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ABSTRACT This study aimed to clarify miR-146b’s role in preeclampsia (PE). Placental tissues were obtained
from 20 PE individuals and 20 normotensive pregnant participants, and all cell experiments were performed using
HTR-8/SVneo cells. miR-146b’s was detected, and its role in cell behaviours was evaluated. The target gene was
identified. Our findings revealed that miR 146b was upregulated in placental specimens of women diagnosed with
PE. Furthermore, miR 146b inhibition markedly enhanced the migratory, invasive, and EMT phenotypes of HTR
8/SVneo cells. miR-146b was shown to target PTEN as its downstream effector, and the miR-146b/PTEN axis was
revealed to govern the activation process of the PI3K/AKT cascade. Collectively, miR 146b may participate in the
pathogenesis of preeclampsia via modulating trophoblast biological functions, highlighting its potential as a
diagnostic biomarker and therapeutic target for PE.
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INTRODUCTION

A unique complication unique to pregnan-
cy, preeclampsia (PE) manifests as hypertension
(with or without proteinuria) that generally aris-
es from the 20th week of gestation onwards
(Rana et al. 2019; Ives et al. 2020; Filipek and
Jurewicz 2018). PE is considered a key factor
underlying maternal mortality and morbidity, with
its global prevalence ranging from 2% to 8%
among all pregnant populations (Ma’ayeh and
Constantine 2020; Roberts 2024; Allard et al.
2024). PE is a multi-system syndrome whose
pathogenic mechanisms encompass genetic and
environmental elements, including aberrant sys-
temic immune reactions, oxidative stress, pla-
cental formation and dysfunction, inflammatory
responses, and heredity factors (Laivuori et al.

2003; Oudejans et al. 2004). Nevertheless, the
pathogenic mechanisms responsible for PE have
not yet been fully elucidated. At present, defec-
tive trophoblast invasion and excessive apop-
tosis are thought to drive PE development, ulti-
mately causing incomplete spiral artery remod-
eling and insufficient uteroplacental blood flow
(Gingras-Charland et al. 2019). In uncomplicated
pregnancies, trophoblasts undergo differentia-
tion into extravillous trophoblasts with strong
invasive potential, which migrate to the decidu-
al stroma to degrade the wall of uterine spiral
arteries and substitute the resident endothelial
cells (Phipps et al. 2019). If migration and inva-
sion are reduced or apoptosis is increased dur-
ing this process, it can lead to impaired placen-
tal formation and implantation, leading to PE (El-
Sayed 2017; Ramos et al. 2017). Accordingly,
sustaining normal trophoblast function is vital
for preventing PE development.

As a group of endogenous non coding
RNAs, microRNAs (miRNAs) are capable of
modulating cell proliferation, apoptosis, migra-
tion, angiogenesis, and differentiation (Ru-
paimoole and Slack 2017). They control gene
expression via regulating stability and mobility
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of target messenger RNA (Gebert and MacRae
2019). It is well known that variations in miRNA
levels can lead to altered expression of targeted
genes. Although abnormal miRNA expression
generally presents with a mild pattern, this slight
dysregulation is capable of causing marked fluc-
tuations in expression of target genes, which
can significantly influence the pathogenic pro-
cess and further disrupt multiple bodily physio-
logical functions (Zhang et al. 2019). miRNAs
exert regulatory effects on gene expression by
controlling target mRNA stability and transla-
tional efficiency in a range of cellular pathways
(Lim et al. 2005). Existing research suggests that
miRNAs participate in PE pathogenesis and hold
potential as both diagnostic biomarkers and ther-
apeutic tools for this syndrome (Shu et al. 2019).
Notably, prior investigations have detected up-
regulated miR 146b levels in dairy cows affected
by PE-like pregnancy disorders (Markkandan et
al. 2018). However, whether its expression is
upregulated in human preeclampsia requires further
evaluation.

