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Abstract: Aims: This study aims to investigate the role of MicroRNA-122 (miR122) in preeclampsia development. 
Methods: miR122 and its target gene potassium channel modulatory factor 1 (KCMF1) expressions were compared 
in placentas respectively from healthy pregnant and preeclampsia rats. The effects of miR122 on expression of 
KCMF1 was investigated in HTR8/SVneo cells. The role of miR122 and KCMF1 in cell migration and invasion was 
investigated. Results: The levels of KCMF1 were significantly lower in preeclamptic placenta tissues, which was 
inversely correlated with the level of miR122. KCMF1 was validated as the target of miR122 using realtime PCR 
and Western blotting in HTR8/SVneo cells. miR122 inhibited the migration, invasion and proliferation of trophoblast 
cells, and this inhibition was abrogated by the overexpression of KCMF1. The tumor necrosis factor-α could upregu-
late miR122 while suppressing KCMF1 expression in HTR8/SVneo cells. Conclusion: Aberrant miR122 expression 
may contribute to preeclampsia by interfering with KCMF1-mediated signaling.
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Introduction

Preeclampsia, a major contributor to maternal 
morbidity worldwide [1], is a pregnancy-specific 
syndrome manifested by the onset of hyperten-
sion and proteinuria after the 20th week of ges-
tation. Abnormal placenta development has 
been generally accepted as the initial cause of 
the disorder [2, 3]. Defects of trophoblast cell 
function, such as reduced proliferation [4], 
excessive apoptosis [5], aberrant differentia-
tion [6], limited migration and invasion of the 
uterus, and poor remodeling of spiral arteries 
[7], have been considered to be associated 
with preeclampsia. However, the pathogenesis 
and molecular mechanisms of this disorder is 
not clearly understood. 

MicroRNAs (miRNAs) are a subclass of short 
(20-23 nucleotides in length), endogenous, 
non-coding, single-stranded RNAs that regulate 
gene expression post-transcriptionally [8-10]. 
miRNAs-mediated gene silencing is via RNA-
induced silencing complex (RISC), inducing 
translational repression or degradation of tar-
geted mRNAs. Recently, numerous investiga-

tions have confirmed the important roles of 
miRNAs in the regulation of human cancer [11, 
12], as well as in physiological function includ-
ing immune responses [13], cellular prolifera-
tion, differentiation, and apoptosis [14, 15]. Re- 
cent studies, mostly microarray based miRNA 
profiles have suggested that dysregulation of 
miRNAs in placental tissues is involved in the 
pathogenesis of preeclampsia [16-19]. In addi-
tion, miRNAs may partly regulate implantation 
and placentation as well as different processes 
such as angiogenesis, apoptosis or cell cycle  
of placental cells [20]. Recently, microRNA-122 
(miR122) has been found to be upregulated in 
preeclamptic placentas compared with normal 
placentas, indicating a possible association of 
this small molecule with the placental patholo-
gy of preeclampsia [21]. However, the function 
of miR122 in the development of the placenta 
remains elusive.

Potassium channel modulatory factor 1 (KC- 
MF1) was first mentioned in 2010, which could 
be a potential factor in the regulation of potas-
sium channels [22]. It was also named FIGC 
(basic fibroblast growth factor-induced gene in 
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gastric cancer) for its upregulation by fibroblast 
growth factor receptor 2 signaling pathways in 
gastric cancer cells [23-25]. Previous literature 
proved that KCMF1 was involved in the prolif-
eration, migration, and invasion in epithelial 
cancers [24]. According to previous bioinfor-
matic analyses, potassium channel modulatory 
factor 1 (KCMF1) is one of the commonly pre-
dicted targets of miRNAs. KCMF1 may play an 
important role in the development of preecla- 
mpsia as a target gene of miR-210 [26].

Based on the evidence noted above, we pro-
pose that miR122 might regulate trophoblast 
cell migration and invasion by targeting KCMF1 
and that the pathway may play a role in the 
development of preeclampsia. To test this hy- 
pothesis, we used preeclampsia rats and a 
human trophoblast cell line, HTR8/SVneo, to 
investigate the mechanisms by which miR122 
exerts its function via KCMF1. 

