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INDUCTION OF AUTOPHAGY IN BOVINE OVARIAN GRANULOSA CELLS BY ESTROGEN
RECEPTOR B (ERB) EXPRESSION VIA THE AKT/MTOR SIGNALING PATHWAY

Abstract: The aim of our study was to determine whether silencing or overexpression of es-
trogen receptor B (ERB) regulates cell proliferation, steroidogenesis, autophagy and signalling pathways
in bovine ovarian granulosa cells in vitro. In this study, bovine ovarian granulosa cells (BGCs) were
cultured and transfected with ERB siRNA (si-ERf) or a plasmid overexpressing ERB (oe-ERf), and CCK-
8 kit was used to assess cell proliferation. Real-time PCR was used to measure gene transcription.
Western blotting was used to measure protein expression, and a specific kit was used to measure the
production of steroid hormones [1]. The results showed the expression level of ERB af- fects BGC
proliferation according to the gene transcription levels of FSHR, CYP19A1, HSD3B31 and STAR and the
production of E2 and P4. ERB was identified as an important nuclear receptor that induced BGC
autophagy based on the mRNA and protein ex- pression of autophagy-related genes. Furthermore, the
role of ERB in BGC autophagy was confirmed through treatment with rapamycin (RAPA) or 3-
methyladenine (3-MA) in BGCs by cotransfection with si-ERB or oe-ERB in BGCs [2, 3]. The results
related to AKT/ mTOR signalling and phosphorylation suggested that ERB induces BGC autophagy
through attenuating AKT/mTOR signalling. In summary, this study demonstrates that silencing or
overexpression of ERB regulates BGC proliferation and function and in- duces BGC autophagy by
targeting AKT/mTOR signalling. These data reveal a novel regulatory mechanism of autophagy via ERpB
and provide insights into the role of au- tophagy in BGCs [4, 5].
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Introduction

Ovarian follicular granulosa cells play a critical role in follicle ovulation or atresia through steroid
hormone synthesis and communication with oocytes during follicular development (Adhikari & Liu, 2009),
which is affected by many factors, including hormones (Hulas-Stasiak & Gawron, 2011). Numerous
studies have indicated that apoptosis of granulosa cells (GC) results in follicular atresia, while cumulative
evidence indicates that cell autophagy is involved in follicular atresia (Krysko et al., 2008; Liu et al., 2022;
Ma et al., 2019; Zheng et al., 2019). Hence, it is necessary to understand the destiny and regulatory
mechanism of granulosa cells to provide a new view of follicular ovulation or atresia.As two members of
the nuclear receptor superfamily, estrogen receptors (ERa and ERp) are ligand-dependent receptors and
respond to the presence of oestrogen (Korach, 1994). ERa and ERB are highly homologous in structure,
are distributed in different tissues and have different biological effects with ligand binding (Krege et al.,
1998). Both ERa and ERP are expressed in mammalian ovaries but localize to distinct cell types.
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Generally, ERa is expressed in the interstitium and theca cells, while ERB is only expressed in the
granulosa cells of growing follicles (Katherine et al., 2017). It has been confirmed that ERa knockout
female mice are infertile because they are anovulatory, have disruption in LH regulation and have uteri
that are insensitive to oestrogen. In contrast, ER knockout female mice are sub-fertile and primarily lack
efficient ovulatory function (Couse et al., 2000; Hewitt & Korach, 2003). Several studies have indicated
that autophagy is also triggered by ERPB through lysosome formation (Ruddy et al., 2014) [6]. For
instance, in Hodgkin's lymphoma cells, autophagy is induced by ERB-mediated autophagosome
formation and results in high expression of LC3-1l even when the lysis function of lysosomes is inhibited
(Pierdominici et al., 2017). In addition, as a selective agonist of ER, arctigenin has been shown to inhibit
autophagy in T-cell lines through the restriction of mMTORC1 expression (Yang et al., 2020). In castrated
male mice, the expression of autophagosome formation was upregulated by testosterone to activate
AMPKa, demonstrating that ERB induces autophagy (Pierdominici et al., 2017). In bovine, activin A
attenuates BGC apoptosis in atretic follicles by ERB-mediated autophagy signalling (Liu et al., 2022).
However, how ERP activates autophagy and signalling pathways remain unknown.In the ovary,
autophagy plays an important role during follicular development and constant expression of ATG7 was
observed in oocytogenesis stages as a key autophagy-related gene involved in autophagosome
formation (Zhou et al., 2019). Our previous study indicated that bovine ovarian granulosa cells (BGCs)
undergo autophagy, and VEGFA and FGF2 are a target of BGC autophagy that is inhibited by miR-21-3p
(Ma et al., 2019; Ma et al., 2020) [7, 8]. Nevertheless, it remains unknown whether ER is involved in
autophagy regulation in ovarian granulosa cells. In this study, we hypothesized that BGC autophagy is
regulated by ERp. To test this hypothesis, ERB small interference RNA (si-ERB) and ER[ overexpression
(oe-ERB) were transfected into BGCs, and the effects of ERB on BGC proliferation and autophagy were
determined

