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Effect of TGF-B1 on intermittent hypoxia induced autophagy in hippocampal neurons
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[ Abstract ] Objective To investigate the effect of TGF-B1 on autophagy in hippocampal neurons
induced by intermittent hypoxia. Methods In wvivo experiment: Twelve SD rats were randomly divided as
control group (N group) and intermittent hypoxia group (IH group) ; Their cognitive function was assessed by
Morris water maze; Neuronal autophagy was observed by transmission electron microscopy and
immunohistochemical assay; The expression of LC3, P62 and TGF-B1 in the hippocampus was detected by
Western blotting. In vitro experiment; the mouse hippocampal neuron cell line ( HT22 cells) was divided as
control group (N group) , intermittent hypoxia group (IH group), intermittent hypoxia+TGF-B1 group (TH+
TGF-B1 group) and intermittent hypoxia+SB431542 group (IH+SB431542 group), the expression of TGF-B1,
LC3 and P62 was detected by Western blotting. Results  Compared with the N group, the average escape
latency and the residence time in the target quadrant were both prolonged in the IH group (P <0.05).
Besides, the number of autophagosomes was increased under electron microscope and the stained intensity of
LC3 was enhanced in immunohistochemical assay. Western blotting indicated that the expression of LC3-11/
LC3-1 and P62 was up-regulated (P<0.05), while that of TGF-B1 was down-regulated ( P<0.05) in the
in vitro and in vivo experiments. Compared with the IH group, the protein level of TGF-B1 was up-regulated ,
while that of LC3- I /LC3- ] and P62 was decreased (P<0.05) in the IH+TGF-B1 group ( P<0.05) ; The
expression of LC3-II/T1.C3-] was increased in the TH+SB431542 group (P<0.05). Conclusion Intermittent

hypoxia causes cognitive dysfunction in rats, which is probably related to the accumulation of neuronal
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autophagy. TGF-B1 attenuates the increase of neuronal autophagy induced by intermittent hypoxia.

[ Key words |

impairment

intermittent hypoxia; transforming growth factor-g1; neurous; autophagy; cognitive

Supported by the General Program of Chongqing Science and Technology Commission ( CSTC2016shmszx130035). Corresponding author: LI Bing, E-mail;

delibing@ sina. com

FH ZE 14 FEE AR T 1% 7 {5 ( obstructive sleep apnea,
OSA) Il R b8 UL A B AR e A PR , AT g e = B 2
JE SR RERERT . TAHI T RE R A H R S RGE ) —
A I A B B4 (intermittent hypoxia, TH)
A& OSA FZEY e LA BRI, 8 ) 5 | A1k W 8L L 45
FRE 2 DA S SR 1A T B R B A L AT T, Bk
PSR 2 T G e N Z Y gk
W1, TH 5 3 i 5 pf 2800 | WE 35 5 i & oo it A
L AN AT BRI S, B
AT LA A 200 B BGRB8 1 AR B 200 A e i (At 5 R
FHRE, LIRS g fa 5 B2 TH S Ay £
A EARPLE MR B W . W5 R, TGF-B1 K45 1 1Y
YA BR T 2 5 55 L& AR SE SN Ak, ik
TEMZICRAEFIET W B R AR, HAF 5 1%
SR G REZ A K T — TR R,
TGF-B1 AT LAY 5 2ok Ak &075 3 1 K R AT 4E 24 40 i B
W DR AT g R B T D s IR
PirTRE S H B> TGF-B1 Y RIAA K. AW
e ) B Bt 48 A BRI HT22 44 i A5 80 | YR 52 5
ZICHWEEE K TGF-B1 /K, i@ i S EE 45 T TGF-BI
I TGF-B1 Z RN 7] (SB431542) , #Ri+f TGF-B1 %
MEETT A BERTSZIE , USRI RIBTT OSA 4k A 1 IA KN
Ty RE AT H2 HAE T 1 245 W HE A B i DR LB

1 #B5H®

1.1 ##

L1 sh5504d TEHL 4~ 5 J& U ity fidt B e
SD KL (ATt 150~200 g, th 85 PR EER} KA 5250 3 )
s AL ) |, DLE FAREG 5 2 S ) kR 57, B B IR
o EWPERSE 1 RS R B IR 58 e B b 2H 7 vk
3R HRZL (N 2 ,n=6) IR B SAA AL (TH 4H,n=6) .
L2 #Snad /RIS MZITHER HT22
S by L DR BB 2 2 IR G K HT22 290 i ik
AEH 10%fin24F i ) DEME - #5575, 78 37 C
5% CO, BB IREE i G T, JFAEIR 3] 80% ~ 0% &
TG TR ¥ dniflsr 2 N 20, TH 24, TH+TGF-B1
4115 ng/mL) 1 TH+SB431542( 100 nmol/L) .

