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ABSTRACT

Purpose: Over-activation of nuclear factor kappa B (NF-«B) was proven to be involved in the pathogenesis of preeclampsia. However,
its regulation mechanism is not clear yet. This paper explored the role of WD repeat domain 5 (WDR5) in the development of late-onset
preeclampsia and its relationship with NF-kB. Methods: WDR5 expression was detected in normal placentas and placentas from late-
onset preeclampsia patients. CCK-8 and colony formation assays were conducted to appraise the proliferative ability of trophoblast.
Migration and invasion were observed by wound healing and transwell assays. The interaction between WDR5 and NF-«xB inhibitor
I-kappa-B-alpha (IkBa) was verified by Co-immunoprecipitation analysis. Immunofluorescence was used to analyze the activation of NF-
«B. Finally, we tested the role of WDR5 using the mice late-onset preeclampsia model. Results: WDR5 was highly expressed in the
placentas of late-onset preeclampsia patients. WDR5 overexpression suppressed cell proliferation, migration, and invasion in trophoblast.
WDRS5 could interact with IkBa to activate NF-xB. Knockdown of NF-xB counteracted the anti-proliferative and anti-metastatic effects of
WDRS5 overexpression in trophoblast. In-vivo studies suggested that targeting WDR5 combated late-onset preeclampsia development.
Conclusion: Our finding provides new insights into the role of WDRS5 in late-onset preeclampsia development.
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Introduction

The occurrence of preeclampsia is increasing rapidly, maintaining an upward trend in the last five to 10 years'~.
The incidence of preeclampsia is 3 to 7% worldwide®. According to statistics, 10 to 20% of maternal deaths are related to
preeclampsia®®. As we all know; it is critical to establish the placenta and appropriate uteroplacental blood flow for fetal

development, maternal well-being, and the physiologic homeostasis of offspring®.

During the first trimester of human pregnancy, placental extravillous trophoblasts invade the maternal uterine spiral arteries
to replace the vascular smooth muscle and endothelial cells, thus forming high-capacity and low-resistance vessels in the placenta,
which is beneficial for the high perfusion of the placenta®. Failure of spiral artery remodeling leads to placental ischemia
and poor perfusion, a condition that may cause several pregnancy complications, including new-onset maternal hypertension and
preeclampsia’. According to the gestation age of onset of clinical signs and symptoms, preeclampsia is divided into early-onset
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(<34 weeks) and late-onset preeclampsia (> 34 weeks)®. Although sharing similar maternal features, signs, and symptoms, early-
onset and late-onset preeclampsia seem to be originated from different regulation mechanisms. However, the dysfunction of
trophoblasts, including decreased proliferation, invasion, and migration, is involved in both subtypes of preeclampsia'.

As a key regulator of histone methyltransferase, WDRS5 is crucial for histone H3 lysine 4 trimethylation, chromatin
remodeling, and transcriptional activation of target genes'". It has been well documented that WDR5 is expressed in multiple
tumors and participates in tumor vascularization, so as to regulate the proliferation, migration, and invasion of cancer
cells'>. Additionally, a normal level of WDRS5 expression is necessary for cell growth and differentiation'®. The activity of
nuclear factor kappa B (NF-kB) was found to be up-regulated in the placentas of preeclampsia patients, and it was proven
to be involved in the occurrence and development of preeclampsia'*. However, the regulation mechanism of NF-«B has
not been clarified yet, nor has its relationship with WDR5.

Our previous work has investigated the role of WDR5 in the development of early-onset preeclampsia patients'®, but it
has explored only its role in late-onset preeclampsia. Considering that abnormal proliferation and invasion of trophoblasts
are also involved in the progression of late-onset preeclampsia'®, we proposed a hypothesis that WDR5 was involved in late-
onset preeclampsia development by regulating proliferation and invasion, through NF-«kB-related signaling. In this study,
by utilization of clinical samples in more restricted standards, as well as in-vitro and in-vivo experiments, we investigated
the role of WDRS5 and NF-«B in late-onset preeclampsia comprehensively.

Methods
Tissue collection

From March 1, 2021, to August 1, 2021, placenta tissues from 30 cases of patients with preeclampsia (gestational ages: 36
to 39 weeks) were collected from the Department of Obstetrics and Gynaecology, Liao Cheng People’s Hospital, Department
of Obstetrics, Shandong Provincial Hospital Affiliated to Shandong University, and the Department of Obstetrics, Tai'an
City Central Hospital. The inclusion criteria of patients were:

Late-onset preeclampsia diagnosed by medical history and pathology;

Gestational ages: 36 to 39 weeks;

Willing to donate placenta tissue for scientific research after delivery.

Meanwhile, placenta tissues from 30 cases of patients at gestational ages of 36 to 39 weeks who received emergency
cesarean section due to threatened uterus rupture were also collected as the control group. The gestational ages between
the preeclampsia group and the control group were statistically matched. Placenta tissues were taken from the center of the
placenta within 30 min after delivery of the placenta. Basic information including age, body mass index (BMI, kg/m?), blood
pressure (mmHg), and urinary protein (g/24 h) was also gathered.

