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Abstract. – OBJECTIVE: The aim of this study 
was to explore the role of long non-coding RNA 
(lncRNA) TCL6 in preeclampsia (PE) develop-
ment and to investigate its underlying mecha-
nism. 

PATIENTS AND METHODS: The expression 
of TCL6 in 42 placental tissues of PE pregnan-
cies and normal pregnancies was detected by 
quantitative Real Time-Polymerase Chain Reac-
tion (qRT-PCR). Receiver Operating Characteris-
tic (ROC) curve was applied to explore the rela-
tionship between TCL6 expression, urine protein 
level, blood pressure and neonatal weight of PE 
pregnancies. The proliferation and cell cycle of 
trophoblast cells after TCL6 knockdown were 
detected by cell counting kit-8 (CCK-8) assay 
and flow cytometry, respectively. Moreover, the 
specific role of TCL6 in cell cycle was detected 
by Western blot. 

RESULTS: TCL6 was highly expressed in 42 
placental tissues of PE pregnancies when com-
pared with that of normal pregnancies. PE preg-
nancies with lower expression level of TCL6 ex-
hibited significantly lower urinary protein level, 
as well as systolic and diastolic blood pressure 
than those with higher level. Besides, neona-
tal weight was significantly higher in PE preg-
nancies with lower expression level of TCL6. 
Meanwhile, downregulation of TCL6 resulted 
in remarkably increased proliferation and cell 
cycle of trophoblast cells. In addition, Western 
blot results indicated that TCL6 knockdown sig-
nificantly upregulated CDK2 and downregulated 
PTEN in trophoblast cells. 

CONCLUSIONS: TCL6 was highly expressed 
in placental tissues of PE patients. Overexpres-
sion of lncRNA TCL6 inhibited the proliferation 
of trophoblast cells and promoted PE develop-
ment via targeting PTEN.
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Introducion

Preeclampsia (PE) is a serious pregnancy 
complication that may eventually lead to mater-
nal multisystem dysfunction. The morbidity and 
mortality of pregnancies and newborns result-
ed from PE have been significantly increased. 
Globally, 50,000-60,000 pregnancies die from 
PE every year, accounting for 5%-8% of all preg-
nant diseases1. As a multi-system syndrome, both 
genetic and environmental factors are involved 
in the pathogenesis of PE. Abnormal immune 
responses in major organisms2, oxidative stress3, 
placental formation and dysfunction, inflamma-
tory response and heredity factors4,5 are closely 
related to PE development. However, the patho-
genesis of PE is still not fully elucidated. Current-
ly, termination of pregnancy is the only effective 
treatment for PE6.

Placental defects, especially placental shallow 
implantation, are considered to be the major caus-
es of PE in recent years7,8. Decreased invasion of 
extra-villous trophoblasts (EVT) leads to the in-
hibition of uterine spiral artery remodeling. Sub-
sequently, a series of pathophysiological changes 
of PE will be resulted from increased resistance 
of placental blood flow and decreased perfusion9. 
Further studies have shown that differentially ex-
pressed long non-coding RNAs (lncRNAs) in the 
placenta can regulate the proliferation, apoptosis, 
migration and invasion of EVT, thereby inducing 
the development of PE10,11.

LncRNAs are involved in the occurrence and 
development of multiple diseases. Previous stud-
ies have explored the role of lncRNAs in tumors, 
cardiovascular diseases, dyspnea and neurode-
generative diseases. However, the specific effects 
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of lncRNAs on PE are rarely reported. LncRNA 
TCL6 was initially reported in T-cell leukemia, 
which is involved in the development of leuke-
mia12. However, the exact role of TCL6 in the 
occurrence and progression of PE has not been 
fully elucidated.