113 5 DMEM 3535 80FRF 1R 4 1076 1 H
IR W) A bt TGF-B1 HLiA I B Abcam 23
] S Pt LC3B P62 /A H bimake /A ] ; FR$T B-actin

ik A R = A Y18\ HRP ARic il E40 R 1gG
2E4i % 1eG W H IEREAE /S 7] s RIPA S35 2% vhif
B B0 5R) L BCA B Ak B e R 50 & & SDS-
PAGE PRl & H 28 = KA Y AR 58 B, ECL
2 R & H Advansta 23 F] o

1.2 F#*%

1.2.1 Zh¥p Al sy N e S IREE T H A4
I ¥ TH 4L K BURCE T 18] BOPE IR 20 sh i i A 7 2
= (AT H 4% F] ZL 2016 2 0110012, 4) $4%2 8 h
(08:00-16:00) , PN/ FH 3 #5 i) IR MR B A 25 SRR
A PR EEG I8 0T P9 2% B AR I IR B Tk
7% ~10% , 545 3~5 s SRG a3 21%

1.2.2 4 oA gt vy N 4 IE# A REE. TH 4,
TH+TGF-B1 41 TH+SB431542 21 37F 47 7] o fie 4 22
B2, BV & 37 °CL,5% CO,,1.5% 0,, 548, 5 min, 2
J5 48 4 10 min"’

1.2.3  Morris 7K 2 B SC 5 ) ZEEE 1) B P de 4 A AR
4 [ 5347 Morris K 2R B K, 7EF & L5 ), %
KM AERAHLE SR B A, e 2 Fe i 60 s I ]
WERAT- & AT G158 30 s, 60 s KA
R BT S MK F 51 S 216, R s i
30 s, FHEMA B LR REE . T & LRIEIT 5 d,
FEOHTT R ISR . 25 6 KiE1T 60 s MR, #5
BRAFE-5 430 60 s I 1] B AR 5 R 114 457 55 1) [a] B2 2
i H AR5 IR

1.2.4 fGEdlgUb2aafr KEUREES o0k
VETE NS, B G 4% 22 WS [ 5 o il 0] 40 5 Th 41 41
HVEA D) B LUK LC3 2R [ &1k, 41410 A i s
FUKEIG , BT g Ry e = & ik (pH=6.0)
B &b TR W TR, Uhik e Y R
T 3% XUAE, 7 5 T8 LA T o P TR 2o 4R A 400 i 1
PEo 3%BSA EiE A G, eV A L in—4t, Y 5 F
TR EN 4 CHELH . KBS RERE, 7EE
PR IS — A R B I i A, SR E
50 min, PBS PRV o 78 8 P i & BiC i 1) DAB
O, B st E], AR R A, [ ok
KpUEI R 2k Bta . AR E Y 3 min 245, Ak
IKVE, A SR AL ERD, B R K b, TR AR 3R
WEVRGR W, K vk, B S K 3 A

1.2.5 ESTAasIEE REURES , 80



1314 = HE R AR, 2021,43(14)

http : //aammt. tmmu. edu. cn

NS, {EA 200 mlL 2. 5% J& [ [f 7 , P 43 85 K Bt
L, B RERIR TR 2. 5% K T . R RE S
FH 1% IR [ 5 , o 2 RS I K 5 AT A R e, B
TEFL T A T WA AT
1.2.6 Western blot BRI S 2SR T 4R
B RIP A it 22 v 0 R 28 10 8t 410 ) 5] 42 100 = 1IC
AT, IR b R S B0 1 o, A BCA 3050 & I 2
HEEWE ., W 12% 1) SDS-PAGE B JiE L ik
SYBSEEEBT(30 we/ A5 PR H AL RS 2 0. 45 pum 5
0.22 pm ) PVDF |, FEZR T, ¥ HEAE TBST Fi ke
SPINEYH T ES A 2 ho BEJE RIS — U R
UCH RIS EIRAT AR A B ) — P S 0 T
BEE 1 b, B BORO R & BT
1.3 it F 454

fdi 71 SPSS22. 0 S 5 3 B4 #4748 it 43 #r, I LA
xks Fern o BB TR R A1 5 22 70 M i AT B A0
FG R EPE LSD K556, HoAb AT A =48R S A 2 52
BE SRR AL FEA ¢ 130, P<0. 05 Bk 22 A7
it X, {4 GraphPad Prism v 6. 0 2| EE .