Materials and methods

Animals

All procedures involving animals in this study 
were performed in accordance with the National 
Institutes of Health guidelines for the care and 
use of laboratory animals and were approved 
by the Institutional Animal Care and Use 
Committee of the University of Xi’an Jiaotong 
University. Animal experiments were conducted 
on timed-pregnant Sprague Dawley rats that 
were housed under a 12:12-h light-dark cycle 
and fed a standard laboratory chow diet.

Reduced uterine perfusion in the pregnant rat

A modification of the method by Eder and 
McDonald [27] as previously described was 
used to reduce uterine perfusion by 35% to 
45%. Briefly, rats were anesthetized with 2% 
isoflurane delivered by an anesthesia appara-
tus. At day 14 of gestation, a silver clip (0.203-
mm ID) was placed around the lower abdominal 
aorta above the iliac bifurcation. Because com-
pensation of blood flow to the placenta occurs 
in the pregnant rat through an adaptive in- 
crease in uterine blood flow, both right and left 
uterine arteries were clipped (0.100-mm ID). 
When the clipping procedure resulted in total 
reabsorption of the fetuses, rats were excluded 
from data analyses. Control pregnant rats were 
sham operated.

Cell line and culture condition

Immortalized human trophoblast cell line, 
HTR8/SVneo, was obtained from ATCC and cul-
tured according to the supplier’s protocols 
using RPMI-1640 medium supplemented with 
10% fetal bovine serum (FBS), 1% penicillin/
streptomycin. The cells were incubated at 37°C 
in a 5% CO2 atmosphere until they reached con-
fluence. Then the cells were randomly assigned 
into 4 groups: Untreated Cell (NC), miR122 
mimics transfection (miR122 mimics), miR122 
mimics transfection (miR122 inhibitor) and 
miR122 mimics transfection plus KCFM1 over-
expression (miR122 mimics + pKCFM1). 

Transfection

For transient transfection experiments, the 
cells were seeded in 6-well plates at 1.5 × 105 
cells per well in complete medium. Twenty-four 
hours following seeding, miR122 mimics, 
miR122 inhibitor and the KCMF1 expressing 
plasmid were transfected into the cells using 
Lipofectamine 2000 reagent according to the 
manufacturer’s instruction (Invitrogen, Carls- 
bad, CA). Cells were subjected to transwell inva-
sion assay or RNA/protein extraction. The 
mature microRNA mimics for miR122, miR122 
inhibitor, the scramble control (NC) and the 
KCMF1 plasmid were designed and purchased 
from GenePharma (Shanghai, China).

RNA extraction and quantitative real-time PCR

For determination of placental miR122 and 
KCMF1 levels in pregnant rats, animals were 
euthanized with carbon dioxide inhalation at 
day 21 of gestation, and placentas were isolat-
ed, weighed and quickly frozen in liquid nitro-
gen and stored at 80°C. Total RNA from cells 
and placental tissues were extracted using the 
RNeasy Protect mini-kit supplied by Qiagen, as 
outlined in the instructions provided by the 
manufacturer. Real-time PCR was used, as pre-
viously described, to determine tissue miR122 
and KCMF1 levels. Briefly, cDNA was synthe-
sized from 1 µg of RNA with Bio-Rad Iscript 
cDNA reverse transcriptase, and real-time PCR 
was performed using the Bio-Rad SYBR Green 
Supermix and iCycler. The mRNA and miRNA 
expression were calculated using the 2-ΔΔCT 
method, where ΔCT indicated the subtraction 
of the CT of GAPDH from the mRNA or miRNA of 
interest, and ΔΔCT was calculated by subtract-
ing the ΔCT.
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Western blot analysis