PTEN acts as a lipid phosphatase and can
dephosphorylate PIP3. PIP3 is the second intra-
cellular messenger of insulin, epidermal growth
factor (EGF), and other cytokines essential in
controlling cell growth. It primarily activates oth-
er kinases in the signalling system, such as pro-
tein kinase B (PKB) and silk/threonine kinase
(AKT), which promote cell division and prevent
apoptosis. By dephosphorylating PIP3, PTEN
blocks signal transduction, thereby inhibiting
the growth of normal cells. In PTEN-cells, PIP3
and AKT kinase levels increase and prevent
apoptosis. PTEN regulates the PIP3 and AKT/
PKB signalling pathways to control two crucial
processes in cell growth, that is, cell division
and cell survival. This molecule also exerts a
regulatory role in angiogenesis: it controls VEGF
expression through the PI3K/AKT signalling
cascade, thereby inhibiting neovascularization.
PTEN is the primary tumor suppressor gene in-
volved in tumour development (Lee et al. 2018;
Li et al. 2020). Besides, recent researches have
reported a reduced level of PTEN expression in
PE (Li et al. 2022; Wu et al. 2019).

Previous investigation has revealed that miR-
146b controls prostate cancer cell proliferation
via binding to PTEN (Gao et al. 2018). Mean-
while, aberrant expression of PTEN is implicated

in trophoblastic diseases such as PE. These
observations verify that miR 146b and PTEN are
aberrantly expressed in PE; nevertheless, the
precise biological function of miR 146b in PE
and how it may regulate PTEN during PE patho-
genesis remain largely unknown. Accordingly,
our research intended to unravel the intrinsic
mechanism of miR-146b in PE pathogenesis and
identify novel candidate targets that can be used
for the diagnosis and therapy of this disorder.

MATERIAL  AND  METHODS

Sample Collection

Forty pregnant individuals (20 PE cases and
20 healthy pregnancies) from Chongzuo Peo-
ple’s Hospital were recruited for this study. All
pregnant women underwent rigorous screening
for the clinical features of PE, with other con-
founding etiologies excluded (ACOG et al. 2019).
The placental surface tissues of the pregnant
woman were obtained and rinsed thrice with
normal saline treated with diethyl coke to flush
out the blood. The tissues were rapidly frozen in
liquid nitrogen. In addition, these tissues were
extracted within 15 minutes of the cesarean sec-
tion. The Ethics Committee of Chongzuo Peo-
ple’s Hospital reviewed and approved this study
(Approval No.: 2019010), with all participants
signing written informed consent forms.

Cell Culture and Transfection

Human extravillous trophoblast HTR 8/SV-
neo cells were obtained from ATCC (Manassas,
VA, USA) and grown in Gibco RPMI 1640 medi-
um containing 10 percent fetal bovine serum
(FBS, Hyclone). Six well plates were used for cell
seeding, followed by incubation at 37 ! in a 5%
CO‚  atmosphere for 48 hours. miR 146b inhibi-
tor, inhibitor NC, MiR-146b mimic and mimic NC,
were acquired from Riobo. Subsequently, 100/
nM of miR 146b mimic, inhibitor, or negative con-
trol oligonucleotides were transfected into the
cells. Recombinant pcDNA3.1 PTEN was gener-
ated by inserting full length PTEN, and empty
pcDNA3.1 served as the negative control. Lipo-
fectamine 2000 reagent (Invitrogen, Thermo Fish-
er Scientific, Waltham, MA, USA) was utilized
for cell transfection.
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Quantitative Reverse Transcription Polymerase
Chain Reaction (qRT-PCR)

We used TRIzol reagent for total RNA ex-
traction, followed by reverse transcription of the
isolated RNA into cDNA using the PrimeScript
1st Strand cDNA Synthesis Kit (Takara, Dalian,
China). We performed qRT PCR using the SYBR®
Premix Ex Taq™ Kit (Takara) on an ABI7300 real
time PCR platform (Applied Biosystems, Foster
City, CA, USA). Relative gene expression levels
were quantified using the 2"ÄÄCt algorithm, and
GAPDH was used as the internal control. The
sequences of the specific primers are summa-
rized in Table 1.

Wound-healing Assay

Transfected cells were plated into 6-well
plates (1×10v  cells/well) and grown to full con-
fluence. A sterile pipette tip was used to create a
uniform scratch in the cell monolayer, followed
by rinsing with serum free medium to remove
non adherent cells. Each well was supplement-
ed with serum free RPMI 1640 medium, and cells
were then incubated at 37/ °C with 5% CO‚  for
24/ hours. Images were acquired at 0 and 24 hours
with a light microscope, and cell migration was
subsequently evaluated.