In this study, patients with diabetes, infectious diseases, circulation system disease, and autoimmune disease were excluded.
Besides, patients with intrauterine growth restriction caused by factors other than preeclampsia including underfeeding, intrauterine
infection, fetal chromosomal abnormality, uterine malformation, umbilical anomalies, placental abruption, etc. were also excluded.

This study was approved by the Ethics Committee of the Liao Cheng People’s Hospital (approval no. 2018.0407.2), the
Shandong Provincial Hospital Affiliated to Shandong University (approval no. 2018-0056), and the Tai’an City Central
Hospital (approval no. 2018017v4), and it was conducted in accordance with the Declaration of Helsinki (1964). Informed
consent was obtained for experimentation with human subjects.

Cell culture

The primary human trophoblasts were isolated from the placenta tissues of patients with or without late-onset preeclampsia
according to the previously reported method". Briefly, placenta tissues were digested repeatedly with 300 IU/mL deoxyribonuclease
(Sigma-Aldrich, St. Louis, MO, United States of America) and 0.25% trypsin (Sigma-Aldrich, St. Louis, MO, United States of America)
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at 37°C, underwent filtration and discontinuous density gradient centrifugation in a discontinuous Percoll gradient (Sigma-Aldrich,
St. Louis, MO, United States of America) to purify the trophoblast cells. Isolated cells were cultured in Dulbeccos modified eagle
medium (high glucose) supplemented with 10% (v/v) fetal bovine serum (FBS) (Gibco, United States of America), 1% penicillin
(Gibco, United States of America), and 1% streptomycin (Gibco, United States of America) at 37°C in a 5% CO, atmosphere.

Trophoblast cell line HTR-8/SVneo (ATCC, United States of America) was also cultured in RPMI 1,640 medium
supplemented with 10% (v/v) FBS (Gibco, United States of America), 1% penicillin and streptomycin (Gibco, United States
of America) at 37°C in a 5% CO? atmosphere.

Cell transfection

The control siRNA (si-NC), WDR5 siRNA (si-WDR5), IKBa siRNA (si-IKBa), and NF-kB siRNA (si-NF-xB) were
generated by GenePharma in Shanghai. The control vector (vector-NC) and WDR5 vector (vector-WDR5) were also generated
(GenePharma, Shanghai). Lipofectamine™ 2000 was employed for cell transfection, according to the manufacturer’s instructions.

Cell counting kit-8 assay

Cells (5,000 cells/well) grown in 96-well plates were cultured for 48 hours, followed by the supplement of CCK-8 solution

(Beyotime, China). After 2-4-hour incubation, OD,,, was measured using a microplate reader.

Colony-formation assay

HTR-8/SVneo cells were seeded into six-well plates at a rate of 300 cells/well and incubated for 10 days. Then, cells were washed
twice with PBS and stained with 2% crystal violet solution for 15 min. The number of clones was counted under a microscope.

Wound healing assay

HTR-8/SVneo cells (1x10°) were cultured in 24-well plates up to 90% confluence. Then, cells were scratched with a
10-pL sterile pipette tip. The plate was incubated at 37°C for 24 hours, and the wounded area was photographed before and
after 24-hour incubation by a microscope (Leica Microsystems).

Transwell migration assay

HTR-8/SVneo cells (1x10°) were re-suspended in serum-free medium and seeded into the upper compartment of transwell chambers
(Corning, NY, United States of America) spreading with 50 pL of Matrigel (Solarbio, Beijing, China). The lower chambers were filled
with 600-pL FBS-containing medium. After 24 hours of incubation, the invaded cells were immobilized by 4% paraformaldehyde.
Afterwards, 0.1% crystal violet solution was to dye cells for 20 min and photographed under a microscope (Olympus, Tokyo, Japan).

Real-time quantitative polymerase chain reaction

Total RNA was isolated using TRIzol reagent. Subsequently, RNA was reverse transcribed into cDNA using the prime script
reagent RT kit. Then, real-time polymerase chain reactions (PCR) were performed using an ABI Detection System and SYBR
Green Premix Ex Taq™. The primer sequences for the genes are as follows: WDR5 sense: 5-AATATCCGATGTAGCCTGGTC-3;
antisense: 5’-TTGGACTGGGGATTGAAGTTG-3’; PCNA sense: 5- AAACTAGCTAGACTTTCCTC-3), antisense:
5- TCACGCCCATGGCCAGGTTG -3’; Ki-67 sense: 5- TGCGTTCTGCTCCTACTGCTT-3), antisense: 5-
CCGTGATCCATTCATTCTGCTTATT-3’; GAPDH sense, 5-AAAATCAAGTGGGGCGATGCT-3, antisense:
5-GGGCAGAGATGATGACCCTTT-3. The relative expression of the gene was calculated using the 224" method.

Western blotting analysis

Total lysates from tissue samples and cell lines were obtained by lysing in RIPA lysis buffer. A bicinchoninic acid assay kit
was utilized for the quantification of proteins. Subsequently, SDS-PAGE was used to segregate protein samples, followed by
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transfer to polyvinylidene difluoride (PVDF) membrane. Specific antibodies against WDR5, PCNA (Proliferating Cell Nuclear
Antigen), Ki67, matrix metalloproteinase (MMP)2, MMP9, IkBa, and glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
were incubated with membranes overnight at 4°C. Protein bands were detected with enhanced chemiluminescence (ECL)
and analyzed using Image] software.