Protein extracts were prepared from cells and 
placental tissues using RIPA lysis buffer. Cell or 
tissue lysates were separated by sodium 
dodecyl sulfate-polyacrylamide gel electropho-
resis. Western blotting was carried out as 
described previously. The primary antibodies 
used were mouse anti-human KCMF1 monoclo-
nal antibody (Santa Cruz Biotechnology, Santa 
Cruz, CA), mouse anti-human GAPDH antibody 
(Ambion, Austin, Texas, USA) and horseradish 
peroxidase-conjugated secondary antibody 
(Promega, Madison, WI). Signals were detected 
using an Enhanced Chemiluminescence Plus 
kit (Thermo Scientific, Rockford, USA) and visu-
alized after exposure to a Kodak film. The mem-
branes were then scanned and signal intensi-
ties were analyzed by the Gel-Pro Analyzer 
(software version 4.0; United Bio). The relative 
densities of the KCMF1 were determined by 
normalization with the density value of GAPDH 
in the same blot.

Dual luciferase assay

HTR8/SVneo cells were plated into 24-well 
plates with a density of 4.5 × 104 cells/well. 
Transfection was performed 24 hours after 
seeding using Lipofectamine 2000 (Invitrogen) 
with 100 ng of pMIR-REPORT plasmid con-
struct, 10 ng of pRL-TK control vector (encoding 
Renilla luciferase) and 40 nM of miR-122. Five 
hours after transfection, the cells were recov-
ered in complete medium. Luciferase activities 
were measured by the Dual-Glo luciferase 
assay system according to the manufacturer’s 
instructions (Promega, Madison, Wisconsin, 
USA) 48 hours after transfection.

Transwell assay 

Transwell cell migration and invasion assay is a 
method that measures the capacity of cell 
motility and invasiveness toward a chemoat-
tractant gradient. Quantitative cell migration 
assays were performed using a modified 
Boyden chamber (Costar-Corning, New York, 
USA) with 8.0-μm pore polycarbonate filter 
inserts in 24-well plates as described previous-
ly. 48 hours after transfection, cells were treat-
ed with 10 μg/ml Mitomycin C for another 2 h  
to avoid any influence of cell growth on the 
results of the transwell assay. Then the cells 
were trypsinized and seeded into transwell 

insert at 5 × 104 cells per insert. The top cham-
bers contained RPMI 1640 medium supple-
mented with 1% FBS, and the lower chambers 
were loaded with RPMI-1640 medium plus 10% 
FBS. The cells were fixed and stained with crys-
tal violet for 10 min at 28 hours later. Cells on 
the upper surface of the membrane were com-
pletely removed by washing the chambers 5 
times with dH2O, and all remaining cells repre-
sent cells that have migrated. Migration was 
assessed by counting the number of stained 
cells from 10 random fields at × 200 magnifica-
tion. Cell invasion assay was performed si- 
milarly, except that transwell inserts were 
matrigel-coated.

Scratch test

Scratch test was carried out to determine the 
cell protrusion and migration ability of cells. 
HTR8/SVneo cells were planted in a 6-well cul-
ture plates and incubated overnight to a densi-
ty of 60%-70%. Cells were transfected by 
miR122 mimics, miR122 inhibitor and miR122 
mimics + KCFM1 plasmid respectively accord-
ing to the protocol mentioned above. Cell mono-
layers were then scratched with a 100 μL yel-
low pipette tip and washed with PBS three 
times to remove detached cells. The wounded 
areas were imaged using an Olympus micro-
scope and marked at different times. The size 
of the wounded areas was then quantitated 
using ImageJ Version 1.41 software (National 
Institutes of Health). Experiments were carried 
out in triplicate at least three times. 

Tumor necrosis factor-α treatment on HTR8/
SVneo cell

To determine the effects of tumor necrosis 
factor-α (TNF-α) on expression of miR122 and 
KCMF1, the HTR8/SVneo cells were treated 
with recombinant human TNF-α (100 ng/ml, 
Sigma St. Louis. MO) for 24 hours in serum-free 
RPMI-1640 medium. To determine the mRNA 
and protein level of miR122 and KCMF1, cell 
RNA and protein was extracted and quantita-
tive real-time PCR and western blot were per-
formed according to the methods mentioned 
above.