Transwell Invasion

The invasive potential of the cells was mea-
sured via Matrigel precoated Transwell cham-
bers (BD Biosciences). Post transfection, cells
were resuspended in serum free medium (5×10u
cells) and added to the upper chamber, with the
lower chamber containing 600 ìL DMEM sup-
plemented with 10 percent FBS as a chemoat-
tractant. Following 72/ hours of culture at 37/ °C
under 5% humidified conditions, the cells in-
vading the bottom of the membrane were fixed
in 4% paraformaldehyde for 30/ minutes. After-
wards, the resulting cells were stained using 0.1
percent crystal violet for 30 minutes. Subse-
quently, the number of invasive cells was then
visualized and quantified via microscopy.

Luciferase Reporter Assay

The interaction was determined with the dou-
ble-luciferase reporter enzyme method. Lipo-
fectamine™ 2000 was utilized to co-transfect cells
with PTEN-WT or PTEN-MUT and 20/ nmol/L
miR 146b mimics. At 48/ h post transfection, cells
were lysed, and luciferase activity was measured
using the Pierce™ dual luciferase reporter assay
kit (Thermo Fisher Scientific, USA).

Table 1: Primer information in this study
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Western Blot

Total protein was isolated via RIPA lysis
buffer (Beyotime, Shanghai, China), and its con-
centration was quantified using a BCA kit ac-
cording to the manufacturer’s protocols. After
extraction, proteins were separated via SDS
PAGE electrophoresis and transferred electro-
phoretically to PVDF membranes supplied by
Millipore (Billerica, MA, USA). Following block-
ing, PVDF membranes were incubated with pri-
mary antibodies overnight at 4/ °C: mouse anti-
E-cadherin, mouse anti-N-cadherin, mouse anti-
GAPDH (1:1000), and rabbit anti-PTEN (1:1000),
all supplied by Abcam (Cambridge, MA, USA).
After TBST washing, membranes were incubat-
ed with HRP-labeled secondary antibodies (goat
anti-rabbit or anti-mouse, 1:5000; Abcam) at room
temperature for 1/ hour. Immunoreactive signals
were visualized using ECL reagents (Yeasen,
Shanghai, China) and documented by a Bio-Rad
ChemiDoc XRS Plus imaging system. Densito-
metric quantification of band intensities was
performed using the Image-Pro Plus 6.0, with
GAPDH serving as the housekeeping control to
normalize expression levels.

Statistical Analysis

All statistical assessments were conducted
with GraphPad Prism 8.0. The experimental re-
sults are shown as mean ± SD. Two-group com-
parisons were performed using Student’s t-test,
and multiple-group comparisons by one-way
ANOVA. P < 0.05 indicated statistical significance.

RESULTS

Placental Tissues From Preeclamptic Patients
Show Markedly Increased Expression of miR
146b

We first validated miR 146b expression in
placental villous tissues from PE patients. qRT
PCR results demonstrated significantly elevat-
ed miR 146b expression in PE tissues relative to
normal controls (Fig. 1A). Moreover, the AUC
value was above 0.80, implying that miR 146b
possesses diagnostic value for PE (Fig. 1B ).

MiR-146b Inhibits Migration, Invasion and EMT
of HTR-8/SVneo Cells

The miR 146b inhibitor notably reduced en-
dogenous miR 146b expression in transfected
cells (Fig. 2A). Wound healing assay results re-
vealed that HTR 8/SVneo cells exhibited obvi-
ously faster migratory capacity following miR
146b inhibitor transfection relative to the inhib-
itor-NC group, indicating that miR 146b nega-
tively regulates trophoblast cell migration (Fig.
1C). Consistently, Transwell experiments re-
vealed a notable elevation in the number of in-
vasive HTR-8/SVneo cells following miR 146b
downregulation (Fig. 1C). Western blotting was
utilized to evaluate EMT marker proteins. As il-
lustrated in Figure 2D, cells transfected with miR
146b inhibitor displayed upregulated N cadherin
and vimentin, alongside downregulated E cad-
herin. Collectively, our findings imply that miR
146b participates in regulating the key process-
es of PE at the cellular level.