Immunohistochemistry

Immunohistochemistry (IHC) was performed in paraffin-embedded sections using an IHC kit (SV0002, BOSTER,
China). Briefly, after being deparaffinized and rehydrated, the sections were blocked using 5% bovine serum albumin for
30 min, and then incubated with antibodies anti-WDR5 (ab178410, Abcam, United States of America) or anti-NF-kB p65
(ab32536, Abcam, United States of America) overnight at 4°C, followed by being incubated with the secondary antibody
provided in the kits for another 30 min. The section was then stained with 3,3’-diaminobenzidine, and it was observed
and photographed using an Olympus microscopy. Protein expression was quantified according to the H-score, which was
calculated using the following formula: H-score % Pi (i), where i is the intensity of staining with a value of 1, 2, or 3 (weak,

moderate, or strong, respectively), and Pi is the percentage of stained cells for each intensity in the range of 0-100%.

Immunofluorescence

Cells were fixed with 4% formaldehyde and incubated overnight at 4°C with primary antibodies anti-tubulin (ab7291,
Abcam, United States of America) or anti-NF-«B p65 (ab32536, Abcam, United States of America). Cells were then incubated
with the goat anti-rabbit secondary antibody (BA1031 and BA1032, BOSTER, China) at 37°C for another 30 min. The nucleus
was strained by 4’6-diamidino-2-phenylindole (DAPI) (Beyotime, China). Cells were observed by laser scanning confocal
microscope (Leica, Germany), and results were analyzed by Leica Application Suite X (Leica, Germany).

Co-immunoprecipitation

Cells were lysed in immunoprecipitation (IP) lysis buffer (Beyotime, Shanghai, China) with a cocktail of protease/
phosphatase inhibitors (Beyotime, Shanghai, China). Then, total proteins were incubated with anti-WDR5 or anti-IgG
overnight at 4°C. Subsequently, protein A/Gcoated magnetic beads were used to capture protein complexes at 4°C for 6 hours.

The immunoprecipitated proteins were examined by western blotting analysis after being washed in lysis buffer for 3 minutes.

Animal model development

All animal experiments comply with the ARRIVE guidelines and were carried out in accordance with the UK.
Animals (Scientific Procedures) Act, 1986, and the National Institutes of Health guide for the care and use of laboratory
animals (NTH Publications No. 8023, revised 1978).

In this study, ICR (Institute of Cancer Research) female mice (n = 24, 200-250 g) were purchased from the Animal
Experiment Center of Shandong University School of Medicine (experimental animal quality certificate no. 42007800001156).
Animal experiments were approved by the Medical Ethics Committee of Shandong University School of Medicine, and the

process was carried out in strict accordance with the regulations for the management of experimental animals.

Mice were fed adaptively in separate cages for four or five days in the animal room at a room temperature of 20-25°C,
with free food and water, and the bedding in the rearing cage was changed every three or four days. The female mice were
marked with picric acid, and, when the female mice were in estrus, they were housed in cages with male mice at a ratio
of 2:1 after 8 p.m. Female mice were given vaginal smears before 8 a.m. the next morning. When sperm was found, it was

considered to be the first day of pregnancy, and they were kept in separate cages.

Pregnant mice were randomly divided into three groups with eight mice in each group. The first group was a normal
pregnancy group, and the latter two groups were injected with L-NG-nitro arginine methyl ester (L-NAME) on the 16" day
of gestation for the modeling of late-onset preeclampsia'®. From the 16™ day of gestation, L-NAME solution (125 mg/kg/d),
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si-NC (20 M/d) and/or si-WDR5 (20M/d) were subcutaneously injected. The injection was performed until the 19" day
of pregnancy, for a total of four days.

The blood pressure of the mice was measured with a non-invasive mouse tail artery manometer before pregnancy and
every other morning from the second day of pregnancy, and the measurement was repeated three to five times each time.
The mice were placed in metabolic cages on the 20" day of gestation, without food or water. The 24-hour urine of the mice
was collected from 10 a.m. to 10 a.m. the next day, the collected urine was centrifuged at 2,000 rpm for 5 minutes, and the
urine protein content was detected by the BCA method.

Statistical analysis

Data from three sets of independent experiments are displayed as means + standard deviation (SD). Differences among
diverse groups were confirmed using one-way analysis of variance (ANOVA), and differences were determined to be
statistically significant when P<0.05.