Patients and Methods

Patients
From March 2012 to August 2017, totally 

42 PE pregnancies without uterine contractions 
during cesarean delivery in Obstetrics, Jining 
No.1 People’s Hospital were enrolled in this study. 
During the same period, 42 normal pregnancies 
were selected as controls. PE diagnosis was based 
on the following AGOG (American College of 
Obstetricians and Gynecologists) guidelines: 1. 
New-onset hypertension after 20 weeks of preg-
nancy, with blood pressure ≥ 140 mm Hg systolic 
or ≥ 90 mm Hg diastolic on two separate read-
ings taken at least 4 h; 2. Urine protein > 0.3 
g/24 h or random urine protein > 1+; 3. In the 
absence of proteinuria, the presence of new-onset 
hypertension and new onset of one or more of 
the following characteristics was suggestive of 
PE diagnosis: thrombocytopenia (platelet count 
<100,000/μL), kidney dysfunction (creatinine 
>1.1 mg/dl), pulmonary edema, impaired liver 
function, cerebral or visual disturbances. This 
study was approved by the Ethics Committee of 
the Hospital. The informed consent was obtained 
from each patient before the study. 

Placenta Specimen Collection
Surgical instruments were routinely disin-

fected. Placenta tissues were surgically resected 
within 5 min after placental expulsion. Several 
placenta tissues (1 cm × 1 cm × 1 cm) on the pla-
centa surface near the root of the umbilical cord 
were taken. After washing with phosphate-buff-
ered saline (PBS) repeatedly until no blood re-
mained, aseptic placenta tissues were stored at 
-80°C for further use.

RNA Extraction and Quantitative 
Real Time-Polymerase Chain 
Reaction (qRT-PCR)

Total RNA was extracted according to the 
instructions of TRIzol reagent (Invitrogen, Carls-
bad, CA, USA). Subsequently, extracted RNA 
was reversely transcribed into complementary 
deoxyribonucleic acid (cDNA) in accordance 

with the PrimeScript RT reagent Kit (TaKa-
Ra, Otsu, Shiga, Japan). RNA concentration was 
determined by a spectrophotometer (Hitachi, 
Tokio, Japan). The relative expression level of 
target genes was calculated by the 2-ΔΔCT method. 
Primers used in the study were as follows: glyc-
eraldehyde 3-phosphate dehydrogenase (GAP-
DH), F: 5′-CACCCACTCCTCCACCTTTG-3′, 
R: 5′-CCACCACCCTGTTGCTGTAG-3′; TCL6, 
F: 5′-TGTCTCATTCGCCTCTGGAT-3′, R: 
5′-GTCTCCCTCCTTCTGCCTTT-3′.

Cell Culture
Human HUVEC-C, JEG-3, Wish and HTR-8 

cell lines were obtained from American Type Cul-
ture Collection (ATCC; Manassas, VA, USA). All 
cells were cultured in Dulbecco’s Modified Eagle’s 
Medium (DMEM; Gibco, Rockville, MD, USA) 
containing 10% fetal bovine serum (FBS; Gibco, 
Rockville, MD, USA), 100 U/mL penicillin and 
100 µg/mL streptomycin. Meanwhile, cells were 
maintained in a 37°C, 5% CO2 incubator.

Cell Transfection
Cells in good growth were selected and seed-

ed into 6-well plates. When cell density was up 
to 50%-60%, cell transfection was performed ac-
cording to the manufacturer’s instructions of Lipo-
fectamine 2000 (Invitrogen, Carlsbad, CA, USA). 
Primers of constructed siRNAs were: si-TCL6 1# 
5′-TTTCCTGGAAAACTCATGAATAATC-3′; 
si-TCL6 2# 5′-AAGTGATTCTTCTGCCTCAG-
CCTCC-3′; si-TCL6 3# 5′-TATTTTTAGTAGAG-
ACAGGGTTTCAC-3′.

Cell Counting Kit-8 (CCK-8) Assay
Transfected cells were seeded into 96-well 

plates, with 2000 cells per well. After culturing 
for 6 h, 24 h, 48 h, 72 h and 96 h, 10 µL CCK-8 
reagent (Dojindo Laboratories, Kumamoto, Ja-
pan) was added in each well, followed by incu-
bation for 2 h in the dark. Optical density (OD) 
value at the wavelength of 450 nm was measured 
by a microplate reader (Bio-Rad, Hercules, CA, 
USA). 