Materials and methods

Chemicals and reagents. All chemicals and reagents used in this study were purchased from
Sigma Chemical Co. (St. Louis, MO, USA) unless otherwise stated.

Granulosa cell isolation and culture.The isolation and culture of granulosa cells were described by
Jiang et al. (2013). Briefly, ovaries were collected from a local abattoir from dairy cattle aged 3-6 years,
irrespective of the stage of the oestrous cycle. The ovaries were transported to the laboratory at 30°C in
saline with penicillin (100 IU/ml) and streptomycin (100 mg/ml) within 2 h. The 2-to 6-mm follicles filled
with clear liquid were selected, and GCs with follicular fluid were aspirated from follicles using a 10-ml
syringe. At least 10 ovaries were collected to obtain enough GCs. A 150-mesh steel sieve was used to
filter the cell suspension, and the mixture was centrifuged at 1000 g for 5 min to remove the follicular fluid.
DMEM/F12 medium was used to resuspend the granulosa cell pellet, and the number of cells was
counted using Trypan blue dye exclusion. To culture the cells, a 24-well tissue culture plate was used to
seed the cells at a density of 5x105 viable cells in 1 ml of DMEM/ F12 including 10 mM sodium
bicarbonate, 4 ng/ml sodium selenite, 0.1%, W/V of bovine serum albumin (BSA), 100 U/ml of penicillin,
100 pg/ml streptomycin, 2.5 pg/ml transferrin, 1.1 mmol/L non- essential amino acid mix, 10 ng/ml bovine
insulin, 10-7 M androstenedione and 10 ng/ml bovine FSH (BIONICHE Inc. Ontario, Canada). Cultures
were maintained at 37°C in 5% CO2 and 95% air for 2 days. On day 2, the medium was replaced using
70% fresh medium in each well, and then, the treatments were applied [9,10].

Plasmid construction.Bovine specific ERB siRNA (si-ERB) and ERB overexpression (oe-ERp)
plasmids were synthesized by and purchased from RiboBio Company (Guangzhou, China). Sequences
were cloned into pcDNA3.1 (+) eukaryotic expression vectors.

Cell transfection and treatments.Lipofectamine™ 3,000 (Life Technologies) was used in this study
to transfect si-ERB or oe-ERB constructs into BGCs according to the manufacturer’s instructions.
Negative control (50 nM), ERB siRNA (si-ERB, 50 nM), overexpression ERB (oe-ER(, 50 nM) plasmids,
rapamycin (autophagy inducer, 10 nM) and 3-methyladenine (3-MA, autophagy inhibitor, 10 nM) were
applied to the cells on day 2 for 6 h at 37°C in 5% CO2 and 95% air, respectively, after which the medium
was replaced with fresh medium, and the cells were cultured for 42 h before they were harvested for the
next step of the experiment. The cell culture medium was stored at —-20°C for steroid hormone
determination.
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Assessment of cell proliferation. A MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl-2H-tetrazolium
bromide) kit was used to assess the proliferation of GCs according to the manufacturer's guidelines.
Briefly, after transfection for 6 h and another 42 h of culture, 20 yl MTT solution (5 mg/ml) was added to
the medium and mixed gently. The mixture of cells with MTT solution was then incubated for 4 h at 37°C
and 5% CO2. A microplate reader (BioTek, Winooski, VT, USA) was used to read the absorbance of
samples at 450 and 620 nm. The cell viability was calculated ac- cording to a standard curve, which was
prepared by culturing and measuring GC at different plating densities in quintuplicate (from 5x103 to
5x106/ml) for 4 h.