Results

WDRS5 was increased in placentas of late-onset preeclampsia patients, and its level was positively
correlated with the severity of patients

We first analyzed the WDR5 expression in placentas. Results showed that the protein and mRNA levels of WDR5 were
visibly increased in placentas of late-onset preeclampsia patients (Figs. 1a-1c). Besides, we found that the mRNA level of
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Figure 1 - WDRG5 is increased in placentas of the LO preeclampsia patients. (a) The WDR5 protein level was upregulated
in placentas of the LO preeclampsia patients compared to that of patients without preeclampsia. (b) mRNA of WDR5 was
upregulated in placentas of the LO preeclampsia patients compared to that from patients without preeclampsia. (c) Results
of the immunohistochemistry assay verified the increase of WDR5 in placentas of the LO preeclampsia patients.
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WDRS5 in placentas of late-onset preeclampsia patients had a positive relationship with the severity of this disease: highest
expression of WDR5 was observed in patients who had higher blood pressure, patients with gestation less than 37 weeks,
patients who had a higher concentration of urinary protein, patients with low-birth-weight infants, and patients with lower

weight of placentas (Table 1).

Table 1 - The relationship between WDR5 expression in placentas from preeclampsia patients and patients’ clinical

characteristics.
Characteristics Case (n = 30) WDR5 mRNA level t/F P-value
Maternal age (year old) -1.717 0.097
<35 20 0.994 £+ 0.025
>35 10 1.012+0.031
Body mass index (kg/m?) 0.896 0.409
<18.5 7 0.988 +£0.017
18.5-24.9 16 1.013+0.019
>25 7 0.982 £0.021
Gestational age (week) 16.471 <0.001
<37 8 1.067 +£0.034
=37 22 0.815=+0.045
Systolic pressure (mmHg) -22.258 <0.001
<160 23 0.806 +0.019
> 160 7 1.059 +0.028
Diastolic pressure (mmHg) -13.284 <0.001
<110 24 0.821 +0.041
>110 6 1.045+0.036
Proteinuria (g/24 h) -12.448 <0.001
<5 19 0.824+0.078
>5 11 1.102 £+ 0.045
Neonatal weight (kg) 10.117 <0.001
<25 7 1.034 £ 0.057
=25 23 0.811+0.016
Placental weight (g) 28.611 <0.001
<500 12 1.123 £ 0.036
=500 18 0.815+0.011

WDRS5: WD repeat domain 5.

WDRS5 overexpression abrogated cell proliferation and clonal growth in trophoblasts

To further verify the role of WDRS5, we overexpressed WDR5 in trophoblasts (Figs. 2a and 2b). We observed that WDR5
overexpression impeded the proliferation of trophoblast cells (Fig. 2c) and distinctly depleted the protein levels of proliferation
markers including PCNA and Ki67 (Figs. 2d and 2e). Meanwhile, the upregulation of WDR5 hampered the clonal growth
of trophoblast cell (Fig. 2f). No significant difference was observed in the apoptosis rates between trophoblasts with or
without WDR5 overexpression ((Fig. 2g). These findings implied that WDRS5 overexpression prominently attenuated cell

proliferation and clonal growth in trophoblast cells.
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Figure 2 - WDRS5 overexpression abrogated cell proliferation and clonal growth in trophoblast cells. (a and b) WDR5
expression was measured by western blotting analysis and real-time quantitative polymerase chain reaction. (c) The
proliferation of trophoblast cells was measured by a CCK-8 assay. (d and e) The protein levels of PCNA and Ki67 were
detected by western blotting analysis. (f) The clonal growth of trophoblast cells was detected by colony formation assay.

WDRS5 overexpression weakened the migratory and invasive capacities of trophoblasts

We next tested the effect of WDR5 overexpression on the migratory and invasive capacities of trophoblasts. Results showed
that the upregulation of WDRS5 significantly arrested the migration and invasion of HTR-8/SVneo cells (Figs. 3a and 3b).
Moreover, the protein levels of key factors regarding invasion including MMP2 and MMP9 were also reduced significantly
in trophoblast cells upon WDR5 overexpression (Fig. 3¢).

WDRS5 activated NF-xB by binding to IkBa

To dissect the underlying mechanism, we next used the HitPredict database to predict the interacting proteins with
WDR5. The top 50 proteins with potential interaction with WDR5 were presented in the heat map, and IkBa showed a strong
possibility to interact with WDR5 (Fig. 4a). Co-IP analysis validated the interaction between WDRS5 and IkBa (Fig. 4b).
The location of NF-«B reflects its activity, with nuclear protein indicating the active form, while cytoplasmic protein indicates
the inactive form. We next evaluated the activity of NF-kB using immunofluorescence. As we expected, compared to normal

placenta, trophoblasts from placenta of late-onset preeclampsia patients showed over-activated NF-«B (Fig. 4c), while the
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Figure 3 - WDRS5 overexpression suppressed the migration and invasive abilities of trophoblast cells. (a and b) Wound
healing assay and transwell assay respectively appraised cell migration and invasion. (c) Western blotting analyzed MMP2
and MMP?9 expression at protein levels.

knockdown of WDRS5 rescued phenomenon of over-activated NF-«xB observed in trophoblasts from placenta of late-onset
preeclampsia patients (Fig. 4c). Additionally, using si-IKBa to silence IKBa eliminated the function of si-WDRS5 (Fig. 4c).
These results indicate that WDR5 activated NF-kB through IkBa.