Cell Cycle 
Cells were first centrifuged at 800 rpm/min 

for 5 min, and the precipitant was re-suspended in 
pre-cooled 70% ethanol. After washing with PBS, 
the cells were stained with propidium iodide (PI) 
for 30 min. Subsequently, the cell cycle of stained 
cells was detected by flow cytometry (FACSCali-
bur; BD Biosciences, Detroit, MI, USA).
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Western Blot
Transfected cells were lysed with cell lysis 

buffer, shaken on ice for 30 min and centrifuged 
at 4°C, 14,000 ×g for 15 min. The concentration 
of extracted protein was detected by the bicin-
choninic acid (BCA) protein assay kit (Pierce 
Biotechnology, Rockford, IL, USA). Subsequent-
ly, extracted proteins were separated on 10% 
SDS- sodium dodecyl sulphate-polyacrylamide 
gel electrophoresis (PAGE) and transferred on-
to polyvinylidene difluoride (PVDF) membranes 
(Millipore, Billerica, MA, USA). After blocking 
with 5% skimmed milk, the membranes were 
incubated with primary antibodies of anti-CDK2 
and anti-PTEN (Cell Signaling Technology, Dan-
vers, MA, USA) at 4°C overnight. After rinsing 
with phosphate buffered saline-tween (PBST), 
the membranes incubated with corresponding 
secondary antibody. Finally, immunoreactive 
bands were exposed by the enhanced chemilu-
minescence method (ECL) (Thermo Fisher Sci-
entific, Waltham, MA, USA).

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 22.0 software was used for all statistical 
analysis. GraphPad (La Jolla, CA, USA) was 
applied for figure editing. Receiver operating 
characteristic (ROC) curve was used to analyze 
the relationship between TCL6 expression and 
the prognosis of PE pregnancies. Experimental 
data were expressed as mean ± standard devi-
ation. t-test was used to compare the difference 
between the two groups. p<0.05 was considered 
statistically significant.

Results 

TCL6 was Highly Expressed 
in PE Patients

Compared with normal pregnancies, the ex-
pression of TCL6 in 42 placental tissues of PE 
pregnancies was significantly higher (p<0.001, 
Figure 1A). The area under the ROC curve was 
0.8625, suggesting that TCL6 could be served 
as a prognostic factor for PE (Figure 1B). The 
basic characteristics of the enrolled subjects were 
shown in Table I. No significant differences in 
age, body weight and Apgar score were found 
between PE pregnancies and normal pregnancies. 
Furthermore, all PE pregnancies were divided 
into two groups according to TCL6 expression. 
Results demonstrated that PE pregnancies with 

lower expression level of TCL6 presented signifi-
cantly lower urinary protein level, systolic and 
diastolic blood pressure than those with higher 
level (Figure 1C-1E). Besides, neonatal weight 
was obviously higher in PE pregnancies with 
lower TCL6 expression (Figure 1F). The above 
results indicated that TCL6 overexpression might 
promote PE development. 

TCL6 Inhibited the Proliferation 
of Trophoblast Cells

To explore the specific role of TCL6 in tro-
phoblast cells, we detected TCL6 expression in 
HUVEC-C, JEG-3, Wish and HTR-8 cells by 
qRT-PCR. Results showed that HUVEC-C cells 
expressed the lowest level of TCL6, whereas 
JEG-3 and Wish cells expressed the highest lev-
el (Figure 2A). Subsequently, we constructed 
three siRNA sequences of TCL6, and found 
that si-TCL6 1# exhibited the highest efficiency 
in downregulating TCL6 (Figure 2B and 2C). 
Meanwhile, the overexpression plasmid of TCL6 
remarkably upregulated TCL6 expression in HU-
VEC-C cells (Figure 2D). Subsequently, the pro-
liferation of trophoblast cells was detected by 
CCK-8. Results showed that si-TCL6 transfection 
remarkably increased the proliferative capacity of 
JEG-3 and Wish cells (Figure 2E and 2F). How-
ever, TCL6 overexpression significantly reduced 
the proliferation of HUVEC-C cells (Figure 2G). 