2 #XR

2.1 A BRMEEAFE KRR T L IER

F-EEE 5 N AU E, TH 41K B 4 KRS
5 KAk % v AR B B AE K (P<0.05) , 25 (A FEZR 5K
B, N 21 SE56 350 T ] R X A H AR S
BRI, 1M TH 2138 R 430 TH 21 28807 & ER N 41
/0 (P<0.05), H IH 407 H br 5 BR 45 58 B 7] 45 0
(P<0.05), WA 1,
2.2 RBRMEEREGE T ARG S

BHFHE BT I R N 2LV 1 28 0 i A b 4 L
AN [ g/ MA (] 2A B) o TH 4L S 2ot Ak Py 4
FfL# B U D, R AR I o T %, T L B i 1 22 g XL
JZBRZ 2B IE R IZ LB 1) B W/ MA (B 2C.D) o
2.3 BRBEERFFAEMAEG KL LA

R T INAE I S B UL B ) A /AR ) 35 T
FIFE S sl A4 I T 1C3 YK, LC3 &+
TR TR D XML e b, 5 N A,
TH 20 5 R 2 DX PH 4 40 i o 2 3 22, Y i, G ge
J I g S R (P 3) it Western blot 4347 LC3
P62 KPR H Wt R 5 N Al HE, KR IH
41 LC3-T/LC3- 1 k1840 (P<0.05) ,P62 21k F i
(P<0.05, & 4A) s ZE40 M 525 7, TH 4 LC3-I/LC3-T %
KB (P<0.05) ,P62 F2ik 18 ( P<0.05, & 4B) , %%
RGP 2,

- N4
, 601 -= [H4]
B
E 40
2
204
C a
0 1 2 3 4 5
i} ) /d A
4 35
i m
ﬁ 3 30 g
G 21 a )5 =
B G
14 - 20 tﬁ
=
0- L 15
N#4l H4 N4 H4 B

C

AP BRI B FAF & R B AR R IRAF G N
B 5C:N 2240 3 4 K5 D TH B4 73 4 H a: P<

0.05,5 Nzmb4; Ok A -F &

E 1 [EEREERERT K R INE ThRE R 32

A:N Z84F 2250 B 4k (x10 000) ; B: N 204h 2 7T B "4k

(30 000) ;C: TH 284 % 7, & %4k (x10 000) ;D : TH 284

% 7 8 A (30 000) 3 3k 7 B 4

2 EHBEREARAREIMETAE



http ://aammt. tmmu. edu. cn B = FEE KRR ,2021,43(14) 1315
5B) . N T #F—EEUF TCF-B1 &£ 50 [ W,

200 pm
—

A.C:NZ11LC3 8 &4 ;B.D: TH 41 LC3 9 £ ik

3 SRALKNLCIEXRRBIAAPHRE

2.4 TGF-B1 %2 19 Bk 8t Bk F 69 B IR &
Western blot /387 &AL 5 N 41 bbix, IH 4H K Ul

P L TCF-B1 [)Rik /> (P<0.05, & SA) , 7540 ifs

S IHA TGF-B 11 K 3k [ 4% T 4 ( P<0. 05,

0.8 7
]
|
ﬁg 0.6 1
NZ H4l &
LC3- 1 (mxlo%ii = 041
LC3- T (14x10°)— e
—
SO ——— S ]
B—aclin(42x103)*>E| g
O-
3_
i)
|
i
N4 TH# & 21
1C3-1 (16><103)H""1 —
1.C3- 1 (14x10°)— Em——— 8
S
PO2(62X10°)—> | s s =
A
B—a(ttin(42><103)4’ — — :} 0