Gain of WDRS5 suppressed proliferative ability of trophoblasts through NF-«xB

HTR-8/SVneo cells were transfected with vectors or siRNAs to upregulate the expression of WDR5 or silence NF-«kB.
Results revealed that the suppressed HTR-8/SVneo cell proliferation caused by WDRS5 overexpression was recused upon the
knockdown of NF-«B (Fig. 5a). Additionally, enhanced PCNA and Ki-67 levels after the co-transfection of vector-WDR5
and si-NF-«B validated the mentioned findings (Figs. 5b and 5c¢). Furthermore, silencing NF-«B abrogated the suppression
effect of WDR5 overexpression on the clone-forming ability of HTR-8/SVneo cells (Fig. 5d).

Gain of WDR5 hindered trophoblast cell migration and invasion through NF-«xB

Also, it was revealed that inhibiting NF-kB expression in WDR5-overexpressing HTR-8/SVneo cells rescued the cellular
migration and invasive abilities (Figs. 6a and 6b). In addition, the increased protein levels of MMP2 and MMP9 were also
observed (Fig. 6¢).
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Figure 4 - WDRS5 activated NF-kB by binding to IkBa. (a) The top 50 proteins interacting with WDRS5 in the heat map
(red: proteins positively correlated; blue: proteins negatively correlated). (b) Co-IP assays verified the interaction between
WDRS5 and IkBa. (c) Immunofluorescence estimated the activation of NF-kB in trophoblast cells from placental tissues.

Silencing of WDRS5 alleviated late-onset preeclampsia in mouse model

We then tested the therapeutic value of WDR5 in late-onset preeclampsia using the mouse model. The blood pressure of
the mice in the normal pregnancy group was stable throughout the pregnancy. In late-onset preeclampsia group, the blood
pressure after injection of the modeling agent L-NAME increased significantly (P<0.01, Fig. 7a). The blood pressure of mice in
the L-NAME + si-WDRS5 group increased, but it dropped back to the normal level quickly (P > 0.05, Fig. 7a). The 24-hour urine
of the three groups was collected on the 20™ day of gestation in mice. Results showed that the 24-hour urine protein level of the
late-onset preeclampsia group was significantly higher than that of the normal group and si-WDR5 group (P < 0.001, Fig. 7b).
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Figure 5 - WDR5 overexpression suppressed the proliferation and clonal growth of trophoblast cells through NF-«B. (a)
The proliferation of trophoblast cells was measured by a CCK-8 assay. (b and c) The expressions of PCNA and Ki-67 at the
mRNA level and protein level were measured by real-time quantitative polymerase chain reaction and western blotting
analysis, respectively. (d) The clonal growth of trophoblast cells was detected by colony formation assay.

The mice underwent cesarean section on the 21 day of gestation, and the weights of the fetus and the placentas were
recorded. Compared with the normal pregnancy group and the si-WDR5 group, the weights of the fetus and the placenta
in the late-onset preeclampsia group decreased significantly (P < 0.05). There was no significant difference in the weight of
offspring and placenta between the normal group and the si-WDR5 group (P > 0.05, Fig. 7c). Moreover, WDRS5 expression
level and nuclear NF-«B level were significantly higher in the late-onset preeclampsia group than that in the normal group

and the si-WDR5 group (P < 0.001, Fig. 7d). These results suggested that targeting WDR5 could suppress the progression
of late-onset preeclampsia®®?'.

m Discussion

In the current study, for the first time, we investigated the function of WDR5 in the development of late-onset preeclampsia
by both in-vitro and in-vivo experiments, and results indicate that WDRS5 promotes the development of late-onset preeclampsia
by interacting with IkBa and thus activating NF-kB. Overexpression of WDR5 leads to the attenuated proliferation and
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Figure 6 - WDR5 overexpression hindered trophoblast cell migration and invasion through NF-«B. (a and b) Wound
healing assay and transwell assay respectively appraised cell migration and invasion. (c) Western blotting analyzed MMP2
and MMP?9 protein levels.

invasion of trophoblasts. Besides, we found that the expression level of WDRS5 in placenta tissues is positively associated
with the severity of preeclampsia, indicating that WDR5 may serve as a biomarker to monitor the progress of late-onset

preeclampsia, and to predict the prognosis of this disease.

As a key regulator of histone methyltransferase, WDR5 is crucial for histone H3 lysine 4 trimethylation, chromatin
remodeling, and transcriptional activation of target genes''. Our previous study has proved that WDR5 is involved in the
development of early-onset preeclampsia’. Notably, the expression patterns of WDR5 between early-onset preeclampsia
and late-onset preeclampsia are not the same’’, and its role in late-onset preeclampsia is rarely reported. In this study, for
the first time, we prove that the increased WDR5 in the placentas results in the attenuated proliferation and invasion of

trophoblasts, while targeting WDR5 may serve as an approach for the treatment of late-onset preeclampsia.

