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Abstract

HH (Hedgehog) signaling pathway is involved in a variety of biological processes, including cell

differentiation, cell proliferation, cell senescence, tumorigenesis, tumor malignant transformation and tumor drug

resistance. Therefore, abnormal expression or mutations of genes related to the HH signaling pathway can cause a

variety of diseases at different stages of biological occurrence and development. Deep insights into the role of the

HH signaling pathway in various genetic diseases and tumorigenesis, as well as the development of chemotherapy

resistance, are conducive to the further discovery and study of disease treatment targets. In this paper, the HH sig-

naling pathway and its action mechanism in the occurrence and development of cancer, development, and aging are

summarized. This review can provide a theoretical basis for the treatment based on the HH signaling pathway.
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S AE RGO (4] SR 2OW b A 2 G B4
FH, R AT RAX 1 £8 R St (central nervous sys-
tem, CNS) AR5 10 ¥, SHHIS R0 BE o4 26 ki ik
Dige, BAPUEEEM . T LFEMBEE R, HHIE
5B ) R 2 T B P H AR R B AN 2 e 2 o iR
(R APE R S 2597 R . RN T fif HHAG 53l
B AE S AL IR R A R A R AT T 24 K
JEIE AR T HIAE T, KA AT 1 — 2B R BB FT 50
TRITHE Ao PRI, RSO AT HHAS 538 5 S AR g
RE MIEEAE DL T TR T 2708

1 HHIESEBA{ERHLE
1.1 HHEBRKHEL

HHE [ 2 —Frilb B A, 2 3H0E HHG 5 IE
FIRERICAR , A HESI A AR B HES ) K B i 7R
R IE AR LT, 453 N HHZE A 5K
R 1 : SHH. DHH(Desert Hedgehog) Al IHH(Indian
Hedgehog). HHZE H 14K KZ)4 45 kDab, @il H

I AT 48 55 e 12 ik 485 0 3 (HH-C) A 2 i 485 A ik
(HH-N)P 5. HH-Cit H B9 EA, o] DL &5
& BIRH RSy b, IR H 2 2 HH-N C R i, 78
2 fH [ e RS B A F ). HH-NTE B R R Bl A 1
FH R AR I e AR JE ] BEAE 1 JS VR A 5 2 10
HHYE 5B, &AW 70E e A A A R iR th =
57 ZABM 27, AR AR . e A& DL i R
JULIE SR B 75 HH T A4 R T5CE1 240 i &/ 0 B 409 k) it
B R EH . BB HH-N 233 77 =
KR,
12 ZHEHHESIER
HHAE 585 1305 75 2 HHECA . PTCH(Patched)
TR SMOSZAA., Wl S0 F NiF T GlisE 2
U, HHE 5@ S T 50 2P IR B —0 %
55 TR AL 2 N I R, S DRSS A
FERIRZ N B . HHER a4 A 4 i s A oRE
JROGFRR 2 AR B A, IR R S 5L K] Patched
5 ()52 AAPTCH, PTCHA — ™ {5 BEBIUBE 45 1438 (sterol -

HH-C

1B fE HH-N AT Llodiad DU 7 SR R 4k . (1) FaAT/N B HH A2 40 #8752 Disp(Dispatted) % 12 & /I (WHH 11 . HH-N 14 JJE [ [ 35
33t 5 1B AR I Disp A 43 WA S 11 Scube2 MR B [F) /R F T 45 R . X I A0 2 11 L4 S HH-NJE [ B AN R34 5 5. (2) B S IWHHE A AT LA
S TR N R ok, TR — Rl R A R G . (3) 183 5 i IRt LEE 2 B (glypican, GPC)HHR IR £ Ik T 22 55 AH BLAE FH, W] LRI
HHIFNA AT . HHAJ DLk B 10 I8 o a0 [ 5 68 76 15 22 FUBURL IO BER 200 72 1o (4) HH-NAT DA R i3 B 3R 10

The modified HH-N can be released out of the cell in four ways. (1) both Drosophila and mouse HH producing cells need Disp (Dispatted) to transport
lipid-containing HH proteins. The cholesterol portion of HH-N is released by synergistic action with membrane protein Disp and secretory protein Scube?2.
These two proteins bind directly to different parts of HH-N cholesterol. (2) the modified HH protein can be released from the membrane in the form of self-
association to form a large soluble polymer. (3) the N-terminal oligomer of HH can be released by interacting with the heparan sulfate chain of GPC (glypi-
can). HH can be anchored in the phospholipid monolayer of lipoprotein particles through its attached lipids or cholesterol. (4) HH-N can be released to the
surface of follicles.

