAs, accumulating
evidence has indicated their significance in the development
and functioning of the placenta, where anomalies in placental
differentiation and function critically affect the pregnancy
outcome and postpartum maternal and infant health (8). T-cell
leukemia/lymphoma 6 (TCL6) is an IncRNA identified in
T-cell leukemia; it is located in the breakpoint cluster region
on chromosome 1432, also known as TNGI or TNG2 (9).
Emerging evidence has supported the potential role of TCL6
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as a tumor suppressor (10-12). A study identified an association
between IncRNA TCL6 and immune infiltration and suggested
it may be adopted as a molecular marker for the prognosis of
breast cancer (13). A recent study indicated that TCL6 is highly
expressed in the placenta of patients with threatened abortion
and may serve as a modulator of trophoblast function via the
epidermal growth factor receptor signaling pathway (14). In
addition, a previous study has elucidated the involvement
of TCL6 in the pathogenesis of preeclampsia, where its
high expression may inhibit the proliferation of trophoblast
cells (15).

Currently, only a limited number of studies have focused
on TCL6 and preeclampsia and the relationship between
the expression of IncRNA TCL6 and the diagnosis, grading
and prognosis of preeclampsia warrants further exploration.
The aim of the present study was to investigate the IncRNA
TCL6 expression in the serum of pregnant females with
preeclampsia as compared with that in normal controls and
assess the association of TCL6 with the diagnosis and severity
of preeclampsia and pregnancy outcomes.

Materials and methods

Study subjects. Pregnant women from January 2018 to
December 2019 in obstetrics department of The Affiliated
Hospital of Yunnan University were selected. The purpose,
operation process and possible impact of the clinical study
were explained to them through interview. The case data
were reviewed by the medical professionals to determine
whether they were suitable for the study. The patients who
were fully informed and agreed to participate in the study
were included in the study. A total of 120 females during
late singleton pregnancy (gestational age =28 weeks) with
preeclampsia hospitalized at the Second People's Hospital of
Yunnan Province (Kunming, China) between January 2018
and December 2019 were enrolled as the experimental group
of the present study, including 60 cases of mild preeclampsia
(MPE) and 60 cases of SPE. Another 100 healthy females in
late singleton pregnancy were enrolled as the control group.
Healthy subjects during the same period were matched
with preeclampsia patients according to age + 3 years and
gestational age + 2 weeks. All patients were admitted to the
hospital when they were enrolled until delivery and discharge.
From all participants, whole-blood samples and 24-h urine
samples were collected. The diagnosis of preeclampsia and
grouping of subjects were performed strictly according to
the hypertension in pregnancy published by the American
College of Obstetricians and Gynecologists in 2013 (16) and
the Diagnosis and treatment guidelines of hypertensive disor-
ders in pregnancy published by the Obstetrics and Gynecology
Subcommittee of the Chinese Medical Association in
2015 (17).

Inclusion and exclusion criteria. The diagnostic criteria for
preeclampsia were as follows: Normal blood pressure prior
to pregnancy with increases at least twice (=140/90 mmHg
at an interval of >4 h) after 20 weeks of pregnancy, urinary
protein =300 mg/24 h or proteinuria/creatinine =0.3 mg/dl, or
urine regular protein 2* and above in random samples. Normal
blood pressure prior to pregnancy was defined as normal blood

pressure within 1 year before pregnancy without the history of
hypertension.

As the group of normal pregnant females, those in late
singleton pregnancy with no cardiovascular diseases, renal
diseases, endocrine diseases or other chronic diseases compli-
cating the pregnancy or tumors or other complications were
enrolled. The exclusion criteria for this group were as follows:
Participants with <28 weeks of pregnancy, gestational diabetes
mellitus, pregnancy complicated with chronic hypertension,
peripheral vascular disease history, genital malformation,
tumor or any autoimmune diseases.