PTEN is a Downstream Target of miR-146b

PTEN was chosen as the candidate gene
because it has potential complementary sequenc-
es to miR-146b (Fig. 3A). Luciferase reporter ex-
periments were conducted to assess how miR
146b influences PTEN expression. As shown by
the assay results, the ectopic expression of miR
146b led to a notable reduction in luciferase ac-
tivity of the PTEN/WT luciferase construct rela-
tive to the miR NC control. However, the inhibi-
tory effect was abolished when the putative
PTEN binding site was mutated (Fig. 3B). More-
over, western blot analysis revealed that ectop-
ic miR 146b expression suppressed PTEN pro-
tein levels, and the miR 146b inhibitor elevated
PTEN expression (Fig. 3C).

Targeting PTEN by miR-146b Downregulation
Enhances the Migratory, Invasive Capabilities
and EMT Progression of HTR-8/SVneo Cells

The researchers found that cells transfected
with pcDNA-PTEN significantly overexpressed
PTEN (Fig. 4A). Suppression of miR 146b ex-
pression remarkably strengthened the migrato-
ry and invasive capacities of HTR 8/SVneo tro-
phoblast cells. However, treatment of miR-146b
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Fig. 2. Effect of miR-146bdown-regulation on migration, invasion, and EMT of HTR-8/SVneo cells
 (A) The knockdown efficiency of miR 146b inhibitor was verified using qRT PCR. (B, C) Transfection
with miR 146b inhibitor enhanced the migratory and invasive ability of HTR 8/SVneo cells. (D)
Western blot of the protein levels of EMT markers (N cadherin, Vimentin, E cadherin).
*P<0.05, **P<0.01 compared with control

Fig .1. Differential expression of miR 146b between PE and normal placental tissues
(A) RT qPCR of miR 146b expression in 20 PE placental tissues and corresponding normal tissues. (B) The
area under the ROC curve of TCL6 expression in PE pregnancies
*: P<0.05.
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down-regulated cells with pcDNA-PTEN partial-
ly dampened these effects (Fig. 4B and C). More-
over, suppression of miR 146b expression re-
sulted in prominent upregulation of E cadherin,
alongside distinct reductions in N cadherin and
vimentin expression in HTR 8/SVneo cells com-
pared with controls. Conversely, co-transfection
with pcDNA-PTEN partially reversed these ef-
fects on E-cadherin, N-cadherin, and vimentin
expression (Fig. 4D). Taken together, the find-
ings presented above demonstrate that miR 146b
and PTEN mutually inhibit each other’s func-
tion, and they have contrasting impacts on the
migratory and invasive capacities, and EMT pro-
gression of trophoblast cells.

MiR-146b/PTEN Axis Regulates the Activation
of PI3K/AKT

PTEN exerts its tumour-suppressive role,
which is tightly linked to PI3K/AKT signalling
cascade (Li et al. 2016). Accordingly, the research
group carried out additional experiments to ex-

plore whether miR-146b and PTEN modulate
PI3K/AKT pathway activity. As indicated by
Western blot results, the miR 146b upregulation
markedly elevated phosphorylated AKT levels,
whereas total AKT expression did not exhibit
any significant difference. Nevertheless, co ex-
pression of PTEN significantly reversed this pro-
moting effect induced by miR 146b overexpres-
sion (Fig. 5). These observations confirmed that
miR-146b/PTEN contributes significantly to the
activation ofPI3K/AKT signalling cascade in tro-
phoblast cell progression.

Placental Tissues From Preeclamptic Patients
Show Markedly Increased Expression of miR 146b

We first validated miR 146b expression in
placental villous tissues from PE patients. qRT
PCR results demonstrated significantly elevat-
ed miR 146b expression in PE tissues relative to
normal controls (Fig. 1A). Moreover, the AUC
value was above 0.80, implying that miR 146b
possesses diagnostic value for PE (Fig. 1B ).

