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EXPRESSION OF ER(3 INDUCES BOVINE OVARIAN GRANULOSA CELL AUTOPHAGY VIA THE
AKT/MTOR PATHWAY

Abstract: The aim of our study was to determine whether silencing or overexpression of es- trogen
receptor 8 (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-ERB) or a plasmid overexpressing ERf3 (oe-ERf), and CCK-8 kit was used
to assess cell pro- liferation. 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. The results showed the expression level of ERB af- fects BGC proliferation according to the
gene transcription levels of FSHR, CYP19A1, HSD3B1 and STAR and the production of E2 and P4. ERS
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. 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 ERf3 and provide insights into the role of au- tophagy in BGCs.
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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 ER[ are expressed in mammalian ovaries but localize to distinct cell types. 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, ERB 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 ER through lysosome formation (Ruddy et al., 2014). For instance, in Hodgkin’s lymphoma
cells, autophagy is induced by ERB-mediated autophagosome formation and results in high expression of
LC3-Il even when the lysis function of lysosomes is inhibited (Pierdominici et al., 2017). In addition, as a
selective agonist of ERp, arctigenin has been shown to inhibit autophagy in T-cell lines through the
restriction of mTORC1 expression (Yang et al.,, 2020). In castrated male mice, the expression of
autophagosome formation was upregulated by testosterone to activate AMPKa, demonstrating that ER[3
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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). Nevertheless, it remains
unknown whether ERp is involved in autophagy regulation in ovarian granulosa cells. In this study, we
hypothesized that BGC autophagy is regulated by ERB. To test this hypothesis, ERB small interference
RNA (si-ERB) and ER overexpression (oe-ERB) were transfected into BGCs, and the effects of ER 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
sa- line 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 5 x 105 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 androsten- edione 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.

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 pcDNAS3.1 (+) eu- karyotic expression vectors.

Cell transfection and treatments.Lipofectamine™ 3,000 (Life Technologies) was used in this study
to transfect si-ERp or oe-ER constructs into BGCs according to the manufacturer’s instructions. Negative
control (50 nM), ERB siRNA (si-ERB, 50 nM), overexpression ER[ (oe-ERfB, 50 nM) plasmids, ra- pamycin
(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.

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 pyl MTT solution (5 mg/ml) was added to the medium
and mixed gently. The mixture of cells with MTT solu- tion 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 5 x 103 to 5 x 106/ml) for 4 h.

Analysis of steroid hormone production. The secretion of 173-oestradiol (E2) and progesterone (P4)
in cul- tured granulosa cells was determined using specific ELISA kits (DIAsource, Louvain-laNeuve,
Belgium) according to the manu- facturer’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
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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 con- centration was measured by
absorbance at 260 nm. cDNA was synthesized from purified total RNA (1 pg) using 5x All-In-One RT
Master Mix (Abm, Richmond, BC, Canada). The ABI real-time PCR system (Applied Biosystems 7900)
was used to quantify gene ex- pression using SYBR Green | PCR Master Mix in a 20-ul 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-AACt method was used to calculate the relative expression of mMRNA.
All samples were run in triplicate. The specific primers for cattle quantitative real-time PCR for the target
genes are listed in Table 1.

Western blotting. After treatment, RIPA buffer containing protease inhibitors was used to lyse the
cultured granulosa cells. The protein concentra- tions 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 appa- ratus (transfer buffer containing 20% methanol, 48 mM Tris-base, 39 mM glycine and 1% SDS,
pH 8.3). At room temperature, block- ing 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 anti- bodies against LC3 (anti-LC3l/Il, # 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), phospho- mTOR (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
at 4°C. Membranes were then incubated for 2 h at room temperature with 1:4,000 anti-rabbit HRP-
conjugated IgG (LK2003, Sungene Biotechnology, Tianjin, China) di- luted 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 Imaged 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