The subgroup classification of patients with preeclampsia
was according to the following standards: Patients with SPE
in conformity with the diagnostic criteria of preeclampsia,
with blood pressure =160/110 mmHg or PLT <100x10%/1 or
serum ALT elevated more than twice the normal limit or
serum creatinine twice the normal limit and without other
renal diseases. Patients with MPE met the diagnostic criteria
for preeclampsia but did not meet the diagnostic criteria for
SPE. Early-onset preeclampsia was definitive with the mani-
festation of preeclampsia prior to 34 weeks of pregnancy.
Late-onset preeclampsia was definitive with the manifestation
of preeclampsia after 34 weeks of pregnancy. Patients with
HELLP syndrome had at least one of the following abnormal
findings: Intravascular hemolysis, PLT <100x10%]1, aspartate
aminotransferase (AST) =70 U/l, lactate dehydrogenase
(LDH) =600 U/IL.

Data collection and follow-up. The data of the included
subjects were recorded after introduction into the program,
including parameters such as age, body height and body
weight prior to pregnancy, systolic and diastolic blood pres-
sure and whether assisted reproductive technology was
employed during pregnancy. In the morning of the 2nd day
after enrollment, 8 ml fasting venous blood from the elbows of
the subjects was withdrawn and sub-packaged into EDTA-K?2
anticoagulant vacuum tubes. The PLT of 1 ml blood sample
was measured within 1 h and the remaining blood was centri-
fuged at 769 x g at 4°C for 3 min. The supernatant was filled
in fresh centrifuge tubes and stored in the refrigerator at -80°C
for determination of AST, ALT, LDH and the extraction of
the total RNA content. PLT reagent was acquired from the
BioRoYee Co. (cat. no. DA0156) and ELISAs were adopted
to test the concentrations of LDH (Human LDH ELISA Kkit;
cat. no. 48T-QS40354; Gersion Bio-Technology Co., Ltd.),
AST (Human AST ELISA kit; cat. no. 48T-QS41359; Gersion
Bio-Technology Co.,Ltd.) and ALT (Human ALT/GPT ELISA
kit; cat. no. 48T-QS40443; Gersion Bio-Technology Co., Ltd.)
in the serum. Urinary protein test kits (Wanlei Bio Co.) were
used to determine the protein content of the urine samples.
The patients were followed up until the time-point of
delivery and the number of gestational weeks was recorded.
Furthermore, the maternal and fetal outcomes were acquired
and recorded after delivery. Adverse pregnancy outcomes were
defined as those occurring during follow-up or delivery and
included placental abruption, cardiac insufficiency, acute renal
injury, cerebrovascular accident, disseminated intravascular
coagulation, premature delivery, postpartum hemorrhage,
small fetal size for gestational age (SGA), neonatal asphyxia
and fetal death. SGA was defined as a birth weight 10% below
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Gene GenBank accession no. Forward (5'-3") Reverse (5'-3")
LncRNA TCL6 AF195821 GCTGTCTAAGGGCTCATC GGAGAAAGGCAAAGAACA
[-actin NM_001101 CATGTACGTTGCTATCCAGGC CTCCTTAATGTCACGCACGAT

IncRNA, long non-coding RNA; TCL6, T-cell leukemia/lymphoma 6.

the normal weight for the same gestational age. Premature
infants were defined as those whose gestational age was
<37 weeks prior to delivery. Neonatal asphyxia was diagnosed
if the 1-minute Apgar score of the fetus was <7.

