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Fkbp38 deletion induces premature ovarian insufficiency in mice by activating mTOR

signaling and inducing granulosa cell apoptosis

ZHOU Yuxia', ZHAO Huihui', SHUAI Ling', SHE Jiajie’, DIAO Ruiying’, WANG Liping"*
'Department of Obstetrics and Gynecology, Nanfang Hospital, Southern Medical University, Guangzhou 510515, China; *Department of
Reproductive Medicine, Shenzhen Second People’s Hospital, Shenzhen 518035, China

Abstract: Objective To investigate the role of tacrolimus-binding protein 38 (FKBP38) in follicle development and the
mechanism by which Fkbp38 gene deletion causes premature ovarian insufficiency (POI). Methods The Cre-loxp system was
used to construct oocyte-specific Fkbp38 knockout transgenic mice. The genotype of the transgenic mice was identified using
PCR, and the expression of FKBP38 in the oocytes was verified. The numbers of primordial follicles, primary follicles,
secondary follicles and antral follicles in Fkbp38 knockout mice and non-transgenic littermate control mice were counted with
HE staining under a microscope for analyzing the effect of Fkbp38 deletion on follicular development. The fertility and serum
sex hormone levels of the mice were determined by reproduction experiments and ELISA to assess ovarian function. Ovarian
granulosa cell apoptosis of the mice was assessed using TUNEL assay. The activity of the downstream target protein of
phosphorylated ribosomal S6 (PS6) of mTOR signaling pathway was detected, and the expressions of BCL-2 and BAX proteins
were determined using immunofluorescence assay for assessing oocyte development in the mice. Results The oocyte-specific
Fkbp38 knockout transgenic mouse model was successfully constructed, which showed decreased fertility, disordered sex
hormone levels, and significantly reduced primordial follicles, primary follicles and secondary follicles in the ovary (P<0.05),
demonstrating POI-like changes. Compared with the control mice, oocyte-specific Fkbp38 knockout caused activation of the
mTOR signaling pathway, significantly increased apoptosis of the granulosa cells, and obviously increased the BAX/BCL-2
ratio by increasing BAX expression and reducing BCL-2 expression in the oocytes (P<0.05). Conclusion FKBP38 plays an
important role in follicle development, and Fkbp38 gene deletion in mice causes POI possibly by activating the mTOR signaling
pathway and inducing granulosa cell apoptosis.
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Fig.1 Construction of oocyte-specific Fkbp38 knockout transgenic mice. A: Genotyping of the offspring mice

using PCR. B: Immunohistochemistry and immunofluorescence assay for detecting ovarian FKBP38

expression in the transgenic mice (Original magnification: x400).
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Fig.2 Follicular developmental disorders in oocyte-specific Fkbp38 knockout transgenic mice. Ovary size (A),
ovarian weight (B) and ovarian-to-body weight ratio (C) were measured in 4, 6 and 8 months old transgenic mice. D-
F: HE staining for assessing ovarian follicular development (x50). Ovarian follicle counting included the primordial,
primary, secondary and antral follicles in 4, 6 and 8 month old transgenic mice. In E and E, the lower panel shows the
enlarged view (x400) of the boxed area in the upper panel. *P<0.05, **P<0.01, ***P<0.001.
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Fig.3 Deletion of FKBP38 gene in oocytes leads to reduced fertility and sex hormone disorders in mice. A: Litters per
month. B: Total litter size at 6 months. C: Pregnancy cycle. D: Serum sex hormone levels of E2 (D), FSH (E), INHB (F),
LH (G) and AMH (H) tested by ELISA. *P<0.05, **P<0.01 vs control.
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Fig.4 Deletion of Fkbp38 gene in oocytes leads to activation of the mTOR signaling pathway, reduced anti-
apoptotic ability of the oocytes and apoptosis of granulosa cells. The expression of PS6 (A), apoptotic granulosa
cells (B), and expressions of BCL-2 and BAX (C) in the ovaries of Fkbp38 knockout mice are visualized using
immunofluorescence assay (x200). *P<0.05, **P<0.01.
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