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
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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 ERB (si-ERB) and an ERB overexpression construct (oe-
ERB) 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 transfec- tion 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-ER[B transfection upregulated FSHR,
CYP19A1, HSD3B1 and STAR mRNA abundance, and oe-ERp trans- fection downregulated CYP19A1,
HSD3B1 and STAR mRNA abun- dance; however, oe-ERf 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 produc- tion. The oe-ERp 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 ERp induces BGC autophagy.To study the role of ERB in BGC autophagy, si-ERp or oe-
ERB 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-ER[
(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, ATG3and ATG7 mRNA levels were significantly downregulated
in the cells transfected with si-ERf, 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-ERf, 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-ER[B, while it was increased in BGCs
transfected with the oe- ER[ plasmid. Conversely, the p62 protein level was increased in BGCs transfected
with si-ERB but was decreased in BGCs transfected with oe-ERB (Figure 2e). Together, these results
indicate  that  silencing or  overexpression of ERB induces BGC  autophagy.
ERB knockdown rescues BGC autophagy induced by rapamycin. It has been confirmed that autophagy
is induced by rapamycin (RAPA). To investigate the role of ERB knockdown in BGC autophagy, a rescue
experiment was designed in which 10 nM RAPA and/or 10 nM si-ERB 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, 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-ER alone, in addition to the ATG3 gene
(Figure 3a). The P62 mRNA abundance was significantly down- regulated in BGCs in the single treatment
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and in both the RAPA and si-ER treatments (Figure 3a). It is likely that the protein levels of LC3 and P62
in BGCs treated with RAPA and/or transfected with si-ERB had similar patterns as the mRNAs (Figure 3b).
These results indicate that ERB knockdown rescues BGC autophagy induced by rapamycin. ERP
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 ERB overexpression in BGC au- tophagy,
rescue experiments were designed in which 10 nM 3-MA and/or 10 nM oe-ERB 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-ER, 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-ERp 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-ERp but upregulated by 3-MA challenge. However, the P62 mRNA level was
higher after treatment with both 3-MA and oe-ER than after sin- gle oe-ERp 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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FIGRE - 1 Effects of ERB on BGC proliferation and steroidogenesis. 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-ERf or oe-ERf (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 deter- mine
whether expression of ERB regulates the AKT/mTOR pathway, phosphorylated AKT (p-AKT) and mTOR
(p-mTOR) were detected by western blotting in BGCs following transfection with si-ERB or oe-ERpB. As
shown in the results, p-AKT expression was significantly higher in BGCs transfected with si-ERB (Figure
5a), while it was sig- nificantly lower in BGCs transfected with oe-ERf than in negative control (Figure Sb).
The p-mTOR in the BGCs transfected with si-ERB and oe-ER[ had a similar expression pattern as p-AKT
in the BGCs transfected with si-ER and oe-ER (Figure 5c, d). These data sug- gest that overexpression
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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 stress- induced 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) ERp inhibits BGC proliferation and (b) ERB induces BGC autophagy by decreasing
AKT/mTOR phosphorylation. Together, the current results demonstrate that ERB 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 addi- tion,
estrogen receptor B-null (BERKO) mice exhibit subfertility, and BERKO female mice treated by super
ovulation exhibited a signifi- cantly lower percentage of ovulations and trapped oocyte follicles (Hsieh et
al., 2015). In this study, BGCs were treated with si-ER and oe-ER[, and the mRNA levels and production
of E2 and P4 indicated that ERp inhibits BGC proliferation and regulates steroid hormone production.

As a form of programmed cell death, autophagy is involved in the regulation of intracellular
homeostaS|S(Doherty&Baehrecke 2018). .
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FIGURE-2 ERB induces BGC autophagy. The autophagy was labelled by MDC in BGCs transfected

with si-ERP or oe-ERp, bars = 10 um (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-ER[ 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)

Conclusion.
In conclusion, the results above show for the first time that expres- sion of ERB inhibits BGC

proliferation and contributes to BGC au- tophagy by attenuating PI3K/AKT/mTOR signalling. These
findings further our understanding of the mechanisms of follicular develop- ment and atresia in cattle
ovaries.
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UxyHnsaH Lizan™

' Konneax >XMBOTHOBOACTBA U TexHomnormn, Kniouesasi nabopatopus reHeTuKKn, CENEKLNN n
BOCMNPON3BOACTBA XMBOTHbIX NpoBuHUMK LLIsHbeKn, CeBepo-3anagHbivi arpapHbIA YHUBEPCUTET, T.
AHrnuH, nposmHuma LWaHbeK, 712100, Kutan.
jiangzhongliang@nwsuaf.edu.cn