Reverse transcription-quantitative PCR (RT-gPCR). The
serum samples were preserved in 1.5-ml RNA-free centrifuge
tubes centrifuge tubes in the -80°C refrigerator. The concen-
tration of the RNAs was detected within one week. A 0.5-ml
serum sample was incubated with TRIzol reagent (Thermo
Fisher Scientific, Inc.) at room temperature for 5 min, followed
by RNA extraction with 0.2 ml chloroform and centrifugation
at 12,000 x g for 5 min. Subsequently, the total RNA content
was purified using the mirVana PARIS kit (cat. no. AM1556;
Thermo Fisher Scientific, Inc.) in strict accordance with the
manufacturer's protocol. The samples were supplemented
with ethanol and passed through a filter cartridge containing a
glass-fiber filter to immobilize the RNA content. The filter was
then repeatedly rinsed and the RNA content was eluted with
a low ionic-strength solution. The concentration and purity
of the RNA was determined using an ultraviolet spectropho-
tometer. The PrimeScript RT reagent kit (Takara Bio, Inc.)
was employed to synthesize complementary DNA according
to the manufacturer's protocol. ChamQ™ SYBR qRT-PCR
MasterMix (Vazyme Biotech) was used for qPCR according
to the manufacturer's protocol. The reaction system was as
follows: Initial denaturation of 95°C for 10 min, followed by
95°C for 10 sec and 60°C for 60 sec for a total of 45 cycles. The
2-42¢4 method (18) was adopted to estimate the relative expres-
sion of TCL6 with standardization to B-actin as the internal
control. The primer sequences are listed in Table I.

Statistical analysis. SPSS 21.0 statistical software (IBM
Corp.) and GraphPad Prism 6.0 software (GraphPad Software
Inc.) were used to analyze data and plotting of graphs. The
Shapiro-Wilk test was used to analyze the data for normality
of distribution. Continuous variables with a normal distribu-
tion are expressed as the mean * standard deviation. An
independent-samples t-test was used for comparison between
two groups. Measurement data with a non-normal distribu-
tion were expressed as the mean (interquartile range) and
the Mann-Whitney U-test was used for comparison between
groups. Enumeration data were expressed as n (%) and
comparisons between groups were performed with the ¥ test.
Receiver operating characteristic (ROC) curve analysis was
used to evaluate the diagnostic efficacy of parameters and
determine the cut-off values. The y? test and Kaplan-Meier
curves with the log-rank test were used to analyze the effect
of the expression of IncRNA TCL6 on adverse pregnancy.

Logistic regression model was used to evaluate the influencing
factors of adverse pregnancy. Single-factor analysis of each
influencing factor was performed, the factors with P<0.1 were
included in the multivariate logistic regression analysis and for
the independent variable screening method, the Enter method
provided by SPSS was selected. The P-values calculated for
all comparisons were two-sided and P<0.05 was considered to
indicate statistical significance.

Results

Clinical baseline characteristics of included subjects. A total
of 100 pregnant women were included in the normal group with
an age of 27.0 years (range, 24.7-28.8 years) and 120 pregnant
women were included in the preeclampsia group with an age
of 25.9 years (range, 25.0-28.1 years). No significant differ-
ences were evident in parameters such as age, pre-pregnancy
body mass index and PLT between patients with preeclampsia
and normal controls (P>0.05). In comparison with the normal
pregnant females, the systolic pressure, diastolic pressure,
serum AST, ALT and LDH levels as well as 24-h urinary
protein of patients with preeclampsia were higher. The
proportion of pregnant females who used assisted reproductive
technology for their pregnancy was higher relative to that of
pregnant females in the control group (P<0.05; Table II).

LncRNA TCL6 is upregulated in the blood of patients with
preeclampsia. The expression pattern of IncRNA TCL6 in the
serum of the pregnant women between the normal pregnant
females and patients with preeclampsia was compared in the
present study. The results suggested that the expression level
of TCL6 in the normal pregnant females relative to [3-actin
was 1.003+0.076, while that in the preeclampsia group
was 1.709+0.439. The expression of TCL6 in the preeclampsia
group was significantly higher compared with that in the
normal control group (P<0.01; Fig. 1A). Furthermore, the ROC
curve was plotted for TCL6 expression to distinguish between
patients with preeclampsia and normal pregnant females
(Fig. 1B). The results suggested that the area under the curve
(AUC) was 0.9468 and the cutoff value was 1.206 (the sensi-
tivity was 86.7% and the specificity was 100%). These results
indicated that a serum level of IncRNA TCL6 of >1.206 rela-
tive to P-actin is able to identify patients with preeclampsia,
which may aid the diagnosis of the condition.