N4

TER R TR BCPEBR A B 40 AL (HT22) Hr 433 A TGF-B1
1 SB431542 , 45 ] F W 5 TH 4 He%k, IH+TGF-B1 41 H
WA DCHE 1 LC3-T1/LC3- 1 23k T i (P<0.05) , P62
Fik k> (P<0.05), i TH+SB431542 4 1L.C3-11/
LC3- T 23630 ( P<0.05) , P62 Fik i (P<0.05),
LA 6,

Nzl IH#A NZ| TH4
- roret- [
- TGF-Bl—
(14%( 1%17 (44x10°) L
Bractin— | “E—— Bractin— | w-— —
(42x10°) (42x10%)
0.8 7 1.07
iz i J
M
ﬂé : .Hé 067 a
ZE 041 4 =
=y = 041
) i)
2 02 2 021
0 04
N4l IH4 A N4 IH4] B

A KR #4250 TCF-B1 w9 ARt & ik 5 ;B HT22 40 it
TGF-B1 tg4a 5 £ ik B ;a:P<0.05,5 N b4k

B S EaiEsRENHE T TGF-B1 RiXAIFM

i O8]

%
o 0.6

0.41

P62 X =

0.2

0-

NZ HH NZ4 HH A

a 1.0 7

a
0.8 1

X
H 06

0.4 17

P62 FiX %

0.2 17

H 41 N4l 1H4 B

A KR DA 270 LC3 A= P62 e 405t & ik & ;B HT22 2w fg LC3 Fo P62 #9Aa5T & A & ;a:P<0.05,5 N Ak

& 4

] Bk MR X 42 T B IR X B LC3 71 P62 RiAKI I



1316 B =FPR R AR, 2021 ,43(14)

http : //aammt. tmmu. edu. cn

0.8
it
)
1 2 3 4 ® 0.6 a
LC3- 11 (14x10°) — [ | =
Pe26210)» [N 041 )
(@] ai
—
TGF—BI(44><103)H_j = 0.2
Bractin(42x107)— | . - — -
—
0-
A 1 2 3

1.0 - 1.0 7
a
I 0.8 0.8 1 a
*fﬁ 0.6 4%) 0.6 1 b
™
= 0.4 5 0.4
o = U4
2 024 0.2
0- 0-
4 B 1 2 3 4 C 1 2 3 4D

A :Western blot #- se X TGF-B1 F= SB431542 j5 L.C3 P62 #= TGF-B1 ¢4 & ik ;B:LC3- 11 /LC3- I AR & ik % ;C. TGF-B1 A9 &
X 2;D.P62 Agxt KA &1 N4i; 2. IH 48 3. IH+TNF-B1 48; 4. TH+SB431542 #1; a.P<0.05,5 N 41rb#;b.P<0.05,%5 IH

LB

E 6 TGF-pl xfEEKMHREFS HT22 45 R ER

3 itig

OSA J2 i T Ay e IR o A P 0 , 2 B O R IR 45 )
ZEL ) A AP A AL A s R g, B R
Grit FIA KB IE | S A IARTE 25 SOl T e s
A PRAEIR O OSA B 338 3 A7 76 AN [ P2 B 11
NI RERERG , 2 R BUEICIC 1 R Ry V&S R
FTREST 2 ST e S 407 S RE 2 R L AEARBESE
o FRATTAI A Morris 7K 28 B AL K SURIA IS BE , i
R ERIR ZRISF I A 38, 2k 3t vk DA JU %) Fsf ]t e ohe ik e
551 RIS 2 R ki W R I G T2 22 5+
DM BT A KR8 s A Sh RE s A 8L, TH 41
RS 4 KAEE 5 KMk R i B e K, 9 Has
(PR Z S TH 21 28 007 5 B0 0 Fn H AR 4 B 5
FisF ) 12, B ol 4 e, o S5l AR IR S T )i e A 3 3
KR 0 Z o

