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Impact of Autophagy Process Induced by Cigarette

Smoke on Follicle Development

Wu Chunli'?, Wang Xuemei', Yu Yi', Gao Ying', Ma Qianyun', Xu Ying'*
(‘"Medical College of Jiaxing University, Jiaxing 314001, China; *Medical College of Ningbo University, Ningbo 315211, China)

Abstract Cigarette smoking (CS) is harmful life style. Approximately 250 million women worldwide are
daily smokers. Regrettably, most women remain unaware of the adverse effects of cigarette smoking on fertility
and ovarian function. Cigarette smoke exposure can decrease the number of primordial and growth follicle, deplete
ovarian follicle reserve, impair ovarian function, descend female fertility and advance menopause. Cigarette smoke
exposure can induce autophagy. Instead with autophagy is a key reason of follicle loss induced by cigarette smoke.
Autophagy is considered as a potential therapeutic target for CS-related premature ovarian failure.
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B 5 8 73 B B, o v AN 6 5 0 J5it B 7,
M B X JZ B 1) E AR, E I 44 (autophosome)
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Bel-2 2 [ A BLAE L, AT 45 B G 1. ATG14
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Wi GBI R T R ). EW A S R b, ATG14
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41 55 (mammalian target of rapamycin, mTOR)Z> #4111
i, (2 A 1 Wk VO Tl TR i 3 4K 2R 1 B (adenine
monophosphate activated protein kinase, AMPK)#1 5
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HEM N BN, AR, WA R SR EH
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Table 1 Ovarian autophagy genes significantly altered by cigarette smoke exposure (modified from reference [28])

S Iilz/;:igim e E e
Gene Role in autophagy
graduate (1/])
Arsa 1 Lysosomal arylsulfatase
Atg4b | Cysteine protease ATG4B, cleaves LC3 precursor to LC3-1
Atg7 1 Enzyme essential for binding of other Atg proteins
Bad 1 Competes with Beclin 1 for binding site on Bcl-2 proteins
Bakl 1 Bcl-2 interacting protein
Cdknlb il Coregulator of autophagy and the cell cycle
Ctsb l Lysosomal cysteine protease, vesicle trafficking
Ctss | Lysosomal cysteine protease
Cxcrd i Ligand binding to CXCR4 can initiate autophagy
Hsp90abl | A negative regulator of autophagy
Maplic3a 1 Autophagic vacuole formation, organelle sequestration within autophagosome
Pik3c3 i Binds to Beclin-1, essential in autophagosome formation
Pik3rd l Regulator of autophagy in response to alternate intracellular signals
Rab24 il GTPase participated in vesicular transport
Sgstml il Binds to LC3 to deliver ubiquitinated protein aggregates to autophagosome; eliminate damaged mitochondria
Tgm?2 ! Enzyme participated in autophagolysosome maturation
Gapdh 1 Increases mitochondrial autophagy

Arsa: 75 SERTRBRREAFE K, Atgdb: HWEAHIIENAB; Atg7: HVEARFENT; Bad: 11T AHI<FE K Bad; Bakl: 11 FH I FE K Bak1; Cdknlb: 41 A0JE HA
AR PN 1bZE [l Crsh: IR AREBILR; Crss: VR ARESIEAL Cxerd: FL T ZAR4ZE K, Hsp90ab11: IR 58 8 F190ab1 FE A ;
Mapllc3a: FEMRE A VR R Pik3c3: BEIREEUIRE-3- 0 AL 0 A3 5L R Pik3r4: BT IULRE-3-I80Mt 4 9 2 L4 HE ] Rab24: St
Rasf AR — I/ NGTPRE; Sqstmi: XHrp62(iZ 45 6 8 Hp62); Tem2: 125t i R BE2FE R ; Gapdh: il B -3- TR it SR HE 1) o

Arsa: arylsulfatase; Atg4b: autophagy related gene 4 homolog B; A7g7: autophagy related gene 7; Bad: BCL2-associated agonist of cell death; Bakl:
BCL2-antagonist/killer 1; Cdknlb: cyclin-dependent kinase inhibitor 1B; Ctsb: cathepsin B; Ctss: cathepsin S; Cxcr4: chemokine (C-X-C motif)
receptor 4; Hsp90ab1: heat shock protein 90 alpha (cytosolic), class B member 1; Mapllc3a: microtubule-associated protein 1 light chain 3 alpha;
Pik3c3: phosphoinositide-3-kinase class 3; Pik3r4: phosphoinositide-3-kinase, regulatory subunit 4; Rab24: member RAS oncogene family; Sgstm1:
sequestosome 1, ubiquitin-binding protein p62; 7gm2: transglutaminase 2; Gapdh: glyceraldehyde-3-phosphate dehydrogenase.

PR IR B, XA G SO0 F R 1 AR kS AR,
RER —MEEINEK E REMSEE T KT

RE ST PRAR . BEAb, S8 2H /I B3R X i 2H /0N BRURH B,
Bel-23 18 T B, (HE AL BE A& TR BE-3 (Caspase-3) A1

BRI . A0TSR, 8 e I CSTBL/OME /N il
25 R GEEFWEE S, HGEE SRR S,
JEAAE S d, 200/d, 53l fik A R 55408 . 8JE L 9
F 178, RILIIIEAE A KR E B I A
BIITEN D o T/ B Rl A T 25 8 R B, LR 46 O
VARG PR E R e /) B i SO A
88 JG, MBS BRI HUH O SR, ) BN B 50K, I
o I G W I, B 0t B ZELAH B, SI2e 2H /) BR
[ 5P £ 5 2% v AR 78 85 I Hsp257KF _ETF. Western
blotZ5 H TR, S ZH /)N 5RO 5L A 1) S A B AL
1(superoxide dismutase, SOD1)3& 1A F- A B & AF L,
{HSOD2# 3% 1 B & L B ZHAIK, i SOD2 7] LAAEHy
IR BT B M SR LA S A B A 0, T
N, KA A R 55 2 5 800 4 2T B