LncRNA TCL6 is a biomarker for grading the severity of
preeclampsia. To investigate the involvement of IncRNA TCL6
in preeclampsia, the patients with preeclampsia were strati-
fied into the following subgroups: SPE and MPE, early-onset
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Table II. Comparison of clinical baseline characteristics.
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Characteristic

Normal value

Normal group (n=100)

Preeclampsia group (n=120)

P-value

Baseline maternal age (years)
Gestational age at baseline (weeks)

Gestational age at delivery (weeks) 37-41
Pre-pregnancy BMI (kg/m?) -
Systolic blood pressure (mmHg) 90-140
Diastolic blood pressure (mmHg) 60-90
AST (U/N) 13-35
ALT (U/1) 7-40
LDH (U/) 100-240
PLT (x10°/1) 125-350
24-h urinary protein (g) <0.03

Assisted reproductive technology

27.0 (24.7-28.8)
29.1 (28.1-30.2)
37.8 (36.0-40.6)
24.7 (21.1-28.1)
118.9 (108.3-128.5)
76.6 (68.5-83.5)
26.7 (19.4-32.4)
15.1 (10.1-18.9)

154.7 (106.9-191.5)

230.7 (182.9-270.7)
0.01 (0.01-0.02)

19 (19.0)

25.9 (25.0-28.1)
29.2 (28.0+30.5)
38.5 (35.1-40.3)
23.6 (21.5-26.0)
154.6 (147.7-160.1)
101.9 (97.0-105.8)
65.9 (35.2-107.7)
422 (20.5-80.3)
187.5 (129.0-276.6)
200.5 (218.4-235.9)
241 (1.41-4.57)
41 (34.2)

0.460
0.152
0.175
0.271
<0.001
<0.001
<0.001
<0.001
<0.001
0.070
<0.001
0.015

Enumeration data are expressed as n (%) and the ¥* test was used for comparison between groups. Continuous variables are expressed as the
median (interquartile range) and the Mann-Whitney U-test was used for comparison between groups. AST, aspartate aminotransferase; ALT,

alanine aminotransferase; LDH, lactate dehydrogenase; PLT, platelets.

>
w

4 ROC curve
* -

5 — 07—
c "
S g 3 80
20 S
SF )
S< 24 S 601
T Z 5

o (7]
o S S 407 ;
Ta 14 wilife n *n
3 5 204 . AUC=0.9468
o yd Std. error=0.01823

0 0+

- T T T T 1
0 20 40 60 80 100
100%-Specificity%

T 1
Normal Preeclampsia

Figure 1. LncRNA TCL6 was upregulated in the blood of patients with pre-
eclampsia. (A) Reverse transcription-quantitative PCR was used to detect
the expression of IncRNA TCL6 in serum. (B) ROC curve for the utility of
IncRNA TCL6 in the diagnosis of preeclampsia. The independent-samples
t-test was used to compare the data in panel A. "P<0.05. IncRNA, long
non-coding RNA; TCL6, T-cell leukemia/lymphoma 6; ROC, receiver oper-
ating characteristic; AUC, area under the ROC curve; Std., standard error.

