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Notchl/Akt/Foxol Pathway Regulated by Kisspeptin Is Involved in Endometrial Decidualization in Patients With
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[ Abstract] Objective Kisspeptin, a protein encoded by the KISSI gene, functions as an essential factor in
suppressing tumor growth. The intricate orchestration of cellular processes such as proliferation and differentiation is
governed by the Notch1/Akt/Foxol signaling pathway, which assumes a central role in maintaining cellular homeostasis.
In the specific context of this investigation, the focal point lies in a meticulous exploration of the intricate mechanisms
underlying the regulatory effect of kisspeptin on the process of endometrial decidualization. This investigation delves into
the interplay between kisspeptin and the Notch1/Akt/Foxol signaling pathway, aiming to elucidate its significance in the
pathophysiology of recurrent spontaneous abortion (RSA). Methods We enrolled a cohort comprising 45 individuals
diagnosed with RSA, who were admitted to the outpatient clinic of the Reproductive Center at the Second Affiliated
Hospital of Soochow University between June 2020 and December 2020. On the other hand, an additional group of 50
women undergoing elective abortion at the outpatient clinic of the Family Planning Department during the same
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timeframe was also included. To comprehensively assess the molecular landscape, Western blot and RT-qPCR were
performed to analyze the expression levels of kisspeptin (and its gene KISSI), IGFBP1 (an established marker of
decidualization), Notchl, Akt, and Foxol within the decidua. Human endometrial stromal cells (hESC) were given
targeted interventions, including treatment with siRNA to disrupt KISSI or exposure to kisspeptinlO (the bioactive
fragment of kisspeptin), and were subsequently designated as the siKP group or the KP10 group, respectively. A control
group comprised hESC was transfected with blank siRNA, and cell proliferation was meticulously evaluated with CCK8
assay. Following in vitro induction for decidualization across the three experimental groups, immunofluorescence assay
was performed to identify differences in Notchl expression and decidualization morphology between the siKP and the
KP10 groups. Furthermore, RT-qPCR and Western blot were performed to gauge the expression levels of IGFBP1,
Notchl, Akt, and Foxol across the three cell groups. Subsequently, decidualization was induced in hESC by adding
inhibitors targeting Notch1l, Akt, and Foxol. The expression profiles of the aforementioned proteins and genes in the four
groups were then examined, with hESC induced for decidualization without adding inhibitors serving as the normal
control group. To establish murine models of normal pregnancy (NP) and RSA, CBA/JxBALB/c and CBA/JxDBA/2 mice
were used. The mice were respectively labeled as the NP model and RSA model. The experimental groups received
intraperitoneal injections of kisspeptin10 and kisspeptin234 (acting as a blocker) and were designated as RSA-KP10 and
NP-KP234 groups. On the other hand, the control groups received intraperitoneal injections of normal saline (NS) and
were referred to as RSA-NS and NP-NS groups. Each group comprised 6 mice, and uterine tissues from embryos at 9.5
days of gestation were meticulously collected for observation of embryo absorption and examination of the expression of
the aforementioned proteins and genes. Results The analysis revealed that the expression levels of kisspeptin, IGFBPI,
Notchl, Akt, and Foxol were significantly lower in patients diagnosed with RSA compared to those in women with NP
(P<0.01 for kisspeptin and P<0.05 for IGFBP1, Notch1, Akt, and Foxol). After the introduction of kisspeptin10 to hESC,
there was an observed enhancement in decidualization capability. Subsequently, the expression levels of Notchl, Akt, and
Foxol showed an increase, but they decreased after interference with KISSI1. Through immunofluorescence analysis, it was
observed that proliferative hESC displayed a slender morphology, but they transitioned to a rounder and larger
morphology post-decidualization. Concurrently, the expression of Notchl increased, suggesting enhanced decidualization
upon the administration of kisspeptinl0, but the expression decreased after interference with KISSI. Further
experimentation involved treating hESC with inhibitors specific to Notchl, Akt, and Foxol separately, revealing a
regulatory sequence of Notchl/Akt/Foxol (P<0.05). In comparison to the NS group, NP mice administered with
kisspeptin234 exhibited increased fetal absorption rates (P<0.001) and decreased expression of IGFBP1, Notchl, Akt, and
Foxol (P<0.05). Conversely, RSA mice administered with kisspeptinl0 demonstrated decreased fetal absorption rates
(P<0.001) and increased expression levels of the aforementioned molecules (P<0.05). Conclusion It is suggested that
kisspeptin might exert its regulatory influence on the process of decidualization through the modulation of the
Notch1/Akt/Foxol signaling cascade. A down-regulation of the expression levels of kisspeptin could result in suboptimal
decidualization, which in turn might contribute to the development or progression of RSA.
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& 1 RT-qPCR3|#1F 73
Table 1 The primer sequences used for RT-qPCR