Fig. 3. miR 146b directly modulates the expression of PTEN
(A) Schematic of wild-type and mutant miR-146b for luciferase assay. (B) Upregulation of miR 146b inhibited the
activity of wild type PTEN reporter plasmid (PTEN/WT luc) in comparison with miR NC, whereas mutation of the
target site abrogated this inhibitory action in Dual luciferase reporter assay. (C) miR-146b mimics reduced PTEN
protein expression, while miR-146b inhibitor increased PTEN protein levels in HTR-8/SVneo cells.
*: P<0.05



82 HUI ZHANG, WENBAN QIN, LIANGE XIA ET AL.

Int J Hum Genet, 26(2): 76-87 (2026)

Fig. 4. MiR 146b downregulated PTEN at the molecular level. (A) PTEN expression was up-regulated
after pcDNA-PTEN transfection. (B) and (C) Overexpression of PTEN abolished the enhanced migratory
and invasive potential induced by miR 146b inhibitors in HTR 8/SVneo cells. (D) Expression changes
of N-cadherin, vimentin and E-cadherin after transfection with miR-146b inhibitors were recovered by
overexpression of PTEN
*P < 0.05
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MiR-146b Inhibits Migration, Invasion and EMT
of HTR-8/SVneo Cells

The miR 146b inhibitor notably reduced en-
dogenous miR 146b expression in transfected
cells (Fig. 2A). Wound healing assay results re-
vealed that HTR 8/SVneo cells exhibited obvi-
ously faster migratory capacity following miR
146b inhibitor transfection relative to the inhib-
itor-NC group, indicating that miR 146b nega-
tively regulates trophoblast cell migration (Fig.
1C). Consistently, Transwell experiments re-
vealed a notable elevation in the number of in-
vasive HTR-8/SVneo cells following miR 146b
downregulation (Fig. 1C). Western blotting was
utilized to evaluate EMT marker proteins. As il-
lustrated in Figure 2D, cells transfected with miR
146b inhibitor displayed upregulated N cadherin
and vimentin, alongside downregulated E cad-
herin. Collectively, our findings imply that miR
146b participates in regulating the key process-
es of PE at the cellular level.

PTEN is a Downstream Target of miR-146b

PTEN was chosen as the candidate gene
because it has potential complementary sequenc-
es to miR-146b (Fig. 3A). Luciferase reporter ex-
periments were conducted to assess how miR
146b influences PTEN expression. As shown by
the assay results, the ectopic expression of miR
146b led to a notable reduction in luciferase ac-
tivity of the PTEN/WT luciferase construct rela-
tive to the miR NC control. However, the inhibi-
tory effect was abolished when the putative
PTEN binding site was mutated (Fig. 3B). More-
over, western blot analysis revealed that ectop-
ic miR 146b expression suppressed PTEN pro-
tein levels, and the miR 146b inhibitor elevated
PTEN expression (Fig. 3C).

Targeting PTEN by miR-146b Downregulation
Enhances the Migratory, Invasive Capabilities
and EMT Progression of HTR-8/SVneo Cells

The researchers found that cells transfected
with pcDNA-PTEN significantly overexpressed
PTEN (Fig. 4A). Suppression of miR 146b ex-
pression remarkably strengthened the migrato-
ry and invasive capacities of HTR 8/SVneo tro-
phoblast cells. However, treatment of miR-146b

down-regulated cells with pcDNA-PTEN partial-
ly dampened these effects (Fig. 4B and C). More-
over, suppression of miR 146b expression re-
sulted in prominent upregulation of E cadherin,
alongside distinct reductions in N cadherin and
vimentin expression in HTR 8/SVneo cells com-
pared with controls. Conversely, co-transfection
with pcDNA-PTEN partially reversed these ef-
fects on E-cadherin, N-cadherin, and vimentin
expression (Fig. 4D). Taken together, the find-
ings presented above demonstrate that miR 146b
and PTEN mutually inhibit each other’s func-
tion, and they have contrasting impacts on the
migratory and invasive capacities, and EMT pro-
gression of trophoblast cells.

MiR-146b/PTEN Axis Regulates the Activation
of PI3K/AKT

PTEN exerts its tumour-suppressive role,
which is tightly linked to PI3K/AKT signalling
cascade (Li et al. 2016). Accordingly, the research
group carried out additional experiments to ex-
plore whether miR-146b and PTEN modulate
PI3K/AKT pathway activity. As indicated by
Western blot results, the miR 146b upregulation
markedly elevated phosphorylated AKT levels,
whereas total AKT expression did not exhibit
any significant difference. Nevertheless, co ex-
pression of PTEN significantly reversed this pro-
moting effect induced by miR 146b overexpres-
sion (Fig. 5). These observations confirmed that
miR-146b/PTEN contributes significantly to the
activation ofPI3K/AKT signalling cascade in tro-
phoblast cell progression.