preeclampsia and late-onset preeclampsia, preeclampsia
complicated with HELLP syndrome and preeclampsia
without the complication of the HELLP syndrome. The clas-
sification of the patients with preeclampsia was as follows:
The 120 preeclampsia patients included 60 MPE patients and
60 SPE patients, including 63 cases of early-onset preeclampsia,
57 cases of late-onset preeclampsia and 10 cases of HELLP
syndrome. The ROC curves were plotted to examine the
ability of IncRNA TCL6 to distinguish between the different
pairs of groups. The results suggested that the expression of
TCL6 in the SPE group was significantly higher than that in
the MPE group (Fig. 2A) and the ROC curve for distinguishing
between these groups had an AUC of 0.7947 at the cutoff value
of 1.838 (P<0.0001; Fig. 2B), sensitivity of 65% and specificity
of 85%. The expression of TCL6 in patients with early-onset
preeclampsia was significantly higher compared with that in
patients with late-onset preeclampsia (Fig. 2C) and the ROC
curve for distinguishing between these groups had an AUC
of 0.7700 at the cutoff value of 1.776 (P<0.0001; Fig. 2D), sensi-
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Figure 2. LncRNA TCL6 was upregulated in the blood of each subgroup of
patients with preeclampsia. LncRNA TCL6 expression in different subgroups
of preeclampsia was detected by reverse transcription-quantitative PCR.
(A) Difference in TCL6 expression between SPE and MPE groups. (B) ROC
curve of IncRNA TCL6 in the diagnosis of severe preeclampsia. (C) Difference in
TCL6 expression between early-onset preeclampsia and late-onset preeclampsia
groups. (D) ROC curve of IncRNA TCL6 in the diagnosis of early-onset
preeclampsia. (E) Difference in TCL6 expression between patients with pre-
eclampsia with and without HELLP syndrome. (F) ROC curve of IncRNA
TCL6 in the diagnosis of HELLP syndrome in patients with preeclampsia.
Independent-samples t-tests were used to compare the data in panels A, C and E.
“P<0.05. IncRNA, long non-coding RNA; TCL6, T-cell leukemia/lymphoma 6;
ROC, receiver operating characteristic; AUC, area under the ROC curve; Std.,
standard error; HELLP, Haemolysis, Elevated Liver enzymes and Low Platelet
count; PE, preeclampsia; SPE, severe PE; MPE, mild PE.
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Table III. Comparison of pregnancy outcomes for patients with preeclampsia with different expression of TCL6.

Expression of TCL6 Adverse outcomes, n (%) Normal delivery, n (%) P-value Total, n
Low (=1.708) 19 (30.2%) 41 (71.9%) < 60
High (<1.708) 44 (69.8%) 16 (28.1%) 0.001 60
Total, n 63 57 120
TCL6, T-cell leukemia/lymphoma 6.
100_: — LowTCL6 — High TCL6 A Univariable risk factor HR (95%Cl) Pvalue
) i Relative expression of TCL6 — —eo—i 56.863(11.893-271.868) <0.0001
8 8 ] Early onset preeclampsia — i 10.165(3.984-25.933) <0.0001
qc) £ 1 Severe preeclampsia — A 15.545(5.756-41.984) <0.0001
% % : Elderly pregnant women —| —— 11.842(1.376-101.935) 0.024
g 8 50_: Overweight or obesity — !—JH 0.882(0.368-2.118) 0.779
% g ] P<0.0001 HR=3.01 Kidney diseases —| —— 0.566(0.057-5.612) 0.627
E é 1 95%Cl:1.83104.95 Assisted reproductive technology — Lm- 2.557(1.170-5.858) 0019
3 1 o1 1 100
] B Multivariable risk factor N
0l b : S HR (95%C1) Pvalue
30 a5 40 Relative expression of TCL6 | —e—1 9.530(1.370-66.264) 0.023
Early onset preeclampsia - —— 22.311(4.468-111.404) <0.0001
Gestational age (weeks) Severe preeclampsia | L 33.248(6.201-178.264) <0.0001
Elderly pregnant women — — 3.459(0.101-118.584) 0.491
Figure 3. Cumulative incidence of adverse pregnancy outcomes was higher Overweight or obesity [ 0.426(0.090-2.011) 0.281
in the high TCL6 expression group. The Kaplan-Meier method was used to Kidney diseases - ——@—+— 0.205(0.005-8.283) 0.401
analyze the influence of TCL6 levels on pregnancy outcomes in patients with Assisted reproductive technology i 1.135(0.302-4.267) 0.852
preeclampsia. Compared with that in the low-expression group, the curve in Toor 1 10

the high-expression group shifted left. TCL6, T-cell leukemia/lymphoma 6;
HR, hazard ratio.