BbIPAXXEHME ERB UHOYUUPYET ABTO®ATUIKO MTPAHYNE3HbIX KNETOK AUYHUKA KPC YEPE3
nyYTb AKT/MTOR

Lenb Haweeo uccrnedosaHus 3ak/toyanacb 8 U3yYeHUU Mmoeo, efusem U CHUWXeHue unu
ceepxakcripeccusi peuernimopa acmpozeHa [ (ERB) Ha nponughepayuro Kriemok, cmepoudozeHes,
aymogbazauro U cugHarbHble Mymu 8 epaHyné3sHbIX KIemkax ssu4HUKa KpyrnHo20 po2amozo ckoma in Vvitro.
B OdaHHOM uccnedogaHuu epaHynésHble Kemku sSUYHUKa KpyrnHo2o poz2amoeo ckoma (IKKPC)
Kynbmueuposasiu U mpaHcguyuposanu ¢ ucronbdogaHuem siRNA dns ERB (si-ERB) unu nnasmudsi ¢
ceepxakcrnipeccueli ERB (oe-ERB). [nsa oueHku nponughepayuu Knemok ucrnons3oeasnu Habop CCK-8.
KonudecmeeHHasi TP e peanbHOM 8peMeHU rpuMeHsisiacb Ol U3MEepPEeHUsl YPOBHS MmpaHCKpunuuu
e2eHos. 3kcripeccuro bernikos onpedensanu memodom eecmepH-bsiommuHaa, a Ons OUEHKU rnpodyKuuu
CmMepoudHbIX 20PMOHO8 UCIM0/b308asU crieyuanu3uposaHHsiti Habop. Pe3ynbmamesl nokasasnu, 4mo
yposeHb akcripeccuu ERB enusiem Ha nponugpepayuto NKKPC, umo nodmeepxdaemcs U3MeHeHUsIMU
yposHel mpaHckpunyuu 2eHoe FSHR, CYP19A1, HSD3B1 u STAR, a makxe npodykyuel acmpaduona
(E2) u npozecmepoHa (P4). ERB 6bin udeHmugbuyuposaH KaK 8axHbll s0epHbIU peuernmop,
uHOyyupyrowut aymogpacuto NKKPC Ha ocHosaHuu yposHel MPHK u 6erikos, ces3aHHbIX ¢ aymoghacuedl.
HononHumenbHo ponb ERB 6 aymogpacuu KKPC 6bina nodmeepxdeHa o06pabomkol Knemok
panamuyuHom (RAPA) unu 3-memunadeHuHom (3-MA) npu conymcemeyrowel mpaHcgekyuu ¢ si-ER(
unu oe-ERB. [aHHbie no cuzHanbHoMmy nymu AKT/mTOR u yposH €20 ¢bocghopurnupogaHusi
ceudemernbcmeytom, ymo ERB uHdyyupyem aymocgbacuto FKKPC nymem nodaeneHusi cugHaibHO20 rnymu
AKT/mTOR. B 3aknwoyeHue, Hacmosuee uccriedogaHue JAeMOoHCmpupyem, 4YmoO CHUXeHue unu
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ceepxakcripeccuss ERB peaynupyrom nponugepavuro u pyHkyuro NKKPC u uHlyyupyrom aymocghazuio 3a
cyem ego3delicmeusi Ha cuzHanbHbll nymb AKT/mTOR. [llonydeHHble daHHblE packKpbi8arom HO8bIU
MexaHu3M peaynsauuu aymocgpazuu rnocpedcmeom ERB u npedocmasrnsiom Hoeble rpedcmassieHus1 o
pornu aymoghazguu 8 epaHyné3HbixX Krnemkax ssudHuka.

Knroyeenle crioea: KpyrnHbil pozamebili ckom, aubenb KIemok, peuenmop ascmpozeHa f,
passumue siudHUKa, cueHaslbHas mpaHCOYKUUSI.