Analysis of steroid hormone production. The secretion of 17p-oestradiol (E2) and progesterone
(P4) in cultured granulosa cells was determined using specific ELISA kits (DIAsource, Louvain-laNeuve,
Belgium) according to the manufacturer's guidelines. Briefly, based on competition between free
hormone and hormone linked to an acetylcholinesterase, the im- munoassay was performed for a limited
number of antibody-binding sites. A spectrophotometer was used to determine the intensity of
acetylcholinesterase to determine the production of hormones. The inter- and intra-assay CVs averaged
15% and 10.5%, respectively, and the minimum detectable concentration were 5 pg/ml for E2 and 0.2
ng/ml for P4.

RNA extraction and real-time PCR. After transfection, the cell culture medium was removed and
TRIzol reagent was used to extract total RNA from BGCs. Total RNA concentration was measured by
absorbance at 260 nm. cDNA was synthesized from purified total RNA (1 pg) using 5% All-In-One RT
Master Mix (Abm, Richmond, BC, Canada). The ABI real-time PCR system (Applied Biosystems 7900)
was used to quantify gene expression using SYBR Green | PCR Master Mix in a 20-pul reaction volume.
To amplify each transcript, the thermal cycling parameters were as follows: 3 min at 95°C, 40 cycles of
15 s at 95°C, 30 s at 59°C and 30 s at 72°C. The housekeeping gene GAPDH was used for nor-
malization of the mRNA expression levels. The 2-Ct method was used to calculate the relative
expression of mRNA. All samples were run in triplicate. The specific primers for cattle quantitative real-
time PCR for the target genes are listed in Table 1.

Table 1 — Specific primer sequences of cattle target genes

Gene (5'-3") Forward (5'-3') Reverse ID
GADPH CACCCTCAAGATTGTCAGCA GGTCATAAGTCCCTCCACGA NM_001034034.2
ERB CTTCGTGGAGCTCAGCCTGT TCTCCACATCAGACCCACCA XM_027554293.1
ATG7 ATTGCTGCATCAAGAGACCCA CCTTCTGGCGATTATGGTCA XM_027523157.1
ATG3 GGTTGTTCGGCTATGATGAG GGGAGATGAGGGTGATTTTC XM _027519324.1
LC3 TTATCCGAGAGCAGCAGCATCC AGGCTTGATTAGCATTGAGC XM_027513856.1
P62 AGGACTGAAGGAAGCTGCAC GAGAGGGACTCAATCAGCCG XM_027548457.1
FSHR GCCCCTTGTCACAACTCTATGTC | GTTCCTCACCGTGAGGTAGATGT | NM_174061.1
BECN1 AGTTGAGAAAGGCGAGACAC GATGGAATAGGAACCACCAC NM_001033627.2
CYP19A1 GTGGACGTGTTGACCCTCAT GGCACTTTCATCCAAGGGGA NM_174305.1
HSD3B1 ACAATCTGACCGCATCGTCCT CCACTTGCACCAGTGTCTTG NM_174343.1
STAR GCCCAGAAACCTCAGCTCTTA AGCTTTCCTGCTCCTAAGCAA NM_174189.1

Western blotting. After treatment, RIPA buffer containing protease inhibitors was used to lyse the
cultured granulosa cells. The protein concentrations were determined by BCA assays (Pierce Inc., IL,
USA). The protein samples (20 pg) were resolved on 10% SDS-PAGE gels and electrophoretically
transferred to polyvinylidene difluoride (PVDF, Millipore) membranes using a Bio-Rad wet Blot Transfer
Cell apparatus (transfer buffer containing 20% methanol, 48 mM Tris-base, 39 mM glycine and 1% SDS,
pH 8.3). At room temperature, blocking buffer containing 5% BSA, 25 mM Tris, 150 mM NaCl, 2 mM KCI
and 0.05% Tween 20, pH 7.4 was used to block the membranes for 2 h, and then, the membranes were
incubated with primary antibodies against LC3 (anti-LC3l/l, # L8918, 1:2000; Abcam, UK), P62 (anti-P62,
# ab101266, 1:2000; Abcam), AKT (anti-AKT, # ab64148,