HWE) ZAFTET EAZ AN b, JE BRIRFE AR T4k
55 3 APt Y BFSE R, TH SOk Rk 20
P45 5 200 M S # e B A 6, i e 4N B s S T
REZ S HRE R L T R ] B fk A
A AT LSO ot A g, FRATTZE A A WA AR iC Y
(LC3 1 P62) EATHIIN . B Wt/ IMAITE B S LC3 M\
LC3- 1 2| LC3- T %%k, i i LC3- T S #EARIE £ B
WREE BTNy TR0 LC3- 11, 24 [ W/ METE i £
I LC3- 11 i ik g1 &2, LC3- 11 /LC3- 1 Fu Al By 34
AR A W kR . P62 B RR R e E [
SR LC3 SRR ALY, 24 A W 52 B
i) P62 S ks ime il R TH 7% S ok Rk A
TR A % WA SRR 1 LC3 Rk 2T L A i
JERE AT RE G A AN . TH 2 B - R AW

SRR RS AR T, WS R e , 3l i T
22N B AT 0L ) A D R 235 ) DR 47 40 L 32 540 5 SR T AR
SRR, AN RAE SN 2 T B E R S N, o
F 1 WSRO T RE S s A o WP R B, THL AR
JE AN 252 s (B X ¥ 2 #2270 F W2 M) AN [] B 7™ A
FREEm RIS Y TH 2338 Bl B S R A 497 , R B R 454
WA AECRR A L A RS SR B, TH 0 o 4 ik 5k 1/
FRHEVE SR ph B 7, HALHI AT RE 5 8 WS A
SN S A % . ZHANG %5 B 58 e LG
WEThEEZ Ml ae5 TH LR/ BUE EZL 20 B W AH ¢ 25
HZIRA . ABFSE &I TH 4K BRI S 20
e g/ MRS 22, A WEAH DG HE 18 R, FBH R ER
PRGOS W, 7E HT22 20 s A0 45 31 5k RUA
N SE I — B 2516, (R SR B Wi B T L (H
W3 0, B Wk Az B, 75 3w B, FRATTHEWT AT
AEAZ T TH S | e A we 2R, A5 s &oo 2 61, A
MBI T RE A

b A AK ¥ TGF-B1 & — B RENE 0% 57 FI AR 37 #if
ZICHIPLR RN R 1, M W 1 2 Rl
¥ TGF-B1 #51k Jg 3% ¥ TGF-1 K 8 45" . DING
2R GE 3, TGF-B1 AT LA 2 4M ] th AB1-42 %
(149 7 2 SR 20 L B35 5 2 11 208 41 40 6 R 08 o e 28
B SR T , FLER A FE DN A2 505 0 ot B 2
Filo CARACI 25 BF 5 K Bl 22 98 1k 95 1A 60 )
REFEAFIEPN AT RE S TGF-B1 3R A2 5 7 A Ko TEAHE
FEH AR PN S B FAR S S50 IR ST () R R A
TGF-B1 1753, [H] B Br 48 HT22 40 it b i AL TGF-B1
J5 , Western blot ¥ l] % ¥ LC3-11/LC3- 1 ik b,
P62 Fik T, HE KRG, E g, SB431542
JE—Fh TGF-B1 57 {4 i 10 ) 70, TRA 25> 5 5 7



http : //aammt. tmmu. edu. cn

=R KRR, 2021,43(14) 1317

SB431542 AbFCRIRIA T-20 0, & 30 B W B, 3%
7% BR8] & Bl 4 HT22 41 Jfg b fin A SB431542 J5,
LC3-I1/LC- 1 k3, P62 Feik b4, 22 W H: i 1 i
/> TGF-B1 BRI N T i S 2 ochy A . B
HI TGF-B1 Qnnf i 25 #h 28 70 A Wit i A5 48, A WFFT 4l
18, PI3K/AKT/mTOR 3l 5 14 8 755 410 ) 2 0 - 4i il
ZITAEIE P % X% 5 TGF-B1 i, i,
FEA TN TGF-B1 7] BE i 3 P8 4% PI3K/AKT/mTOR {3
S S 5 1) B ot SR SO 8 00 W R A X —
AR T — 2R E . WA, AW A A i 2
TR TCF-B1 Xt i 28 I F Wk 9 520, 41 %6 K R
TGF-B1 5ot A W 2 6] i v FE ML, W 78 I Le kA7
WAWIGE

L R TR AR ST S B B B S BOK BUA
DIRERERT , T A 5 i 250 [ v BAE 56, TGF-B1 ] I
1) BRVE B AR 8 T 00 F I £ . TGF-B1 Kk 5|
A2 [ I BT A ) B i R S SO R D RE RS Y TR
HHLH

SE 3k

[1] RALLS F, CUTCHEN L. A contemporary review of obstruc-
tive sleep apnea[ J]. Curr Opin Pulm Med, 2019, 25(6) .
578-593. DOI. 10. 1097/MCP. 0000000000000623.