tivity of 75.4% and specificity of 66.7%. Compared with that in
the patients with preeclampsia without HELLP syndrome, the
level of TCL6 in patients with HELLP syndrome was signifi-
cantly higher (Fig. 2E) and the ROC curve for distinguishing
between these groups had an AUC of 0.8309 at the cutoff value
of 1.928 (P<0.001; Fig. 2F), sensitivity of 77.3% and specificity
of 90.0%.

High expression of IncRNA TCL6 increases the risk of
adverse pregnancy outcomes. Patients with preeclampsia
were allocated to a low expression group and a high expres-
sion group according to the median expression of IncRNA
TCL6 in this study. Comparison of the incidence of adverse
pregnancy outcomes between the two groups indicated that
the prognosis of the two groups was significantly different
(%*=20.89; P<0.0001). The incidence of adverse pregnancy
outcomes in the low expression group was 31.7%, which
was lower than that in the high expression group (73.3%;
Table III). Kaplan-Meier analysis indicated a left shift in the
curve of the TCL6 high-expression group (P<0.001; Fig. 3),
which indicated that at the same gestational week, the cumula-
tive incidence of adverse pregnancy outcomes was higher in
the high-expression group than in the low-expression group.
These results suggested that the increased expression of TCL6
was associated with adverse pregnancy outcomes.

High expression of IncRNA TCL6 is an independent risk
factor for adverse pregnancy outcomes in patients with
preeclampsia. Existing evidence has indicated that indexes
such as advanced age, overweight or obesity, assisted reproduc-

Figure 4. TCL6 expression is an independent risk factor for adverse preg-
nancy outcomes. (A) Univariate analysis suggested that SPE, early-onset
preeclampsia, TCL6 expression, advanced maternal age (=35 years) and
assisted reproductive technology were statistically significant risk fac-
tors. (B) Multivariate regression analysis indicated that SPE, early-onset
preeclampsia and high TCL6 expression were independent risk factors for
adverse pregnancy outcomes. In the forest plot, the horizontal lines represent
the confidence interval. TCL6, T-cell leukemia/lymphoma 6; SPE, severe
preeclampsia; HR, hazard ratio.

tive technology and kidney disease of the mother are high-risk
factors of adverse outcomes of singleton pregnancies affected
by preeclampsia (19-21). To provide an accurate evaluation of
the effect of TCL6 on pregnancy outcomes, SPE, early-onset
preeclampsia, TCL6 expression, advanced age, overweight or
obesity prior to pregnancy, assisted reproductive technology
and kidney disease were included as observational indexes
in the regression analysis. As indicated in Fig. 4A, all vari-
ables except for overweight/obesity and kidney disease were
significant risk factors (P<0.1). Multivariate logistic regression
analysis then indicated that SPE, early-onset preeclampsia and
TCLG6 expression were independent risk factors for adverse
pregnancy outcomes (all P<0.05; Fig. 4B). For each unit
increase in the relative expression of TCL6, a 9.5-fold increase
in the risk of adverse maternal and fetal outcomes was deter-
mined.

Discussion

Preeclampsia is a common syndrome among pregnant females
and is a high risk factor of mortality of pregnant females and
their infants (1). According to a previous study, IncRNA TCL6
expression was highly expressed in the placenta of pregnant
females with preeclampsia (15). The present study indicated
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that maternal plasma levels of IncRNA TCL6 were increased
in patients with preeclampsia, and that determination of TCL6
is supportive in the diagnosis and grading of preeclampsia
and it fundamentally serve as an independent risk factor for
adverse pregnancy outcomes.