Gene Sequence (5'-3") Product length/bp

H-GAPDH F: TGTGGGCATCAATGGATTTGG 119
R: ACACCATGTATTCCGGGTCAAT

H-KISS1 F: AGCAGCTAGAATCCCTGGG 250
R: AGGCCGAAGGAGTTCCAGT

H-IGFBP1 F: TTGGGACGCCATCAGTACCTA 114
R: TTGGCTAAACTCTCTACGACTCT

H-Notchl ~ F: GAGGCGTGGCAGACTATGC 140
R: CTTGTACTCCGTCAGCGTGA

H-Akt F: CCTCCACGACATCGCACTG 209
R: TCACAAAGAGCCCTCCATTATCA

H-Foxol =~ F: TCGTCATAATCTGTCCCTACACA 168
R: CGGCTTCGGCTCTTAGCAAA

M-GAPDH F: AATGGATTTGGACGCATTGGT 213
R: TTTGCACTGGTACGTGTTGAT

M-KISSI ~ F: CTCTGTGTCGCCACCTATGG 96
R: TTCCCAGGCATTAACGAGTTC

M-IGFBP1 F: CCATCCTGTGGAACGCCATC 180
R: TCTTGTTGCAGTTTGGCAGATA

M-Notchl  F: GATGGCCTCAATGGGTACAAG 74
R: TCGTTGTTGTTGATGTCACAGT

M-Akt F: CCCTGCTCCTAGTCCACCA 85
R: TGTCTCTGTTTCAGTGGGCTC

M-Foxol =~ F: CCCAGGCCGGAGTTTAACC 132

R: GTTGCTCATAAAGTCGGTGCT

H- and M- represent cells of human/hESC and mouse origin, respectively.
IGFBP1I: insulin-like growth factor binding protein 1 gene; KISSI: kisspeptin
gene.
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Fig 1 Schematic illustration of the animal experimental procedure

The first 0.5 day of pregnancy is recorded as GD 0.5 and the rest as such.
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Table2 Comparison of clinical data between the RSA group and the NP group

Group n Agelyr. Gestational age/week Gravidity (frequency) Abortions (frequency)
RSA 45 29.23+4.34 8.32+1.31 3.34+1.11 2.86+0.78
NP 50 29.67+5.58 7.98+1.56 2.88+1.55 1.57+1.42
14 0.6608 0.2408 0.0911 <0.0001
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Fig 2 The expression of kisspeptin, IGFBP1, Notch1, Akt, and Foxol in the decidual tissues of the RSA and the NP groups

n=10." P<0.05, " P<0.01, " P<0.001.
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Fig 3 Results of hESC proliferation and decidualization
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A, The efficiency of KISSI-targeting siRNA transfection. B, Quantitative analysis of the results of CCK8 assay of hESC in various groups; the hESC treated with blank siRNA,
siKP, or kisspeptin10 were named control group, siKP group, and KP10 group, respectively. C, Immunofluorescence assay showing the expression of Notch1, F-actin,
DAPI, and merged results after 5 days of inducing decidualization in different treatment groups (original magnificationx200). Red: Notch1; Green: F-actin (cellular
cytoskeleton); Blue: DAPI. hESC without decidualization: the hESC in the group were cultured without decidualization induction; hESC decidualization: a group inducing
decidualization for 5 days; hRESC+KP10 decidualization: after KP10 was administered, the hESC in the group underwent decidualization induction for 5 days; hESC+siKP
decidualization: after siKP transfection, the hESC in the group underwent decidualization induction for 5 days. n=3. " P<0.01, " P<0.001.
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