(2] WIZL, BRBL, E45, 55 3 Shpf 2 ou 2 1 vy 40 i 20 12

[Ea) ARG S0 BRA R D) B 114 40 403 B 1 5% <6 W 18 £ 7 T
[J]. HAegs i MrE g Ze s, 2014, 37(12) . 893-897.
DOI: 10. 3760/ cma. j. issn. 1001-0939. 2014. 12. 006.
MING H, CHEN R, WANG J, et al. Role of hippocampal
neuronal intracellular calcium overload in modulating cognitive
dysfunction and the neuronprotective effect of mematine in a
mouse model of chronic intermittent hypoxia[ J]. Chin J Tu-
berc Respir Dis, 2014, 37(12) ; 893-897. DOI. 10. 3760/
cma. j. issn. 1001-0939. 2014. 12. 006.

[3] ZHANG P P, WANG Y H, WANG HY, et al. Sesamol alle-
viates chronic intermittent hypoxia-induced cognitive deficits
via inhibiting oxidative stress and inflammation in rats[J].
Neuroreport, 2021, 32 (2). 105-111. DOI. 10. 1097/
WNR. 0000000000001564.

[4] LAOUAFA S, ROUSSEL D, MARCOUILLER F, et al. Roles
of oestradiol receptor alpha and beta against hypertension and
brain mitochondrial dysfunction under intermittent hypoxia in
female rats [ J]. Acta Physiol ( Oxf), 2019, 226 (2):
€13255. DOI: 10. 1111/apha. 13255.

[5] SONG S, TAN J, MIAO Y, et al. Effect of different levels of

intermittent hypoxia on autophagy of hippocampal neurons

[J]. Sleep Breath, 2017, 21(3):. 791-798. DOI. 10.
1007/s11325-017-1512-7.

[6] GUO X F, ZHAO Y N, LI J M, et al. Activation of autoph-
agy pathway in hippocampus and deterioration of learning and
memory ability by intermittent hypoxia in rats after cerebral
ischemia[ J]. Chin J Cell Mol Immunol, 2016, 32(9):
1212-1216.

[7] ARKHIPOV V I, PERSHINA E V, LEVIN S G. Deficiency
of transforming growth factor-B signaling disrupts memory
processes in rats [ J]. Neuro Report, 2018, 29(5): 353 -
355. DOI: 10. 1097/wnr. 0000000000000971.

[8] NI B B, SHEN H, WANG W, et al. TGF-B1 reduces the ox-
idative stress-induced autophagy and apoptosis in rat annulus
fibrosus cells through the ERK signaling pathway [ J]. J
Orthop Surg Res, 2019, 14(1). 1-13. DOI. 10. 1186/
s13018-019-1260-4.

[9] OLAITHE M, BUCKS R S, HILLMAN D R, et al. Cognitive
deficits in obstructive sleep apnea: Insights from a meta-re-
view and comparison with deficits observed in COPD, insom-
nia, and sleep deprivation[ J]. Sleep Med Rev, 2018, 38:
39-49. DOI: 10. 1016/j. smrv. 2017. 03. 005.

[10] ESPOSITO M, ANTINOLFI L, GALLAI B, et al. Executive
dysfunction in children affected by obstructive sleep apnea
syndrome; an observational study[ J]. Neuropsychiatr Dis
Treat, 2013, 9. 1087-1094. DOI. 10.2147/ndt. s47287.

[11] KERNER N A, ROOSE S P. Obstructive sleep apnea is
linked to depression and cognitive impairment: evidence and
potential mechanisms[J]. Am J Geriatr Psychiatry, 2016,
24(6): 496-508. DOI. 10.1016/]. jagp. 2016. 01. 134.

[12] STRANKS E K, CROWE S F. The cognitive effects of
obstructive sleep apnea: an updated meta-analysis[ J]. Arch
Clin Neuropsychol, 2016, 31(2). 186-193. DOI. 10.
1093/ arclin/acv087.

[13] LAMARK T, SVENNING S, JOHANSEN T. Regulation of
selective autophagy ; the p62/SQSTM1 paradigm[J]. Essays
Biochem, 2017, 61 (6): 609 - 624. DOI. 10. 1042/
ebc20170035.