TCL6 Inhibited Cell Cycle 
of Trophoblast Cells

TCL6 knockdown prolonged the G0/G1 phase, 
whereas reduced the G2/M phase in JEG-3 and 
Wish cells (Figure 3A and 3B). Overexpression of 
TCL6 in HUVEC-C cells obtained the opposite 
results (Figure 3C). Furthermore, we detected 
the protein expression levels of cell cycle-related 
genes by Western blot. Interestingly, we found 
that CDK2 expression was negatively regulated 
by TCL6 (Figure 3D-3F). PTEN is a tumor-sup-
pressor gene that arrests the cell cycle. In the 
present study, our findings demonstrated that 
TCL6 positively regulated PTEN in trophoblast 
cells (Figure 3D-3F). 

Discussion 

PE is a serious complication during pregnan-
cy, and its pathological mechanism is related to 
multiple factors. PE can only be completely cured 
when the placenta is delivered13. Therefore, early 
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Figure 1. TCL6 was highly expressed in PE patients. A, TCL6 was highly expressed in 42 placental tissues of PE pregnancies com-
pared with that of normal pregnancies. B, The area under the ROC curve of TCL6 expression in PE pregnancies. C-E, PE pregnancies 
with lower expression level of TCL6 exhibited significantly lower urinary protein (C), systolic (D) and diastolic blood pressure (F) 
than those with higher level. F, Neonatal weight was significantly higher in PE pregnancies with low TCL6 expression.

A

C

E

B

D

F

Table I. Basic characteristics of enrolled PE pregnancies and normal pregnancies.

Variable Preeclampsia Healthy pregnancy p-value
 (n=42)  (n=42)  

Maternal age (year) 28.21±4.12 30.36±3.17 >0.05
Maternal weight (kg) 67.56±9.84 69.71±8.75 >0.05
Apgar (1 min) 7.87±2.02 8.73±1.02 >0.05
Apgar (5 min) 8.91±1.01 10 >0.05
Proteinuria (g/day) >0.3 <0.3 <0.05
Systolic blood pressure (mm Hg) 165.44±16.33 110.31±9.07 <0.05
Diastolic blood pressure (mm Hg) 105.69±9.14 77.12±5.12 <0.05
Body weight of infant (g) 1531.80±641.27 3275.55±487.61 <0.05
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recognition and clinical intervention of high-
risk factors for PE can significantly improve 
pregnancy outcomes. A large number of studies 
have shown that abnormal trophoblastic invasion, 
inadequate remodeling of uterine spiral arteries, 
as well as increased apoptosis of trophoblast cells 
are the major pathological features of PE14.

Recent whole-genome sequencing results have 
shown that most of the stably transcribed RNAs 
are non-coding RNAs. Among them, lncRNAs are 
a kind of non-protein-coding RNAs with over 200 
nucleotides in length15. Functionally, lncRNAs are 
involved in cell proliferation, differentiation and 
metabolism. Meanwhile, lncRNAs participate in 
many pathological processes of the body, such as 
tumors, diabetes and immune diseases16,17. Accu-
mulating evidence has proved that lncRNAs are 
involved in the occurrence and development of 

PE. It has been reported that lncRNA SPRY4-IT1, 
MEG3, LOC391533, LOC284100, and MALAT-1 
in placental tissue exert a crucial role in the 
pathogenesis of PE18. TCL6 is lowly expressed in 
suprarenal epithelioma, which is correlated with 
poor prognosis in affected patients19. In the present 
study, we found that TCL6 was highly expressed 
in placental tissues of PE pregnancies than that of 
controls. Meanwhile, PE pregnancies with lower 
expression level of TCL6 exhibited significantly 
lower urinary protein, as well as systolic and dia-
stolic blood pressure. In addition, neonatal weight 
was obviously higher in PE pregnancies with lower 
level of TCL6.