DISCUSSION

miRNA expression patterns exhibit dynamic
changes and are capable of reflecting variations
in the internal and external milieus of the cell.
Accordingly, miRNAs can be utilized as promis-
ing biomarkers to reflect particular disease states
or pathophysiological events at various phases
of disease development (Ingman et al. 2000;
Haberman et al. 2019). Dysregulation of miRNAs
has been demonstrated to be directly implicated
in the progression of PE and to regulate the mi-
gratory ability and EMT process of human tro-
phoblast cells (Yang et al., 2019). Previous re-
search has also demonstrated that miR-146b is
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highly expressed in cows suffering from PE
(Markkandan et al., 2018). Nevertheless, no ex-
isting report has described the expression pro-
file and molecular mechanism of miR 146b in PE.
We observed markedly higher expression levels
of miR 146b in PE patient tissues relative to nor-
mal tissues. Furthermore, ROC curve analysis
supports the utility of miR 146b as a candidate
diagnostic biomarker for PE.

Relevant research has shown that the devel-
opment of PE is linked to several abnormal phys-
iological changes, including the aberrant inva-
sion of trophoblast cells, impaired function of
endothelial cells, and disrupted angiogenesis.
Dysregulation of trophoblast invasion can also
lead to PE. Typically, the uterine placental arter-
ies are invaded by endovascular trophoblast
cells and remolded into dilated, inelastic tubes
without vasomotor control. However, dysregu-
lation of trophoblast invasion, disturbed remod-
elling, maintenance of high uterine placental
vascular resistance, and intrauterine growth re-
striction are associated with PE. From the per-
spective of abnormal trophoblast invasion, this
research aims to investigate the potential regu-
latory mechanism by which dysregulated miR
146b affects trophoblast migration and invasion.

Epithelial-mesenchymal transition in tropho-
blasts describes the phenotypic conversion of
these cells from an epithelial status to a mesen-
chymal status. This transition is accompanied
by elevated migratory and invasive potential.

This enables trophoblasts to immobilise the pla-
centa in the maternal tissue and reshape the
maternal spiral arteries. Accordingly, impaired
migratory and invasive capacities of tropho-
blasts are considered to be implicated in the
pathogenesis of PE (Kakkar et al., 2013). In this
investigation, we observed that miR 146b regu-
lates the migratory and invasive abilities of HTR
8/SVneo cells, suggesting that miR 146b could
facilitate PE development by weakening tropho-
blast migration, invasion, and EMT.

PTEN was confirmed to be a direct down-
stream target of miR 146b, which supports the
negative regulatory interaction between their
expression levels in the examined trophoblast
cell lines. Additionally, previous research has
indicated that miR 146b participates in regulat-
ing cell apoptosis, cell cycle progression, inva-
sive ability, and migratory capacity. This work
expands these observations to trophoblast cells,
showing that PTEN is able to partially rescue all
miR 146b mediated cellular effects. In some can-
cer studies, miR-146b was reported to partici-
pate in regulating cancer cell migration and in-
vasion through targeting PTEN (Ramírez Moya
et al. 2018). This study confirmed that miR 146b
expression presents an inverse regulatory cor-
relation with PTEN abundance. After further
evaluation of the effects of PTEN and miR-146b
on PE, the researchers found that the upregula-
tion of PTEN following overexpression of the
PTEN + miR-146b mimic negated the promoting

 Fig. 5. Western blot of p-AKT and total AKT in HTR-8/SVneo cells. *P < 0.05



RESEARCH ON THE ASSOCIATION OF MIR - 146B, PTEN AND PREECLAMPSIA 85

Int J Hum Genet, 26(2): 76-87 (2026)

effects of the miR-146b mimic on cell prolifera-
tion, metastasis, and EMT. It is illustrated by
our outcomes that PTEN functions as a vital
downstream effector targeted by miR 146b, and
trophoblast phenotypes are modulated by miR
146b via controlling PTEN expression. In sum-
mary, miR 146b exerts essential regulatory func-
tions during the initiation and progression of
PE.