Statistical analysis

Data in this study are expressed as the mean ± 
SEM. All experiments were repeated at least 3 
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times. Statistical analysis was performed using 
one-way ANOVA for multi-group comparison or 
two-sided Student t test for two-group compari-
son, and differences with P<0.05 were consid-
ered statistically significant. All statistical anal-
yses were performed using SPSS 22.0 (IBM, 
Armonk, NY).

Results

Expressions of KCMF1 and miR122 exhibited 
an inverse correlation in placentas from rats 
with preeclampsia

We examined KCMF1 and miR122 expression 
levels in control and PE placentas using quanti-

using Western blotting, was also decreased in 
PE placentas (Figure 1C). These data suggest-
ed an inverse correlation in miR122 and KCMF1 
expressions in the placentas of the studied 
individuals.

Validation of KCMF1 as the target of miR122 
in human trophoblast cells

Data of quantitative real-time polymerase ch- 
ain reaction showed that the level of miR122 
increased 100 fold after miR122 mimics trans-
fection (Figure 2A) and decreased by 60% after 
miR122 inhibitor transfection compared with 
the negative control cells (Figure 2B). As shown 
in Figure 3A and 3B, the levels of both KCMF1 

Figure 1. Differential expression patterns of miR122 and KCMF1 in placentas derived from severe preeclamptic 
(PE) rats and normal pregnant rats (control). Quantitative real-time polymerase chain reaction (A, B) and Western 
blotting experiments (C) were performed to measure the expression levels of miR122 and KCMF1 of the placentas 
derived from PE rats (n=6) and from normal pregnant rats (n=6). The data are presented as the means ± SEM; 
*P<0.05; **P<0.01. 

Figure 2. mRNA expression levels of miR122 of HTR8/SVneo cells transfect-
ed by miR122 mimics (A) and miR122 inhibitor (B). The data are presented 
as the means ± SEM; *P<0.05; ***P<0.001. 

tative real-time polymerase 
chain reaction. The results 
showed thatthe level of miR- 
122 was significantly higher 
in the PE placentas than in 
that of the normal pregnant 
controls (Figure 1A; P<0.01). 
The mRNA level of KCMF1 
was significantly lower in PE 
placentas than in the corre-
sponding control groups (Fig- 
ure 1B; P<0.05). The KCMF1 
protein level, as examined 
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protein and mRNA were 70% and 50% lower in 
HTR8/SVneo cells transfected with miR122 
mimics than the negative control cells. On the 
other hand, the expression of KCMF1 were 
higher after miR122 inhibitor transfection com-
pared with the negative control cells. These 
data strongly suggest that KCMF1 may be the 
target gene of miR122 in human trophoblast 
cells. We constructed a luciferase reporter vec-
tor by cloning a 240-bp DNA fragment, includ-
ing binding site (BD) of the 3’-UTR in human 
KCMF1 mRNA downstream of the firefly lucifer-
ase reporter gene (the reporter vector was 
named BD-WT). A point mutation was incorpo-
rated into the binding sites of the 3’-UTR in the 
KCMF1 gene to generate BD-MUT reporter vec-
tor. As shown in Figure 3C, miR-122 mimics sig-
nificantly reduced the relative luciferase activi-
ty of the BD-WT construct by ≈40% compared 
with the scramble control but did not influence 
the luciferase activity of the BD-MUT construct. 
These data strongly suggest that KCMF1 can 

KCMF1. The quantitative result was show in 
Figure 4B. The data indicated that miR122 
could mediate the migration and invasion alter-
ations in trophoblasts through an miR122-
KCMF1 pathway.