Trophozoites, derived from the trophoblast 
ectoderm, are one of the first differentiated and 
developed cells in human embryos. During em-
bryo implantation and maternal immunization, 

Figure 2. TCL6 inhibited the proliferation of trophoblast cells. A, TCL6 expression in HUVEC-C, JEG-3, Wish and HTR-
8 cells detected by qRT-PCR. B-C, Si-TCL6 1# exhibited the highest transfection efficiency in downregulating TCL6. D, 
Overexpression plasmid of TCL6 remarkably upregulated TCL6 expression in HUVEC-C cells. E-F, Transfection of si-TCL6 
remarkably increased the proliferative abilities of JEG-3 and Wish cells. (G) TCL6 overexpression significantly reduced the 
proliferation of HUVEC-C cells. 
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trophozoites are the only fetal cells in direct 
contact with the maternal immune system at 
the maternal-fetal interface. The proliferation, 
differentiation, apoptosis, migration and inva-
sion of trophoblast cells are the basic elements 
of placental formation and embryonic develop-
ment20-23. Moreover, the insufficient proliferation 
of trophoblasts is the central link of PE in the 
early stage. In our study, we explored the ef-
fect of TCL6 on the proliferation and cell cycle 
of trophoblasts. Meanwhile, we also evaluated 
whether TCL6 could regulate cell cycle-related 
genes in trophoblasts. Our results showed that 
TCL6 knockdown resulted in increased cell pro-
liferation and cell cycle.

Conclusions

Our results indicated that TCL6 was highly 
expressed in placental tissues of PE patients. 
Overexpression of lncRNA TCL6 inhibited tro-
phoblast cell proliferation and promoted PE de-
velopment via targeting PTEN.

Conflict of Interests
The authors declare that they have no conflict of interest.

References

  1) Bernhard Ka, Siddiqui dS, Leonard KM, Chauhan SP. 
American college of obstetricians and gyne-colo-
gists practice bulletins: ascertaining their citation, 
influence, and utilization. Am J Perinatol 2014; 31: 
373-382.

  2) LareSgoiti-Servitje e, goMez-LoPez n, oLSon dM. An 
immunological insight into the origins of pre-ec-
lampsia. Hum Reprod Update 2010; 16: 510-524.

  3) henderSon jt, WhitLoCK eP, o’Connor e, Senger Ca, 
thoMPSon jh, roWLand Mg. Low-dose as-pirin for 
the prevention of morbidity and mortality from 
preeclampsia: a systematic evidence review for 
the U.S. Preventive Services Task Force. Ann 
Intern Med 2014; 160: 695-703.

  4) Laivuori h, LaherMo P, oLLiKainen v, Widen e, hai-
va-MaLLinen L, SundStroM h, Laitinen t, Kaaja r, 
YLiKorKaLa o, Kere j. Susceptibility loci for preeclamp-
sia on chromosomes 2p25 and 9p13 in Finnish fam-
ilies. Am J Hum Genet 2003; 72: 168-177.

  5) oudejanS CB, MuLderS j, LaChMeijer aM, van dijK 
M, KonSt aa, WeSterMan Ba, van WijK ij, LeegWater 
Pa, Kato hd, MatSuda t, WaKe n, deKKer ga, PaLS 
g, ten Kate LP, BLanKenStein Ma. The parent-of-or-
igin effect of 10q22 in pre-eclamptic females 
coincides with two regions clustered for genes 
with down-regulated expression in androgenetic 
placentas. Mol Hum Reprod 2004; 10: 589-598.

  6) roMero r, ChaiWoraPongSa t. Preeclampsia: a link be-
tween trophoblast dysregulation and an antian-gio-
genic state. J Clin Invest 2013; 123: 2775-2777.

Figure 3. TCL6 inhibited cell cycle of trophoblast cells. A-B, TCL6 knockdown prolonged the G0/G1 phase, whereas re-
duced the G2/M phase in JEG-3 and Wish cells. C, Overexpression of TCL6 in HUVEC-C cells obtained the opposite results. 
D-E, CDK2 expression was negatively regulated by TCL6, while PTEN expression was positively regulated by TCL6 in 
trophoblast cells. 