Certain studies have illustrated the importance of blood
pressure in the diagnosis and management of preeclampsia (22).
LDH is able to independently function as an indicator for the
risk of preeclampsia (23). According to the clinical baseline
characteristics of the included subjects, compared with those
in normal pregnant females, the alterations in blood pressure,
AST, ALT and LDH levels and 24-h urinary protein of patients
with preeclampsia were higher. In consistency with this, a
study demonstrated the utility of elevated systolic blood pres-
sure and diastolic blood pressure with significant proteinuria
after the 20th week of pregnancy as potential factors for the
diagnosis of preeclampsia (24). Hence, in the present study,
it was speculated that increased blood pressure, serum AST,
ALT and LDH levels and 24-h urinary protein may serve as
fundamental risk factors of preeclampsia.

Various studies have demonstrated an association between
low expression of TCL6 and the occurrence and prognosis of
renal hyaluronic cell carcinoma, acute B-lymphocyte leukemia
and hepatocarcinoma (10-12). However, the expression and the
diagnostic value of TCL6 in preeclampsia remained to be fully
determined. The present study indicated that the expression
of TCL6 was higher in patients with preeclampsia. The ROC
curve demonstrated that the AUC was 0.9468, while the cutoff
value was 1.206 (the sensitivity was 86.7% and the specificity
was 100%), thereby indicating that relative serum levels of
IncRNA TCL6 >1.206 may aid the diagnosis of preeclampsia.
Consistently, dysregulation of a variety of IncRNAs, such
as IncRNAs MEG3, IGF2/H19, HOTAIR, SPRY4-IT1 and
MALATTI, has been evident in the placenta tissues of pregnant
females with preeclampsia (25). In the present study, IncRNA
TCL6 was upregulated in the blood of pregnant patients with
preeclampsia and detection of high expression of IncRNA
TCL6 was indicated to be able to contribute to the diagnosis
of preeclampsia.

Research has also focused on the concepts of early-onset
preeclampsia and late-onset preeclampsia (6). In the present
study, differences in IncRNA TCL6 expression between
subgroups of patients with preeclampsia according to time of
onset and severity were examined. The results revealed that
the expression of TCL6 in the SPE group was higher than the
expression in the MPE group, thereby indicating that TCL6 may
serve as a diagnostic marker for the severity of preeclampsia.
TCLG6 levels in patients with early-onset preeclampsia were
also higher than those in patients with late-onset preeclampsia,
indicating the utility of TCL6 as a marker for the onset time
of preeclampsia. In comparison with that in patients with
preeclampsia without HELLP syndrome, TCL6 was signifi-
cantly increased in patients with preeclampsia with HELLP
syndrome, indicating the functionality of TCL6 as a factor to
diagnose the preeclampsia complication HELLP syndrome.
A previous study reported that the microcirculatory flow
index and perfused vessel density of pregnant females with
preeclampsia complicated with the HELLP syndrome were
lower than those of the patients with preeclampsia without
HELLP syndrome, while the heterogeneity index of pregnant

females with preeclampsia complicated with HELLP syndrome
was higher than the index of patients with preeclampsia
without HELLP syndrome, thereby indicating that patients
with HELLP syndrome may have a worse prognosis (26). To
conclude, IncRNA TCL6 may be adopted as a biomarker for
grading the severity of preeclampsia. As a prospective study,
the present study determined the expression pattern of TCL6
in the serum of patients with preeclampsia for the first time
and explored the role of TCL6 expression in the diagnosis and
classification of preeclampsia by ROC curve analysis.