1:3000; Abcam), phospho-AKT (anti-pAKT, # ab8932, 1:3000;Abcam), mTOR (anti-mTOR,
#ab2372, 1:2000; Abcom), phosphomTOR (anti-pmTOR, 1:2000, #ab84400, phospho S2448; Abcom)
and B-actin (anti-B-actin, 1:5000; #4970, Cell Signalling Technology, USA) diluted in BSA blocking buffer
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at 4°C. Membranes were then incubated for 2 h at room temperature with 1:4,000 anti-rabbit HRP-
conjugated 1gG (LK2003, Sungene Biotechnology, Tianjin, China) diluted in QuickBlock™ Secondary
Antibody Dilution Buffer (Beyotime Biotechnology, China). Membranes were washed in blocking buffer,
and protein bands were revealed by enhanced chemiluminescence (ECL, Millipore, Billerica, USA).
Semi-quantitative analysis was per- formed using NIH ImageJ software.

Double staining with MDC and DAPI. MDC (monodansylcadaverine) has been used to stain
autophagosomes in vitro, and an autophagosome was labelled as a clear punctum by fluorescence
microscopy. In this experiment, BGCs were cultured in 12-well plates and transfected with si-ER[ or oe-
ERB, or treated with rapamycin or 3-MA on day 2 for 6 h. Then, the cells were grown with 0.05 mM MDC
and/or 1 pg/ml

DAPI (4'6-diamidino-2-phenylindole) at 37°C for 15 min and fixed immediately with
paraformaldehyde (4%) in PBS for 20 min. After washing three times with PBS, a fluorescence
microscope (Nikon company, Japan, excitation: 390 nm, emission: 460 nm) was used to visualize the
cells immediately. The percentage of cells with puncta in total cells showed the ratio of cell autophagy. A
total of 200 cells in each sample were counted.

Statistical analysisin this study, each experiment was performed in triplicate. GraphPad Prism 6
software (GraphPad Software, San Diego, CA, USA) was used for all statistical analyses. Independent t-
tests were used to evaluate the significance of the results between groups. ANOVA was used to test the
main effects among treatments, and culture replicates were included as a random variable in the F-test. If
the data were not normally distributed (Shapiro—Wilk test), they were transformed to logarithms. Data
were presented as the means + SEM.

Results

Effects of expression of ERB on proliferation and steroidogenesis in BGCs.To investigate the role of
ERB in BGC function, small interfering RNAs for ERP (si-ERB) and an ERB overexpression construct (oe-
ERp) were transfected into BGCs to determine the effects of level of ERB on cell proliferation and steroid
hormone production in BGCs. The effects of level of ERB on BGC proliferation were assessed using an
MTT kit in this experiment, and the results indicated that transfection of si-ERB promoted, while
transfection of oe-ER[ inhibited BGC proliferation (Figure 1a). We then measured the mRNA abundance
levels of FSHR, CYP19A1, HSD3B1 and STAR in cultured granulosa cells, which are involved in BGC
survival and function (Figure 1b). The results showed that si-ERB transfection upregulated FSHR,
CYP19A1, HSD3B1 and STAR mRNA abundance, and oe-ERp trans- fection downregulated CYP19A1,
HSD3B1 and STAR mRNA abun- dance; however, oe-ERp transfection did not change the FSHR mRNA
level. To study the effects of ERB on BGC function, E2 and P4 production levels in BGCs transfected with
si-ERB or oe-ERB were detected (Figure 1c). The results showed that si-ER[ transfection significantly
increased E2 production but did not change P4 production. The oe-ERB transfection significantly
decreased E2 production but increased P4 production. These data indicated that expression of ERf
regulates BGC proliferation and steroid hormone production.