A

D

B

E

C

F



J.-L. Wu, Y.-G. Wang, G.-M. Gao, L. Feng, N. Guo, C.-X. Zhang

4072

  7) Fu g, Ye g, nadeeM L, ji L, ManChanda t, Wang Y, zhao 
Y, qiao j, Wang YL, LYe S, Yang BB, Peng C. MicroR-
NA-376c impairs transforming growth factor-β and 
nodal signaling to promote trophoblast cell prolifera-
tion and invasion. Hypertension 2013; 61: 864-872.

  8) he g, Xu W, Chen Y, Liu X, Xi M. Abnormal 
apoptosis of trophoblastic cells is related to the 
up-regulation of CYP11A gene in placenta of pre-
eclampsia patients. PLoS One 2013; 8: e59609.

  9) roBertS jM, CooPer dW. Pathogenesis and genet-
ics of pre-eclampsia. Lancet 2001; 357: 53-56.

 10) zhang Y, zou Y, Wang W, zuo q, jiang z, Sun M, de 
W, Sun L. Down-regulated long non-coding RNA 
MEG3 and its effect on promoting apoptosis and 
suppressing migration of trophoblast cells. J Cell 
Biochem 2015; 116: 542-550.

 11) Li jL, Li r, gao Y, guo WC, Shi PX, Li M. LncRNA 
CCAT1 promotes the progression of preeclamp-
sia by regulating CDK4. Eur Rev Med Pharmacol 
Sci 2018; 22: 1216-1223.

 12) Saitou M, SugiMoto j, hataKeYaMa t, ruSSo g, iSoBe M. 
Identification of the TCL6 genes within the break-
point cluster region on chromosome 14q32 in T-cell 
leukemia. Oncogene 2000; 19: 2796-2802.

 13) uzan j, CarBonneL M, PiConne o, aSMar r, aYouBi 
jM. Pre-eclampsia: pathophysiology, diagnosis, 
and management. Vasc Health Risk Manag 2011; 
7: 467-474.

 14) MYatt L. Role of placenta in preeclampsia. Endo-
crine 2002; 19: 103-111.

 15) MerCer tr, dinger Me, MattiCK jS. Long non-cod-
ing RNAs: insights into functions. Nat Rev Genet 
2009; 10: 155-159.

 16) Lee C, KiKYo n. Strategies to identify long noncod-
ing RNAs involved in gene regulation. Cell Biosci 
2012; 2: 37.

 17) noviKova iv, henneLLY SP, SanBonMatSu KY. Sizing 
up long non-coding RNAs: do lncRNAs have 
secondary and tertiary structure? Bioarchitecture 
2012; 2: 189-199.

 18) zou Y, jiang z, Yu X, Sun M, zhang Y, zuo q, zhou 
j, Yang n, han P, ge z, de W, Sun L. Up-regulation 
of long noncoding RNA SPRY4-IT1 modulates 
proliferation, migration, apoptosis, and network 
formation in trophoblast cells HTR-8SV/neo. 
PLoS One 2013; 8: e79598.

 19) Su h, Sun t, Wang h, Shi g, zhang h, Sun F, Ye d. 
Decreased TCL6 expression is associated with 
poor prognosis in patients with clear cell renal 
cell carcinoma. Oncotarget 2017; 8: 5789-5799.

 20) Barton jr, SiBai BM. Prediction and prevention of 
recurrent preeclampsia. Obstet Gynecol 2008; 
112: 359-372.

 21) red-horSe K, zhou Y, genBaCev o, PraKoBPhoL 
a, FouLK r, MCMaSter M, FiSher Sj. Trophoblast 
differentiation during embryo implantation and 
formation of the maternal-fetal interface. J Clin 
Invest 2004; 114: 744-754.

 22) MervieL P, evain-Brion d, ChaLLier jC, SaLat-BarouX j, 
uzan S. The molecular basis of embryo im-plan-
tation in humans. Zentralbl Gynakol 2001; 123: 
328-339.

 23) FoundS Sa, FaLLert-juneCKo B, reinhart ta, ConLeY 
YP, ParKS Wt. LAIR2 localizes specifically to sites 
of extravillous trophoblast invasion. Placenta 
2010; 31: 880-885.