Effects of miR122 and KCMF1 on cell prolifer-
ation and migration in human trophoblast cells

We also evaluated the effects of miR122 on  
the proliferation and migration ability of human 
trophoblast cells with in vitro scratch assay 
(Figure 5). As shown in Figure 5, miR122 signifi-
cantly decreased the proliferation of HTR-8/
SVneo by 36% compared to the corresponding 
negative control and inhibition of miR122 sig-
nificantly improved the proliferation of HTR-8/
SVneo by 40% compared to the corresponding 
negative control. Similar to the transwell re- 
sults, over-expression of KCMF1 could rescue 
the proliferation-repressing effect of miR122 in 
HTR8/SVneo Cells. According to the combined 

Figure 3. Effects of miR122 on the expression of KCMF1 in HTR8/SVneo 
cells and validation of KCMF1 as a target gene of miR-122. Western blot-
ting experiments (A) and quantitative real-time polymerase chain reaction 
(B) were performed to measure the expression levels of KCMF1 of the HTR8/
SVneo cells transfected by miR122 mimics and miR122 inhibitor. (C) Lucifer-
ase assay result of HTR8/SVneo cells transfected with BD-WT and BD-MUT 
reporter constructs with miR-122 or negtive control were shown. The data 
are presented as the means ± SEM; **P<0.01.

be the target gene of miR-122 
in human trophoblast cells 
and that the 3’-UTR region in 
the KCMF1 gene is the real 
binding site for miR-122.

Effects of miR122 and 
KCMF1 on cell migration and 
invasion in human tropho-
blast cells

The effect of miR122 on tro-
phoblast cell migration and 
invasion were further exam-
ined. As shown in Figure 4A, 
transfection with miR122 mi- 
mics or inhibitors could clear-
ly repress or induce the cell 
migration (Figure 4Aa-d) and 
invasion (Figure 4Ae-h) in 
HTR8/SVneo cells. The resul-
tant data revealed that miR- 
122 had less trophoblast cell 
migration and invasion. We 
performed a rescue experi-
ment by transfecting HTR8/
SVneo cells with miR122 mi- 
mics together with a KCMF1-
expressing plasmid (pKCMF1). 
Interestingly, the repressing 
effect of miR122 was abro-
gated by the over-expressed 
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results of transwell assay and scratch assay, 
miR122 could inhibited the migration and inva-

sion abilities of trophoblasts through an 
miR122-KCMF1 pathway.

Figure 4. Effects of miR122 and KCMF1 on cell migration and 
invasion in HTR8/SVneo cells. Transwell insert assay was per-
formed to examine cell migration (a-d in A) and invasion (e-h in 
A) in HTR8/SVneo cells transfected with NC, miR122 mimics, 
miR122 inhibitor and miR122 mimics plus KCMF1 plasmid. 
The quantitative results was shown in (B). The data are pre-
sented as the means ± SEM obtained in three independent 
experiments. *P<0.05 compared to NC group; ##P<0.01 com-
pared to miR122 mimics group.

Figure 5. Effect of miR122 and KCMF1 on cell prolifera-
tion and migration in HTR8/SVneo cells. Scratch test 
was performed to examine cell proliferation and migra-
tion in HTR8/SVneo cells transfected with NC, miR122 
mimics, miR122 inhibitor and miR122 mimics plus 
KCMF1 plasmid at 0 h (a-d in A) and 24 h (e-h in A). The 
quantitative results was shown in (B). The data are pre-
sented as the means ± SEM obtained in three indepen-
dent experiments. *P<0.05, **P<0.01 compared to NC 
group; ###P<0.001 compared to miR122 mimics group.
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TNF-α increases miR122 expression but down-
regulates KCMF1

The effects of TNF-α on expression of miR122 
and KCMF1 in human trophoblast cells were 
also investigated in the present study. As shown 
in Figure 6, TNF-α significantly increased the 
expression of miR122 by 3-fold over the control 
(Figure 6A; P<0.001), whereas it decreased 
KCMF1 mRNA and protein levels to 70% to 55% 
of the control (Figure 6B, P<0.05 and Figure 
6C, P<0.01). The inverse change pattern of 
miR122 and KCMF1 on TNF-α treatment in 
human trophoblast cells further indicated the 
functional correlation of these two molecules.