Bax 1)1 3 %A B 2 A2k, K Bax:Bel-2[1) L 4l
Al G T, (H A AR b uE B L R R T
KA WK IR Ak A M 55 9 AN — e 51 RS EP EA Y
SRR AT R BL. 9% E EPCRE; R BIR, LI
/N U Beclin- 15 LC3 R 3Rk 73 7352 %t AL 1.46
{1 .491508,

{5 B 3% B B T J2 4 8 (transmission electron mi-
croscope, TEM)WL %2 A TR, FOR 24 i (1) 241 o A% T 25 5
B KA AR AL, (S0 20 (F R 55 Ak 2 4
HH SR 4T i 1 T A R AR B 2 UY) s
55 2H FURE 28 AR ) 20 B DAL A5 22 1) ) R A A AE T A%
fro DA IR, B A2 Ab 320 1 N 8 E A R4y B
e A% o % 7 0K 1 26 kA4 . Beclin-175 G5 J5 46
YVAE NI N R B B & A B A Rk, il
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o AL R I, % R4 Beclin- 11X A URREH A A
FIA, (HTE S0 20 5P 51 546 UR v s R B, 7R BURE
Y A RIE . fEXTHRALOP S, Beclin- 111155 4
SN RCIRI, fE4ER i A D ERE M. SRITTE
SIS ZH N S, AR BT A (R, HL 2 TR .
Western blot%h §L 307, S2I6 21 /)N BR 5P 5157 9% /1) Bcl-2
JKF-B B R B, TiBeclin-1F1LC3 85 A /K V1A & |
Jto ELISAZ R W], S5 2H Beclin-1 7K1 85 -

R AT ST AN I AR AR O E B, IR REA
MR E MR R K B A, TR R4 it
fe, JF H 75 28 E YR &R A DNA(MtDNA) 1) £
SEME. R, ZRORE AR o SR fil A 2 TR P T T B4
B, HOCHE R (6t T 90 SRS B AN R 0 I 0 A KR
H 4 OC H B0l kR AH R LG, S 2H ) R O
H Wparkin3t K MParking [ i (ParkinfE /- § £k FiL
A T T E A AR W R IA T, SR T Ml
FIMmM2FE R [ 2 I5 T [, 2 bk il & 2 (AMFN AT
MFN27KF- B 55 B, R A5 2R b A i 388 221441, AT
SRR T RE Kk AR BEE, AR A R .
T A ok MR R 55 T DA A6 O S8R 48 P 1
WAk H 8 2, WS B IR AR, 1 S 0k 4 R i 2%
R AR D ReREAS, Dkl BN S5 URE A i £ i, AT
SN E R, BN O v 5L JE 4G IR R
AR,

CXCR45CXCL12:2 32 14 5 Bi & 1) ¢ &, il
Tk AR A P A B TR R AR R AE S, IR
MAPKI/MAPK3 1) M, HA T DLE AU Mz 3=
B2, AT B = 20 A 45 B 7K, PRIt
[FIcAMP/KF, BRI AT DA 2 5 41 Mo A7 335 R0 40 A
FET I FEMY, SEUG 20 )W) E B ful A S 25 8 L U,
HHCXCRAE AR /K T B, Badk R 31k I %
BE KI5 CXCRABLARSE & 7] LS 3 E
W 3ok 2 1 e AR 28, SO 25 38 T 3 e 0 AMPK g
PR IE A H0 ) T B W KT AKTAImTOR, 2528 57 5§ 5
Wt R I R A, AT A5 B B g R R A 5 OB,
N P W T AR AE A MR 551 10 O SR R R R B
MIVEF . WO 2 E AN, KBl 25 00 55 mT DA
FEERIR A K, (H ] BB A i BOE IR TR AR, T
ST I AL LGS T A WRAE S, AR T
REST A5 M 55 175 5 O 5L 0196 25 2R (0 O B J5E A o

T DA B APE FEHE I 0 T FE A O R I
R RS R PSS, S DG BEAE 2 B s 1R,

G S ORE 41 I 7T BE 2 R A R 2 EAR AR —,
XTI L A U N SR BRI PR RURE 240 R i, T
R — R e PR AE TR AR, YT
A M 25 T LA S I SESURL 48 0 5 2E B W M 1T A6
T ARSI = I TR, RSN IR KRR 4
FE AR 25 KPR i, A S 3k PR Rk
T AR R R RIIT T LR -

5 RE

FE LR R OF S A, AS B 1% UF 9 66 52 3k O,
DR 53 O A PV ¥ 5 o 4 A SR AN R 26 T e
75 5 B S A 0 B YRR AR PR, T 5 S EOR S Th g
I, IR A AN () E LR 3R, K B Al A R 25
R A — I E B AR R . KA A A 5
CIRYRL T 87k 28 65 NCTE 0RO Rl e = S g ]
LHEAEE I BRI TR T e Rt
N,

W — P L (R P G AR TR AR, T
RETE BN 550090 R & I 2 o v e ORI Y i 18 (P Bt B
AEHEON) . K HAEE il A A 55 ] BLd S I AMPK
&5 AN bt 3 WK FAKTAImTORE K i 5
NN Mol ge N = AT Rk M E LA Ny o b a7
SO0 EL IR E RIS R IR, B84 1 W )
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