Expression of ERB induces BGC autophagy.To study the role of ERB in BGC autophagy, si-ERB or
oe-ER[ was transfected into BGCs, MDC staining was used to label the autophagic vacuole, and gene
mRNA abundance and protein expression were evaluated in this experiment. BGC autophagy was
detected using a fluorescence microscope (Figure 2a), and the statistical results showed that the
percentage of autophagy was significantly lower in BGCs transfected with si-ERB and higher in BGCs
transfected with oe-ERB (Figure 2b). Quantitative real-time PCR was used to determine gene mRNA
abundance in BGCs following transfection with si-ERB or oe-ERpB, and LC3, BECN-1, ATG3, ATG7 and
P62 mRNA abundance levels are shown in Figure 2c. The LC3, BECN-1, ATG3 and ATG7 mRNA levels
were significantly downregulated in the cells transfected with si-ERB, while P62 mRNA levels were
upregulated; however, the mRNA levels of LC3, BECN-1, ATG3 and ATG7 were upregulated in the cells
transfected with oe-ERp, while P62 mRNA level was downregulated. Furthermore, Western blotting was
used to determine the LC3 and P62 protein levels (Figure 2d), and the results indicated that the
expression patterns were similar to the mRNA levels. LC3 protein level was decreased in BGCs
transfected with si-ERp, while it was increased in BGCs transfected with the oe-ERp plasmid. (Figure 2e).
that silencing or ERB knockdown rescues BGC autophagy induced by rapamycin.
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It has been confirmed that autophagy is induced by rapamycin (RAPA). To investigate the role of
ERPB knockdown in BGC autophagy, a rescue experiment was designed in which 10 nM RAPA and/or 10
nM si-ER[ was used to challenge cultured BGCs. Gene expression analysis revealed that the expression
levels of LC3, BECN, ATG3 and ATG7 mRNAs were significantly upregulated in BGCs by RAPA chal-
lenge, while those genes were downregulated by transfection with si-ERB. Meanwhile, in BGCs treated
with both RAPA and si-ER[3, the mRNA abundance levels of LC3, BECN, ATG3 and ATG7 were lower
than those of cells challenged with RAPA alone but higher than those of cells transfected with si-ERB
alone, in addition to the ATG3 gene (Figure 3a). The P62 mRNA abundance was significantly down-
regulated in BGCs in the single treatment and in both the RAPA and si-ERp treatments (Figure 3a). It is
likely that the protein levels of LC3 and P62 in BGCs treated with RAPA and/or transfected with si-ERf
had similar patterns as the mRNAs (Figure 3b). These results indicate that ERB knockdown rescues BGC
autophagy induced by rapamycin. ERB overexpression accelerates BGC autophagy inhibited by 3-methyladenine.
The 3-Methyladenine (3-MA) has been confirmed as an inhibitor of autophagy. To study the role of ERpB
overexpression in BGC autophagy, rescue experiments were designed in which 10 nM 3-MA and/or 10
nM oe-ERp were used to challenge cultured BGCs. The gene expression results showed that the mRNA
abundance levels of LC3, BECN, ATG3 and ATG7 were significantly upregulated in BGCs transfected
with oe-ERB, while those genes were downregulated by challenge with 3-MA. In addition, the mRNA
abundance levels of LC3, BECN, ATG3 and ATG7 were lower after treatment with both 3-MA and oe-
ERB than after single oe-ERp transfection, but higher than after 3-MA challenge (Figure 4a). P62 mRNA
abundance was significantly downregulated in BGCs transfected with oe-ERB but upregulated by 3-MA
challenge. However, the P62 mRNA level was higher after treatment with both 3-MA and oe-ERp than
after single oe-ER transfection but lower than that after 3-MA treatment (Figure 4a). In the same way,
the LC3 and P62 mRNAs and proteins had similar expression patterns (Figure 4b). These results
suggest that oe-ER accelerates BGC autophagy inhibited by 3-MA.
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Figure 1 — Effects of ERB on BGC proliferation and steroidogenesis
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BGC proliferation was measured by MTT kit (a), qRT-PCR was used to measure mRNA
abundance of FSHR, CYP19A1, HSD3B1 and STAR genes (b), and E2 and P4 concentration levels in
BGCs transfected with si-ERB or oe-ERP (c). NC means the negative control. Data are means + SEM of
three independent replicates (*p < .05). ERB overexpression inhibits AKT/mTOR signalling in BGCs. The
AKT/mTOR pathway has been confirmed as one of the impor- tant signalling pathways for autophagy
(Krege et al., 1998).