YxkyHnsaH L3aH'™

' Man wapyallblfblfbl XXaHe TexHonorunanap konneaxi, LLaHeCcn NpoBUHLMACKIHLIH, Man reHeTUKachl,
CeneKUUSChI XXaHe penpoayKUmMsiChl Herisri 3epTxaHachl, ConTycTik-6aTbic ArpapnblK YHUBEPCUTETI,
AdrnuH kanacel, WaHbcu npoBuHUuAckl, 712100, KeiTai.
jiangzhongliang@nwsuaf.edu.cn

ERB SKCMNPECCUACHI AKT/MTOR XOJlbl APKblJ1bl IPI KAPA AHANbIK BE3 MPAHYJIO3A
XACYWACbIHbIH AYTO®AINACBIH UHAYKUUANAUADbI.

3epTTeyimisgiH, MakcaTbl - 9CTporeHHiH [ peuenTtopbliHbiH (ERB) TemeHaeyi Hemece ofFapbl
9KCMPECCUACBIHbIH,  CUMbIP  OBapuiHiH  rpaHynsapnblK  KacywanapbiHblH — NponudgepaumsacoiHa,
cTepongoreHesiHe, aytodarnsicbiHa XaHe CurHangpblk >kongapblHa acepiH 3epTTey 6onabl. 3epTreyae
CUbIp OBapuiHiH, rpanynsapnblk xacywanapsl (COIMXK) in vitro »xarganga ecipinin, ERB-re kapcbl siRNA (si-
ERB) Hemece ERB-HIH >KofFapbl 9KCMpeccusicblH  TyablpaTblH  nnasmuganapmeH  (oe-ERP)
TpaHcekumnsinangpl. XKacywanapabli nponudepaumnscbiH aHbiktay ywiH CCK-8 uHafbl KongaHbabl.
[eH TpaHCKpUNUMACBIHBIH AeHremiH aHblkTay YLWiH caHablk HakTbl yakpiTTarbl TP kongaHbingbl.
BenokrapablH 9KCNpeccusiCbliH BECTEPH-0NOT aaiciMeH Garanaabl, an ctepouna ropMoHAapPbIHbIH OHAIPICIH
apHavbl XunHakneH enwepi. Hotwkenep ERB akcnpeccuacbiHbIH AeHreni rpaHynsprbIK XacylwanapabiH
nponmgepaumaceiHa acep eTeTiHiH kepceTTi, 6yn FSHR, CYP19A1, HSD3B1 xeHe STAR reHaepiHiH
TpaHCKpMNUUS  OeHreniHiH, e3repictepimeH, coHaan-ak actpaguon (E2) xeHe nporectepoH (P4)
eHgipiciveH pactangbl. ERB-rpaHynapnbik xacywanapgarbl aytodarnsHbl MHAYKUMANanTbIH MaHpbl3abl
A0PONbIK peuenTop peTiHAe adblkTanabl, 6yn ayrtodarmara katbicTel MPHK >xeHe 6enoktapabiH
OeHrennepide HerisgenreH. CoHbiMeH kaTap, ERB-HbIH rpaHynapnbik xacywanapgarbl aytodarnsaarbl
peni panamuunH (RAPA) Hemece 3-metunagenuH (3-MA) enaeynepi kesiHge si-ERB Hemece oe-ERP
TpaHcdekumsicbimeH Gipre pactangbl. AKT/mTOR curHangblk »onbl MEH OHbIH dhocdopnaHny AeHreni
OovibliHWa anbiHFaH manimeTTep ERB rpaHynspnbik xacywanapgarsl aytodarnsaHbl AKT/mTOR »KonbIHbIH,
TeXenyi apkbinbl MHAYKUMANANTLIHBIH KepceTTi. KopbiThiHabINan kene, oyn 3epttey ERB TtemeHaeyi
Hemece >Xofapbl 3KCMPECCUSCBIHbIH, FPaHyNsapnbIK XacylwanapablH nponudepaumsacsl MeH PYyHKUMACHIH
petTten, aytodarnaHbl AKT/mTOR curHangblk >KOfbl apKblibl UHOYUMPNENTIHIH KepceTTi. AnblHFaH
nepektep ERB apkbiibl aytodarvsHbl peTTeydiH, KaHa MexaHu3MiH allbin, OBapwu rpaHynsprbikK
XacylwanapbliHAaFbl ayTodarnsaHbiH, peni Typanbl XaHa TyCiHik 6epai.