To further dissect the molecular mechanism of WDRS5 functions, we tried to find the protein which interacts with
WDR5. Results indicate that IkBa, an endogenous inhibitor of NF-kB, can bind to WDR5. In mammals, IkBa inhibits the
activation of NF-«B by binding to NF-«B and preventing it from forming dimer and entering the nucleus, and thus NF-xB
is detained in the cytoplasm as the inactive form*. Normally, expressed NF-kB is a key mediator for placental formation®.
Since insemination, it stimulates the production of proinflammatory cytokines in uterine epithelial cells, leading to the

activation of macrophages, uterine natural killer cells, and other leukocytes?. Trophoblast-macrophage crosstalk is critical for
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Figure 7 - Silencing WDR5 inhibited the late-onset preeclampsia development in mice. (a) Effects of si-WDR5 on blood
pressure in late-onset preeclampsia mice. (b) Effects of si-WDR5 on urinary protein in late-onset preeclampsia mice. (c)
Effects of si-WDR5 on offspring development of late-onset preeclampsia mice. (d) WDR5 expression level and nuclear NF-xB
level were significantly higher in the late-onset preeclampsia group than that in the normal group and the si-WDR5 group.

engraftment and spiral artery remodeling®. NF-«B regulates this process by altering cytokine expression, as well as cellular
phenotype and function. However, results of a series of studies have proven that over-activated NF-«B affects trophoblasts
functions through a variety of mechanisms-%.

During preeclampsia, the placental syncytiotrophoblast stress is induced by excessive inflammation and increased NF-«xB
activation®. Placental syncytiotrophoblast stress has been found to play a crucial role in late-onset preeclampsia progression,
and it is closely related to the dysfunction of trophoblast®. A study by Sha et al. indicated that selective inhibition of NF-xB
or the NF-«B activation pathway reduced the symptoms of preeclampsia in a rat model*.

In our study, we found that WDRS5 weakened the proliferation and invasion of trophoblasts and promoted the development
of late-onset preeclampsia by activating NF-«B. Our study unmasked that NF-kB over-activation was gained in trophoblasts
to function as a regulator to suppress proliferation and invasion in trophoblasts. Moreover, we proved that targeting WDR5

alleviated late-onset preeclampsia progression significantly in mice model, indicating that WDRS5 has therapeutic potential
in late-onset preeclampsia.
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Conclusion

For the first time, this study found that increased WDRS5 in the placenta is involved in the development of late-onset
preeclampsia. Mechanically, WDRS5 binds to IkBa to activate NF-kB, and further impairs trophoblast cells proliferation,
invasion, and migration. These results will help us to understand the pathogenesis of late-onset preeclampsia better and

are also conducive to the discovery of new therapeutic targets for late-onset preeclampsia.

Conflict of interest

Nothing to declare.

Authors’ contribution

Conception and design of the study: Zhao X, Su F, Li A, and Li Q; Technical procedures: Zhao X, Su E Li Q, Kong
F and Su J; Interpretation of data: Zhao X, Su F, Kong E, Su J and Yang X; Statistical analysis: Zhao X, Su F and Li L;

Manuscript preparation: Zhao X, Su F, Kong F and Su J; Critical revision: Aihua Li and Qinwen Li.

Data availability statement

The data will be available upon request.

Funding

Key Research & Development Project of Shandong Province

Grant no: 2019GSF108096

National Natural Science Foundation of China

Grant nos: 81801473, 81971409, 81741037

Shandong Medical and Health Technology Development Program
Grant no: 2016 WS0412

Chongqing Postdoctoral Research Special Funding Project

Grant no: XmT2018077

China Postdoctoral Science Foundation

Grant nos: 2018M631067, 20197120814

Open Project of NHC Key Laboratory of Fertility Control Technology
Grant no: 2018KF002

Jinan Science and Technology Development Program

Grant no: 201907011

Nursery Project of the Affiliated Tai'an City Central Hospital of Qingdao University
Grant no: 2021MPM16

Acta Cir Bras. V38. e386223 . 2023 13



WD repeat domain 5 promotes the development of late-onset preeclampsia by activating nuclear factor kappa B

10.

11.

12.

13.

14.

14

Acknowledgments

Not applicable.

About the authors

Zhao X, Kong F and Li L are medical doctors.
SuFE SuJ, Yang X and Li A are masters in Medicine.
Li Q is a bachelor.

References

Jena MK, Sharma NR, Petitt M, Maulik D, Nayak NR. Pathogenesis of Preeclampsia and Therapeutic Approaches
Targeting the Placenta. Biomolecules. 2020;10(6):953. https://doi.org/10.3390/biom10060953

Ives CW, Sinkey R, Rajapreyar I, Tita ATN, Oparil S. Preeclampsia-Pathophysiology and Clinical Presentations: JACC
State-of-the-Art Review. ] Am Coll Cardiol. 2020;76(14):1690-702. https://doi.org/10.1016/j.jacc.2020.08.014

Serra B, Mendoza M, Scazzocchio E, Meler E, Nolla M, Sabria E, Rodriguez I, Carreras E. A new model for screening for
early-onset preeclampsia. Am ] Obstet Gynecol. 2020;222(6):608.e1-.e18. https://doi.org/10.1016/j.ajog.2020.01.020

Michalczyk M, Celewicz A, Celewicz M, Wozniakowska-Gondek P, Rzepka R. The Role of Inflammation in the
Pathogenesis of Preeclampsia. Mediators Inflamm. 2020;3864941. https://doi.org/10.1155/2020/3864941