To determine whether expression of ERp regulates the AKT/mTOR pathway, phosphorylated AKT
(p-AKT) and mTOR (p-mTOR) were detected by western blotting in BGCs following transfection with si-
ERPB or oe-ER. As shown in the results, p-AKT expression was significantly higher in BGCs transfected
with si-ERP (Figure 5a), while it was significantly lower in BGCs transfected with oe-ERf than in negative
control.

The p-mTOR in the BGCs transfected with si-ERB and oe-ERB had a similar expression pattern
as p-AKT in the BGCs transfected with si-ERB and oe-ERB (Figure 5c, d). These data suggest that
overexpression of ERB inhibits the phosphorylation of AKT and mTOR in BGCs.

Discussion

It is well understood that follicular atresia is closely related to the apoptosis of granulosa cells;
however, granulosa cell autophagy has been confirmed in a previous study during follicular atresia Ma et
al., 2019. In rat granulosa cells, serum starvation induces the accumulation of autophagosomes, leading
to apoptosis activation by reducing Bcl-2 expression and resulting in caspase activation (Choi et al.,
2011).

In mice, autophagy of granulosa cells was induced by FSH, which is important to maintain
follicular atresia and granulosa cell proliferation (Shen et al.,, 2016). In porcine, the early induction of
autophagic flux contributes to oxidative stressinduced apoptosis in granulosa cells (Zhang et al., 2021).
Moreover, autophagy of granulosa cells is suppressed by activation of the mTOR signalling pathway
mediated by AKT during follicular atresia (Zhang et al., 2019). In our laboratory, a previous study
indicated that BGC autophagy is involved in follicular atresia (Ma et al., 2019; Zheng et al., 2019).
Although studies have elucidated the function of GC autophagy in follicular atresia and ovarian primordial
follicular reserves (Song et al., 2015), the regulatory mechanism of autophagy in GC is indistinct. In the
present study, we demonstrate that (a) ERB inhibits BGC proliferation and (b) ERB induces BGC
autophagy by decreasing AKT/mTOR phosphorylation. Together, the current results demonstrate that
ERPB plays an important role in BGC autophagy.

As a nuclear estrogen receptor, ERp is highly expressed in mammalian ovaries but is limited
to granulosa cells (Katherine et al., 2017). A previous study in ERB knockout mice treated with
pregnant mare serum gonadotropin (PMSG) demonstrated that ERB plays an important role in FSH-
mediated GC differentiation and maturation of the whole follicle (Deroo & Korach, 2006).

In addition, estrogen receptor B-null (BERKO) mice exhibit subfertility, and BERKO female mice
treated by super ovulation exhibited a significantly lower percentage of ovulations and trapped oocyte
follicles (Hsieh et al., 2015). In this study, BGCs were treated with si-ERB and oe-ERp, and the mRNA
levels and production of E2 and P4 indicated that ERB inhibits BGC proliferation and regulates steroid
hormone production.

As a form of programmed cell death, autophagy is involved in the regulation of intracellular
homeostasis (Doherty&Baehrecke, 2018).

The autophagy was labelled by MDC in BGCs transfected with si-ERB or oe-ERp, bars = 10 ym
(a), the statistical results of percentage of autophagic BGCs (b), gene expression of LC3, BECN-1, ATG3,
ATG7 and P62 in BGCs transfected with si-ER or oe-ER (c), protein expression levels of LC3 and P62
in BGCs transfected with si-ERB or oe-ERp (d), and the statistical results were shown in (e). NC means
the negative control. Data are means + SEM of three independent replicates (*p < .05, **p <.01).
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Figure 2 - ERp induces BGC autophagy