TyliHdi ce30ep: cublip, xacywa erimi, 3cmpoeeH 3 peuenmopsl, o8apu 0amybl, cueHanoblK
mpaHcOyKUUs.
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CPABHUTEJIbHbIA AHANN3 HAYATNbHbIX 3TANOB POCTA COPTOB KAPTO®ENNSA XS1, XS4,
XS5 U FANA B 3ACYLLITUBOM KITMUMATE ABAUCKOW OBNACTU

AHHOmauyus: B daHHoU cmambe nposedeHa cpasHUMernbHasi OueHKa rnokasamesel ecxoxecmu
copmoe kapmocgpernss XS1, XS4, XS5 (Kumati) u omeyecmeeHHO20 copma [ana 8 ycriosusix 3acyunueou
rnoyeb! Abatickol obrnacmu. VccnedosaHue rpoeodusiock 8 eeceHHuUll nepuod 2025 e2oda, 8 pamkax
KOmopoz20o orpedesisiuch MPOYEHM 8CXOXeCmuU CeMeHHbIX KiybHel, CpoKu npopacmaHusi U cpeoHsis
8bicoma HayarsibHbIx nobezos. CoanacHo nony4YeHHbIM pe3yribmamam, copm [rana npodemoHcmpuposar
Hausbicuwyto ecxoxecmsb (91%) u uHmeHcusHbIU HadyarnbHbIU pocm. Copm XS4 makxe noka3arsn xopowue
adanmauuoHHbie criocobHocmu (86%). B mo xe epems copma XS1 u XS5 nokasanu omHOCUMEbHO
Hu3kue nrnokasamenu. [lo pesynsmamam uccnedo8aHuUsi yCmMaHOB/IEHO, YMO 8 3acywsiuebixX
Knumamud4eckux ycrosusix Abalckou obnacmu Haubonee aghgbekmusHbIMU senstomesi copma [ana u
X84.

Kapmodpene sensemcsi 00HoU u3 eaxHeluwux npodo8oribCMBEHHbIX Kyfbmyp, WUPOKO
ebipauwjusaembix 8 KazaxcmaHe. B ces3u ¢ pa3Hoobpasuem azpokiuMamuyYyeckux ycrioguli 8 pasHbIX
peauoHax cmpaHbl, CrlocobHOCMb copmoe K adanmauuu U UX BCXOXecmb Mo2ym 3HayumesibHO
pasnuyamscs. B nocnedHue 200kl cpedu omedecmeeHHbIX copmos HaubonbWuM CripocoM Mosib3yemcs
copm [ana, KOmopbIlU akKmueHO NMPUMEHsIemcs 8 Xxo3slticmeax.

Abalickasi obriacmb xapakmepu3yemcsi KOHMUHEeHMarbHbIM, 3acyWiuebiM KIUuMamom ¢ MasbiM
KonuyecmeomMm ocadkos, 0CObeHHO 8 rnemHull nepuod, koeda Habrrodaemcs Oecbuyum enaau. dmu
KrumMamu4eckue 0CcobeHHOCMU CyWeCcmeeHHO 6/1USItoM Ha 6CX0XeCmb CEeMEeHHO20 Kapmogens u
CKOpOCMb Ha4YasilbHO20 pocma pacmeHul. Hacmosiwas cmambsi HanpassieHa Ha CpasHUMeIbHyH OUEHKY
YPOBHSI 8CXOXXECMU yKa3aHHbIX COPMO8 8 yCri08uUsX 3acywinueol no4yesi Abatickol obsiacmu.

Memoduka npoeedeHusi Hay4HbIX uccredosaHuli paspabomaHa e compydHu4decmge ¢ Cegsepo-
3analHbIM yHUBEpCUMEMOM CeflbCKO20 U f1eCHO20 xosslcmea Kumas, 8 pamkax npodormKkaroueaocs
usdy4eHusi criocobHocmu adanmayuu 06pa3yo8 nuweHUUbl K [pupOOHO-KIUMamu4yeCcKUM YCrio8usiM
peauoHa.

B uernom, nony4yeHHble pe3yrbmamsl 6y0ym ucrionb308aHbl 8 darnbHeluwux uccredosaHusix Ons
6osiee nonHo20 U 06bLEKMUBHO20 aHau3a u3y4aemMo20 Mamepuarna.

Knroyeenlie cnoea: kapmodgbenb, copm, heHonoaudeckuli aHanus, adanmauus, ro4yea,
8CXOXECMb.
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