[14] DEGUIL J, RAVASI L, LANTEAUME L, et al. Transla-
tional challenge models in support of efficacy studies: effect
of cerebral hypoxia on cognitive performances in rodents[ J].
CNS Neurol Disord Drug Targets, 2016, 15(7) : 765-776.
DOI.; 10.2174/1871527315666160518124926.

[15] KABEYA Y, MIZUSHIMA N, UENO T, et al. LC3, a
mammalian homologue of yeast Apg8p, is localized in auto-
phagosome membranes after processing [ J ]. EMBO ],
2000, 19(21) : 5720-5728. DOI; 10. 1093/emboj/19. 21.
5720.



1318

=R KRR, 2021,43(14)

http : //aammt. tmmu. edu. cn

[16]

[17]

[18]

[19]

[20]

SU H B, WANG X J. p62 Stages an interplay between the
ubiquitin-proteasome system and autophagy in the heart of
defense against proteotoxic stress [ J ]. Trends Cardiovasc
Med, 2011, 21(8): 224-228. DOI. 10. 1016/]. tcm.
2012.05. 015.

TR, sk, ELLRH, . ZoRiik [ oo [a) s
PR BINAIIRER A RIRIR[T]. AR a R R,
2014, 37 (11). 840-844. DOI. 10. 3760/ cma. j. issn.
1001-0939.2014. 11. 011.

WANG L, ZHANG P P, WANG H Y, et al. A preliminary
study of the effect of mitochondrial autophagy on cognitive
function in rats of early intermittent hypoxia [ J]. Chin J
Tuberc Respir Dis, 2014, 37(11): 840-844. DOI. 10.
3760/ cma. j. issn. 1001-0939. 2014. 11. 011.

LIN X L, XIAO W J, XIAO L L, et al. Molecular mecha-
nisms of autophagy in cardiac ischemia/reperfusion injury
(Review) [ J]. Mol Med Rep, 2018, 18(1): 675-683.
DOI:; 10. 3892/mmr. 2018. 9028.

GUO X, LIU Y, ZHAO Y N, et al. Role of the PI3K-
mTOR autophagy pathway in nerve damage in rats with inter-
mittent hypoxia-aggravated whole brain ischemia [ J]. Mol
Med Rep, 2019, 20(2). 1411-1417. DOI. 10. 3892/
mmr. 2019. 10337.

ZHANG X B, CAI J H, YANG Y Y, et al. Telmisartan

attenuates kidney apoptosis and autophagy-related protein

[21]

[22]

(23]

(24]

[25]

expression levels in an intermittent hypoxia mouse model
[J]. Schlaf Atmung, 2019, 23(1). 341-348. DOI. 10.
1007/s11325-018-1720-9.
ANNES J P, MUNGER J S, RIFKIN D B. Making sense of
latent TGFB activation[ J]. J Cell Sci, 2003, 116(2):
217-224. DOI. 10. 1242/jcs. 00229.
DING Y, KIM J K, KIM S 1, et al. TGF-B1 protects against
mesangial cell apoptosis via induction of autophagy [ J].
J Biol Chem, 2010, 285(48): 37909-37919. DOI. 10.
1074/ jbc. m109. 093724.
CARACI F, SPAMPINATO S F, MORGESE M G, et al.
Neurobiological links between depression and AD: The role
of TGF-B1 signaling as a new pharmacological target[ J].
Pharmacol Res, 2018, 130: 374-384. DOI. 10. 1016/].
phrs. 2018. 02. 007.
TRA T, GONG L, KAO L P, et al. Autophagy in human
embryonic stem cells [ J]. PloS ONE, 2011, 6 (11);
€27485. DOI: 10. 1093/ gigascience/giaall6.
HERAS-SANDOVAL D, PEREZ-ROJAS J M, HERNANDEZ-
DAMIAN J, et al. The role of PI3K/AKT/mTOR pathway
in the modulation of autophagy and the clearance of protein
aggregates in neurodegeneration| J]. Cell Signal, 2014, 26
(12): 2694-2701. DOI. 10. 1016/]. cellsig. 2014. 08. 019.
(Yr75:2021-01-22; & [E .2021-03-23)

(i K %)