Miller EC, Wilczek A, Bello NA, Tom S, Wapner R, Suh Y. Pregnancy, preeclampsia and maternal aging:
From epidemiology to functional genomics. Ageing Res Rev. 2022;73:101535. https://doi.org/10.1016/j.
arr.2021.101535

Antwi E, Amoakoh-Coleman M, Vieira DL, Madhavaram S, Koram KA, Grobbee DE, Agyepong IA, Klipstein-
Grobusch K. Systematic review of prediction models for gestational hypertension and preeclampsia. PLoS One.
2020;15(4):€0230955. https://doi.org/10.1371/journal.pone.0230955

Gatford KL, Andraweera PH, Roberts CT, Care AS. Animal Models of Preeclampsia: Causes, Consequences, and
Interventions. Hypertension. 2020;75(6):1363-81. https://doi.org/10.1161/hypertensionaha.119.14598

Ishimwe JA. Maternal microbiome in preeclampsia pathophysiology and implications on offspring health. Physiol
Rep. 2021;9(10):e14875. https://doi.org/10.14814/phy2.14875

Marin R, Chiarello DI, Abad C, Rojas D, Toledo F, Sobrevia L. Oxidative stress and mitochondrial dysfunction in
early-onset and late-onset preeclampsia. Biochim Biophys Acta Mol Basis Dis. 2020;1866(12):165961. https://doi.
org/10.1016/j.bbadis.2020.165961

Aneman I, Pienaar D, Suvakov S, Simic TP, Garovic VD, Mcclements L. Mechanisms of Key Innate Immune Cells in
Early- and Late-Onset Preeclampsia. Front Immunol. 2020;11:1864. https://doi.org/10.3389/fimmu.2020.01864

Xue W, Yao X, Ting G, Ling J, Huimin L, Yuan Q, Chun Z, Ming Z, Yuanzhen Z. BPA modulates the WDR5/TET2
complex to regulate ERP expression in eutopic endometrium and drives the development of endometriosis. Environ
Pollut. 2021;268(Pt B):115748. https://doi.org/10.1016/j.envpol.2020.115748

Lu K, Tao H, Si X, Chen Q. The Histone H3 Lysine 4 Presenter WDRS5 as an Oncogenic Protein and Novel Epigenetic
Target in Cancer. Front Oncol. 2018;8:502. https://doi.org/10.3389/fonc.2018.00502

Guarnaccia AD, Tansey WP. Moonlighting with WDR5: A Cellular Multitasker. ] Clin Med. 2018;7(2):21. https://doi.
0rg/10.3390/jcm7020021

Lan R, Yang Y, Song J, Wang L, Gong H. Fas regulates the apoptosis and migration of trophoblast cells by targeting
NF-«B. Exp Ther Med. 2021;22(4):1055. https://doi.org/10.3892/etm.2021.10489

Acta Cir Bras. V38. e386223 . 2023


https://doi.org/10.3390/biom10060953
https://doi.org/10.1016/j.jacc.2020.08.014
https://doi.org/10.1016/j.ajog.2020.01.020
https://doi.org/10.1155/2020/3864941
https://doi.org/10.1016/j.arr.2021.101535
https://doi.org/10.1016/j.arr.2021.101535
https://doi.org/10.1371/journal.pone.0230955
https://doi.org/10.1161/hypertensionaha.119.14598
https://doi.org/10.14814/phy2.14875
https://doi.org/10.1016/j.bbadis.2020.165961
https://doi.org/10.1016/j.bbadis.2020.165961
https://doi.org/10.3389/fimmu.2020.01864
https://doi.org/10.1016/j.envpol.2020.115748
https://doi.org/10.3389/fonc.2018.00502
https://doi.org/10.3390/jcm7020021
https://doi.org/10.3390/jcm7020021
https://doi.org/10.3892/etm.2021.10489

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Zhao X et al.

Zhao X, Su E Kong F, Guo Q, Wang X, Cui H, Li Q, Zhang W, Li L, Li A. miR-101-3p contributes to the progression
of preeclampsia by suppressing WDR5-mediated proliferation and invasion of trophoblast. ] Obstet Gynaecol Res.
2023;49(1):141-53. https://doi.org/10.1111/jog.15475

Feng Y, Chen X, Wang H, Chen X, Lan Z, Li P, Cao Y, Liu M, Lv ], Chen Y, Wang Y, Sheng C, Huang Y, Zhong M,
Wang Z, Yue X, Huang L. Collagen I Induces Preeclampsia-Like Symptoms by Suppressing Proliferation and Invasion
of Trophoblasts. Front Endocrinol (Lausanne). 2021;12:664766. https://doi.org/10.3389/fendo.2021.664766

Karahoda R, Kallol S, Groessl M. Revisiting Steroidogenic Pathways in the Human Placenta and Primary Human
Trophoblast Cells. Int ] Mol Sci. 2021;22(4):1704. https://doi.org/10.3390/ijms22041704

Wen X, Zhu M, Li Z, Li T, Xu X. Dual effects of bisphenol A on wound healing, involvement of estrogen receptor f.
Ecotoxicol Environ Saf. 2022;231:113207. https://doi.org/10.1016/j.ecoenv.2022.113207

Ma RQ, Sun MN, Yang Z. Effects of preeclampsia-like symptoms at early gestational stage on feto-placental outcomes
in a mouse model. Chin Med J (Engl). 2010;123(6):707-12.