Discussion

microRNAs have been proved irregularly expre- 
ssed in preeclamptic placentas compared with 
normal placentas [28, 29]. However, the mech-
anisms involving the dysregulated microRNAs 
participation in the pathogenesis of preeclamp-
sia remaines unclear. According to previous lit-
erature, miR122 is significantly overexpressed 
in preeclamptic placentas compared with nor-
mal placentas, indicating a possible associa-
tion of this small molecule with the placental 

pathology of preeclampsia [21]. However, the 
function of miR122 in the development of the 
preeclamptic placenta remains unclear. Bioin- 
formatics research showed that KCMF1 is one 
of the targets of miR-122, which is also involved 
in the development of placenta. Therefore, we 
proposed that miR122-KCMF1 pathway may be 
involved in regulating preeclampsia develop- 
ment. 

In the present study, several lines of evidence 
support that KCMF1 is a target gene of miR122 
in human trophoblasts. Firstly, the KCMF1 
expression is inversely correlated with miR122 
expressions in the placentas of the studied pre-
eclampsia rats. Secondly, the KCMF1 expres-
sion could be suppressed by miR122 mimics in 
HTR8/SVneo cells, while the inhibitory effect of 
miR122 could be reversed by miR122 inhibitor 
transfection. Thirdly, functional study in HTR8/
SVneo cells demonstrated that miR122 could 
inhibit the proliferation, migration and inva- 
sion of cells. Importantly, the overexpression of 
KCMF1 could well abrogate the repressing 
effects of miR122 on HTR8/SVneo cells. These 
findings strongly suggest that KCMF1 is a criti-
cal miR122 target gene, at least participating 
in mediating the regulation of cell proliferation, 

Figure 6. Regulation of the expressions of miR122 and KCMF1 by TNF-α in HTR8/SVneo cells. Quantitative real-time 
polymerase chain reaction to reveal the expressions of miR122 (A) and KCMF1 (B) in HTR8/SVneo cells treated 
with TNF-α. Western blot analysis showing alterations in KCMF1 protein levels in HTR8/SVneo cells treated with 
TNF-α (C). The values are presented as the means ± SEM. The data are presented as the means ± SEM; *P<0.05, 
**P<0.01, ***P<0.001.
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migration and invasion in human trophoblast 
cells. One of the most important causal factors 
of preeclampsia is abnormal placental develop-
ment, especially the shallow invasion of tropho-
blasts into the decidual stroma and spiral arter-
ies during early gestation [30]. In all, the results 
in the present study indicated that the involve-
ment of miR122-KCMF1 pathway in the pre-
eclamptic process. 

Functional studies of miR122 have been largely 
performed in cancer cells, and the data demon-
strated its participation in regulation of cell 
apoptosis, having targets which are as well pro-
apoptotic as antiapoptotic [31]. Human placen-
tal trophoblast cells possess similar properties 
to tumor cells in terms of proliferation and inva-
sion, although their behaviors are temporally 
and spatially restricted during pregnancy [32]. 
Our finding of the inhibition on human tropho-
blast cell proliferation and invasion by miR122 
was consistent with its effects on human 
esophageal cancer cell growth [33] and hepa-
tocellular carcinoma [34]. 

Local oxygen tension and inflammation have 
been proved to be the primary determinants of 
the preeclapsia development [35]. Several 
cytokines, including interleukin-2, interferon-γ, 
and TNF-α, are established mediators of 
immune maladaptation in preeclampsia [36]. 
Further more, TNF-α has been reported as one 
of the regulators of miR122 in other cell type 
[37]. TNF-α has been shown to decrease the 
motility of HTR-8/SVneo cells in vitro [38] and 
to inhibit the cell migration and invasion. In the 
present study, we found that TNF-α significantly 
increased the expression of miR122 in HTR-8/ 
SVneo cells, while decreased the KCMF1 ex- 
pression. We assume that the increased 
miR122-KCMF1 pathway may also be involved 
in the immune maladaptation at the fetal 
maternal interface during the occurrence of 
preeclampsia. 

In conclusion, the present study provides new 
evidence about the functions of miR122 and 
KCMF1 in the human preeclampsia develop-
ment. Our findings strongly suggest that aber-
rantly expressed miR122, via downregulating 
KCMF1, may play an important role in the devel-
opment of preeclampsia. 
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