Conclusion
In conclusion, the results above show for the first time that expres- sion of ERB inhibits BGC
proliferation and contributes to BGC autophagy by attenuating PI3BK/AKT/mTOR signalling. These

findings further our understanding of the mechanisms of follicular develop-ment and atresia in cattle
ovaries.
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MHOYKUUA AYTODATMUU B FrPAHYNE3HbIX KNETKAX AUYHUKA
KPYMHOIO POFATOINO CKOTA NPU 3KCMNPECCUN PELIENTOPA 3CTPOIEHA B (ERB)
YEPE3 CUIHAJbHbIW MYTb AKT/MTOR

Lenb Haweeo uccrnedosaHusi 3akmtoyanacb 8 U3yYeHUU Mmoeo, enusem U CHUWXeHue unu
ceepxakcripeccusi peuenmopa acmpozeHa 3 (ERB) Ha nponughepauuto Kiemok, cmepoudoceHes,
aymogbazauro U cugHarbHble Mymu 8 epaHyné3sHbIX Kremkax su4HUKa KpyrnHo20 po2amozo ckoma in Vvitro.
B OaHHOM uccnedoeaHuu epaHynésHble Kemku sSU4YHUKa KpyrnHo2o poaamozo ckoma (IKKPC)
Kynbmueuposasiu u mpaHcguyuposanu ¢ ucrnonbdosaHuem SiRNA dns ERB (si-ERB) unu nnasmudel ¢
ceepxakcrnpeccuel ERB (oe-ERP). [Ana oueHku nponughepayuu Kinemok ucronb3osanu Habop CCK-8.
KonuyecmeeHnHasi T1LIP 8 peanbHOM 8peMeHU rnpuMeHsisiacb O U3MEePEHUS] YPOBHS MmpaHCKpunuuu
eeHos. 3kcripeccuro bernkos onpedensanu memodom eecmepH-bsiommuHaa, a Ons OUEHKU rpodyKuuu
cmepoudHbIX 20PMOHO8 UCMOMb308asU crieyuanu3duposaHHbili Habop. Pe3ynbmamel rokasasnu, 4mo
yposeHb akcrnpeccuu ERB enusem Ha nponugepauyuro FKKPC, umo nodmeepxxGaemcsi U3MEeHEHUSIMU
yposHel mpaHckpunyuu eeHoe FSHR, CYP19A1, HSD3B1 u STAR, a makxe npodykuyueti acmpaduona
(E2) u npozecmepoHa (P4). ERB 6bin udeHmuguuuposaH Kak eaxHbil S0epHbIl peuernmop,
UHOyyupyrwut aymogpacuto KKPC Ha ocHosaHuu yposHel MPHK u 6enkos, ces3aHHbIX C
aymodgbazuel. [ononHumensHo pone ERB e aymoghazuu NKKPC 6bina nodmeepxdeHa obpabomkol
knemok panamuyuHom (RAPA) unu 3-memunadeHuHom (3-MA) npu conymcemeyroweti mpaHcgheKkyuu ¢
Si-ERB unu oe-ERQB. HaHHbie no cueHanbHomy riymu AKT/mTOR u yposHK e20 ¢hocghopurnuposaHus
ceudemernscmayrom, ymo ERB uHOyuyupyem aymogpacuto KKPC nymem nodaeneHusi cueHarbHO20
nymu AKT/mTOR. B 3aknrodeHue, Hacmosiuwee uccrnedogaHue GeMOHCMpUPyem, 4mo CHUXeHUe usu
ceepxakcnpeccusi ERB peaynupyrom nponugepavyuro u ¢pyHkyuto NKKPC u uHOyyupyrom aymogpazuro
3a cyem eo030elicmeus Ha cuzHarnbHbll nymb AKT/mTOR. lNonyyeHHbie 0aHHble packpbiearom HO8bIU
MexaHu3M pezaynauuu aymocgpazuu rnocpedcmeom ERB u npedocmasrnsiom Hoeble rpedcmassieHuUss o
ponu aymogbazauu 8 epaHyné3sHbIX Kremkax udHUKa.