The diagnosis of preeclampsia poses an associated risk of
developing maternal complications leading to adverse peri-
natal outcomes (27). To identify the role of TCL6 expression
in pregnancy outcomes, pregnant females with preeclampsia
were stratified into low and high TCL6 expression groups
in the present study. The results were indicative of a lower
incidence of adverse pregnancy outcomes in the low-expres-
sion group relative to the high-expression group. Previous
studies have indicated the association of factors such as
obesity, assisted reproductive technology, kidney disease
with adverse pregnancy outcomes (19-21). Early-onset
preeclampsia conferred a high risk of fetal death relative
to late-onset preeclampsia (28). To accurately evaluate the
effect of TCL6 on pregnancy outcomes, factors such as SPE,
early onset of preeclampsia, TCL6 expression, advanced
maternal age, overweight or obesity prior to pregnancy,
assisted reproductive technology and kidney disease were
included as observation indexes in the regression analysis.
The results indicated that SPE, early-onset preeclampsia and
TCL6 expression were independent risk factors for adverse
pregnancy outcomes. It was determined that for each unit
increase in TCL6 expression, the risk of adverse maternal
and fetal outcomes increased by 9.5-fold.

TCL6 was initially flagged as a candidate gene with
potential involvement in leukemia (9). Studies have illustrated
the participation of TCL6 in clear-cell renal cell carcinoma,
breast cancer, retinoblastoma, liver cirrhosis and threatened
abortion (10,13,14,29,30). The present results suggested
that high expression of IncRNA TCL6 was associated with
the pathogenesis, severity and poor prognosis of cases of
preeclampsia and it may be worthwhile to explore the under-
lying mechanisms. Following extensive investigation of the
pathogenesis of preeclampsia, Redman (31) proposed the ‘six
stages’ of preeclampsia in 2014: The first stage ranges from
fertilization to embryo implantation, which is a relatively short
process. The second stage is 8-18 weeks of gestation, during
which the trophoblast initiates invasion into the uterine spiral
artery, which is the vital aspect of placentation. The third
stage is a stress response after abnormal placental forma-
tion. The fourth stage is the second half of pregnancy, where
various types of placental injury factors are released into the
maternal blood circulation. In the fifth stage, patients exhibit
the clinical manifestations of rising blood pressure. The sixth
stage is the period of acute aggravation of the disease, during
which atherosclerosis or thrombosis of the spiral artery
may occur, and placenta infarction may also take place.
Pathophysiological alterations in trophoblast cells are vital
for the pathogenesis of preeclampsia. Previous research has
validated the involvement of IncRNAs in the proliferation,
migration, invasion, apoptosis and other biological functions



of trophoblasts. In the present study, it was speculated that
IncRNA TCL6 may have a pathogenic role by regulating the
biological behaviors of trophoblast cells. In addition, in light
of the similarity between the biological behavior of placental
trophoblast and tumor cells, a study has indicated that TCL6
is able to inhibit the proliferation, migration and invasion of
hepatoma cells (12). Therefore, TCL6 may induce abnormal
biological behaviors of trophoblast cells, including prolif-
eration, migration and invasion. The study of Wu et al (15)
validated the ability of overexpression of IncRNA TCL6
to inhibit the proliferation of trophoblast cells, thus high-
lighting its involvement in the pathogenesis of preeclampsia.
The study of Liu and Gong (14) reported that IncRNA-TCL6
inhibited the proliferation of trophoblast cells by regulating
the EGFR pathway in vitro. Considering the significance of
the EGFR pathway in the proliferation and differentiation of
trophoblast cells and placental development, it was specu-
lated in the present study whether IncRNA TCL6 serves as a
regulator of the biological behaviors of trophoblast cells by
affecting the EGFR pathway, thus affecting the occurrence
of preeclampsia, which requires to be assessed in further
studies.

To conclude, the present study supported that high expres-
sion of IncRNA TCL6 may assist the diagnosis and grading
of preeclampsia and may be functionally utilized as an inde-
pendent risk factor for adverse pregnancy outcomes. Since the
time of sample collection in the present study was from the
third trimester of pregnancy to delivery, the determination of
TCLG6 levels may have been affected. As the sample size in the
present study was small, further research with a larger sample
size is necessary and a multi-center study should be performed
to further clarify the diagnostic and prognostic value of TCL6.
In addition, determination of the serum levels of TCL6 in the
first or second trimester of pregnancy should be considered
to investigate its diagnostic and prognostic value in the early
stage of the disease.
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