As an upstream lipid kinase of the PI3K/AKT/
mTOR cascade, PI3K is physiologically triggered
by receptor tyrosine kinases and G protein-cou-
pled receptors, thereby promoting the conver-
sion of PIP‚  to PIPƒ  via phosphorylation. As a
second messenger, PIP3 promotes the amplifi-
cation of PI3K signalling through the recruit-
ment of lipid-binding domain–containing pro-
teins, including AKT and PDK1. These proteins
can interact with and stimulate more than 100
effector factors by phosphorylating and acti-
vating AKT on Thr-308. Phosphorylation of Ser
473 is required to maximise AKT function, which
depends on mTOR regulated by PIP3. PTEN
participates in multiple cellular events, includ-
ing cell growth and proliferation. In this path-
way, PTEN acts as a lipid phosphatase, leading
to the dephosphorylation of 30 PIP3 phosphate
groups. This converts the phosphorylated PIP3
generated under the action of PI3K to PIP2, thus
inhibiting the activation of PI3K signalling.
Mutation or loss of PTEN reduces the regula-
tion of PIP3, and over-activation of the PI3K
cascade results in the binding of activated AKT.
The activation of AKT leads to further activa-
tion of G1 cyclin-dependent kinase, thus facili-
tating the G1/S cell cycle transition, which pro-
motes cell proliferation and affects VEGF-medi-
ated angiogenesis.

As an important cellular signalling axis, the
PI3K/Akt pathway exerts vital functions in cell
proliferation and apoptotic progression. Emerg-
ing evidence indicates that reduced activity of
the PI3K/AKT/mTOR cascade is tightly corre-
lated with PE pathogenesis. As a critical signal-
ling pathway, the PI3K/AKT/mTOR axis gov-
erns multiple aspects of ovarian function, such
as the dormancy and activation of PFs, oocyte
survival and activation, and granulosa cell pro-
liferation and differentiation. Dysregulation of
these signalling cascades facilitate the patho-
logical development of PE. The PI3K/AKT sig-

nalling cascade is widely known for its involve-
ment in regulating cellular functions, including
cell migration, invasion, and EMT (Xu et al. 2020).
Hepatitis B virus x (HBx) inhibited apoptosis by
activating Akt pathway via EGFR in vitro tro-
phoblast cell line JEG-3. In addition, retinol-bind-
ing protein 4 (RBP4) overexpression promoted
the proliferative capacity of HTR8/SVneo tro-
phoblast cells through suppressing the PI3K/
Akt signalling cascade, and HTR8/SVneo cell
apoptosis increased when RBP4 downregula-
tion activated the pathway. In PE, low levels of
PI3K/AKT activation and AKT phosphorylation
are maintained, leading to decreased trophoblast
migratory and invasive phenotypes (Chen et al.,
2019). In the current investigation, AKT phos-
phorylation was significantly regulated by the
miR-146b/PTEN axis, suggesting that this axis
participates in the PI3K/AKT signalling cascade
in the process of trophoblast development. Al-
though the outcomes of this study align with
previous research, it is still uncertain whether
this axis mediates trophoblast migration, inva-
sion, and EMT in PE by acting on the PI3K/
AKT pathway, which necessitates further ex-
perimental verification.

CONCLUSION

Our findings revealed remarkable upregula-
tion of miR 146b in placental specimens derived
from PE individuals. Conversely, reduced miR
146b expression markedly improved trophoblast
migration, invasion as well as EMT progression.
PTEN was confirmed to be the downstream tar-
get gene of miR-146b, and the mutual inhibition
contributes to the joint regulation of trophoblast
cell behaviour. The miR 146b/PTEN axis serves
as a vital mediator that modulates the activation
of the PI3K/AKT signalling cascade. However,
this study is limited to the cellular level and lacks
in vivo experiments. Collectively, it can be con-
cluded that miR 146b may mediate trophoblast
cell functions via the PTEN/PI3K/AKT axis, con-
sequently playing a role in the pathological pro-
cess of PE. Nevertheless, further in-depth in-
vestigations are still required to elucidate its reg-
ulatory role in animal models, thereby providing
more robust evidence for its contribution to PE
pathogenesis.
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RECOMMENDATIONS

Future studies should focus on performing
in vivo experiments to clarify miR-146b’s role in
preeclampsia pathophysiology. Investigate oth-
er molecules in the miR-146b/PTEN axis and its
interaction with the PI3K/AKT pathway. Optimise
and validate miR-146b as a diagnostic biomarker.
Explore the development of targeted therapies
based on this axis to improve patient outcomes.
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