Zhao X, Su E Kong F, Guo Q, Wang X, Cui H, Li Q, Zhang W, Li L, Li A. miR-101-3p contributes to the progression
of preeclampsia by suppressing WDR5-mediated proliferation and invasion of trophoblast. ] Obstet Gynaecol Res.
2023;49(1):141-53. https://doi.org/10.1111/jog.15475

Rana S, Lemoine E, Granger JP, Karumanchi SA. Preeclampsia: Pathophysiology, Challenges, and Perspectives. Circ
Res. 2019;124(7):1094-112. https://doi.org/10.1161/circresaha.118.313276

Zha H, Miao W, Rong W, Wang A, Jiang W, Liu R, Liu L, Wang Y. Remote ischaemic perconditioning reduces the
infarct volume and improves the neurological function of acute ischaemic stroke partially through the miR-153-5p/
TLR4/p65/1kBa signalling pathway. Folia Neuropathol. 2021;59(4):335-49. https://doi.org/10.5114/fn.2021.112127

Ariyakumar G, Morris JM, Mckelvey KJ, Ashton AW, Mccracken SA. NF-«kB regulation in maternal immunity during
normal and IUGR pregnancies. Sci Rep. 2021;11(1):20971. https://doi.org/10.1038/s41598-021-00430-3

Tian L, Liu G, Kang Z, Yan P. Microtubule Affinity-Regulating Kinase 4 Promotes Oxidative Stress and Mitochondrial
Dysfunction by Activating NF-kB and Inhibiting AMPK Pathways in Porcine Placental Trophoblasts. Biomedicines.
2022;10(1):165. https://doi.org/10.3390/biomedicines10010165

Eastman AJ, Vrana EN. Cytotrophoblasts suppress macrophage-mediated inflammation through a contact-dependent
mechanism. Am ] Reprod Immunol. 2021;85(3):e13352. https://doi.org/10.1111/aji.13352

Davies M, Feerch L, Jeppesen OK, Pakseresht A, Pedersen SD, Perreault L, Rosenstock J, Shimomura I, Viljoen A,
Wadden TA, Lingvay I. Semaglutide 2-4 mg once a week in adults with overweight or obesity, and type 2 diabetes (STEP
2): a randomised, double-blind, double-dummy, placebo-controlled, phase 3 trial. Lancet. 2021;397(10278):971-84.
https://doi.org/10.1016/s0140-6736(21)00213-0

Matias ML, Gomes V], Romao-Veiga M. Silibinin Downregulates the NF-xB Pathway and NLRP1/NLRP3
Inflammasomes in Monocytes from Pregnant Women with Preeclampsia. Molecules. 2019;24(8):1548. https://doi.
org/10.3390/molecules24081548

Sha H, Ma Y, Tong Y, Zhao J, Qin E Apocynin inhibits placental TLR4/NF-kB signaling pathway and ameliorates
preeclampsia-likesymptomsinrats. Pregnancy Hypertens.2020;22:210-5. https://doi.org/10.1016/j.preghy.2020.10.006

Xue P, Fan W, Diao Z, Li Y, Kong C, Dai X, Peng Y, Chen L, Wang H, Hu Y, Hu Z. Up-regulation of PTEN via LPS/
AP-1/NF-«xB pathway inhibits trophoblast invasion contributing to preeclampsia. Mol Immunol. 2020;118:182-90.
https://doi.org/10.1016/j.molimm.2019.12.018

Socha MW, Malinowski B, Puk O. The Role of NF-kB in Uterine Spiral Arteries Remodeling, Insight into the
Cornerstone of Preeclampsia. Int ] Mol Sci. 2021;22(2):704. https://doi.org/10.3390/ijms22020704

Staff AC. The two-stage placental model of preeclampsia: An update. ] Reprod Immunol. 2019;134-135:1-10. https://
doi.org/10.1016/}.jri.2019.07.004

Acta Cir Bras. V38. e386223 . 2023 15


https://doi.org/10.1111/jog.15475
https://doi.org/10.3389/fendo.2021.664766
https://doi.org/10.3390/ijms22041704
https://doi.org/10.1016/j.ecoenv.2022.113207
https://doi.org/10.1111/jog.15475
https://doi.org/10.1161/circresaha.118.313276
https://doi.org/10.5114/fn.2021.112127
https://doi.org/10.1038/s41598-021-00430-3
https://doi.org/10.3390/biomedicines10010165
https://doi.org/10.1111/aji.13352
https://doi.org/10.1016/s0140-6736(21)00213-0
https://doi.org/10.3390/molecules24081548
https://doi.org/10.3390/molecules24081548
https://doi.org/10.1016/j.preghy.2020.10.006
https://doi.org/10.1016/j.molimm.2019.12.018
https://doi.org/10.3390/ijms22020704
https://doi.org/10.1016/j.jri.2019.07.004
https://doi.org/10.1016/j.jri.2019.07.004