Knrouyeeble cnoea: KpynHbili poeambili ckom, aubesnb KIemok, peuenmop acmpozeHa P,
passumue siudHUKa, cueHaribHas mpaHCOYKUUSI.
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SCTPOrEH PELENTOPDLI B (ERB) 3KCIMPECCUACDHI APKblJlbl AKT/MTOR CUTHATIAbIK XOJbl
HETI3IHAE IPI KAPA MAJT AHATbIK BE3IHIH TPAHYJE3A XACYLWWAJAPbIHOA
AYTODATUAHBIH UHAYKLUACHI

3epmmeyimizdiH Makcambl — acmMpo2eHHiH B peuenmopsbiHbiH (ERB) memeHOeyi Hemece xofapbi
9KCMPECCUSICbIHbIH ~ CUbIP  08apUIiHIH  epaHynsprblK  xacywarnapblHblH  [ponugepayusicbiHa,
cmepoudozeHesiHe, aymoghaausiCbiHa XoHe cuzsHarnoblK xondapbiHa ocepiH 3epmmey 6050kbl.
3epmmeyde cubip oeapuiHiH epaHynapnbiK xacywanapbsl (COMXK) in vitro xardatda ecipinin, ERB-2e
Kapcbl SiRNA (si-ERB) Hemece ERB-HIH ofapbl 3KcripeccusicbiH myObipambiH riiasmudanapmeH (oe-
ERB) mpaHcgekuusnaHObl. XXacywanapObiH nposugepauusicbiH aHbikmay yuwiH CCK-8 xuHarbi
KondaHblndbl. [eH mpaHCKpunuuscbiHbIH 0eHaeliH aHbIKmay YWwiH caHObIK Hakmbl yakbimmarbi TP
KondaHbindbl. benokmapdbiH 3KcrpeccusicbiH eecmepH-bsiom adiciveH 6aranadsl, an cmepoud
20pMOHOapbIHbIH ©6HOIpiciH apHalbl xuHakrneH enuwedi. Homuxenep ERB akcnipeccusicbiHbiH OeHeeli
epaHynapbIK xacywanapdbiH nponugpepayusiceiHa acep ememiriH kepcemmi, 6yn FSHR, CYP19A1,
HSD3B1 xeHe STAR zeHOepiHiH mpaHcKpunuyus OeHaeliHiH e3zepicmepiMmeH, coHOal-aK acmpaduorn
(E2) xeHe npoececmepoH (P4) eHdipiciveH pacmandel. ERB-2paHynspnbik xacyuwanapdarbi
aymocgbazusiHbl  UHOyKkyusinaimelH MaHbi30bl  S0porblK  peuenmop pemiHOe aHbikmandbel, ©6yn
aymocghbazusira Kambicmbl MPHK xeHe 6enokmapdsiH deHeelnepiHe HezizdenzeH. CoOHbIMEH Kamap,
ERB-HbIH epaHynsprnbiK xacywanapOarbl aymocghacusiOarel pesi panamuuuH (RAPA) Hewmece 3-
memunadeHuH (3-MA) eHOeynepi kesiHOe sSi-ERB Hemece oe-ERB mpaHcekuusiceimeH bipae
pacmandbl. AKT/mTOR cuzHanobiKk Xonbl MeH OHbIH ¢hocchopriaHy OeHeeli 6olbiHWa arblHFaH
manimemmep ERB epaHynspnsiKk xacywanapdarbl aymoghazusiHbl AKT/mTOR XXOnbIHbIH mexernyi
apkbinbl UHOyKyusnalumbeiHbIH kepcemmi. KopbimbeiHObinal kene, 6y sepmmey ERB memeHOeyi Hemece
JKOFapbl 9KCIMPECCUSICbIHbIH 2paHynapsbIK xacywanapodbiH nposugepauyusicbl MeH hyHKUUSICbIH pemmert,
aymogbazusiHbl AKT/mTOR cuzHarnObiK X0sbl apKbiribl UHOyyUpelimiHiH kepcemmi. AnbiHFaH depekmep
ERB apkbinbl  aymoghacusiHbl  pemmeyOiH XaHa MexaHU3MIH awbif, oeapu  2paHynspribiK
JKacywanapbsiHOarbl aymodghbaausiHbIH persli myparibi XaHa myciHik 6epoi.

Kinm ce30dep: cubip, xacywa enimi, acmpozeH 3 peuenmopsl, o8apu 0amybl, CU2HanoblK
mpaHcOyKyUS.
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