E1 HH-NRIP# 575
Fig.1 Four secretion modes of HH-N
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sensing domain, SSD), ‘& 545 A 2 HHER [ [ H [
BEAH EAE P, HHEREH 5 PTCHM 4 G 0E 1 GEH
B AZK(G protein coupled receptor, GPCR)HE Z % il
54 SMO, SMO = B R Ak 1t — 5 80 T {5 51l
R

SZARPTCHAE SRt OAPTC, LM AL i 24
FWER R, 439 NPTCHIRIPTCH2, 7% 5HHE [ 1Y
SEANT KRB IR, PTCHI R 120 5 FEE P 5 — IR B B,
STHHAE 52 U RIAE . PTCHI T g 5 SR i
[FIPTCEE Jy2ALl, MPTCH2IDhfe M ANE Y. fEEA
HHfE 5 I8, PTCHJE Az T W1 K 21 (1 i #8, PTCHAM ]
TIR S R FISMOWITEYE . WM AT B BHESIY4H
FIH AN A8, 78 MHH(GE 557 FHE S0,

FH 558 J: ] smothenedZwtis (1) 52 A4 SMOY% HH{E
7 [ B A e 3, HENCR S oz T4 o, CoRsidor 34 i
Wo BRI, MHHAE 5 AR BOEI H0H 7 SMOWE %, Al

CEREEAEANA A I BEI0 h, BETTAR B AR o SRR 5T

W], HHAE 5 58 5 1) 22 57 42 tH SMOR BT R Ak ™
A, BERRAFRE R, HHAS 5 98 F 5% . SMOIY
CAR i n] B4 5B 8 H Cos24s &, Hh st s E =%
[A-¥ Ci(cubitus interruptus). 474 HHIE 5, Cig
R I Fu LA S A1 7 SUFU(suppressor of fused)
T W 526 104 8 AE ZH L5t b, CifE PKA(protein
kiase A). GSK3(glycogen synthase kinase 3)#/l
CK1(casein kinase 1)[1EF T 4 i & 10 7K A A3 R 1)
FESEAMHIR - (G, CIRgE N A%, $0H) HH 8
I D] A

e HHER B B0E R N A5 51— Dl e ok
BKl7 Gli2/3%: T 2ldiffukz M. Az, c4a%
7€ tH Gli(Glioma-associated oncogene) [K 5 %1 3
AN GLIL GL2F GLi3M, EATTEA 54 & AR ST
[F4FfE DNAZE G ELSLEE , Glitk A 2T
WL, JERARIPR A 45 & JeDNAGS &7 mi. Gli2
AT DL e s 2 5 B KA 7 A 0 5 M 3
T GL3 JU) 7= AR 4 ) 4 R 3 ). SMOI U 22 5 8L
SUFUM Gli2+ GU3{EZFEA5 B I [FIREK, M fE2f
E W Gli-SUFUS S5 ), eI K lus e 2\
1 Gli2. Gli3th A S 1 HK L T2 LT B A% 3|
YHAAZ , 78 A0 B e AT TS HHAE 5 38 B AR O HE L R 1)
s U8, IRZ) 7 1 Kif7(kinesin family member 7)/&
HHAE 538 2% 1 — AN SGER 70, BERT DA 21 1F 1)
TVEH, AT DU B G e 4R F, (HKGf7 6 1E 570

FE ML A e A 2 B, GL2 R GL3TE4FE b
(Wig sh7E — e FE % L AKH T Kif7. PKA. GSK3 &
CKIMI R EMmRL . cAMPHKHK PKA 2 HHIE 5
3 % 4 B B AR 4R R T U PRAEAL T4 B3 5E R
T GL/GLA M AR IIE ™. 7% A HHECAR
TR, PRATEPE S A KT (0 4 306 HAAE 5 8 %
PEAE T AR, R PRATE T AR, sie S 3 HH
{5 50 A DS SE [ A 3R IA 1, HHAS 5@ %
K27 o

1.3 FZHHHESER

k4 L HHE Sl AAAE M Y5 H PTCHI(
AYETE SMOZ 5 &%, LA SMOITH (i (H ¢
PTCH1Z 5f)i#&4%. PTCHI(IZL )M /& AT
SMOJH T E LG Ki& 1%, BFFCRI, s )R =
R R 1 40 it DR A AR DR 7 1T BLBRE LA 1)
B 0, SMO(IIZE )M IS AR 1R85 B 715 5 1404
YHM R A EHE Rl 5] S DA 7 AR B AR
W R 5 A AR Y,

HH# B AEVF 2 A e F A h e s R,
HHLE 6 AF 50 JE R i 2 B3R AR 1) /N BRI HE 22 FE I
FEE R A . HHE ARG R R . Bk
MApERESFHAL MY, WARERKIRS.
IR, Fr:al 5w I HHEE & S8 A G 2w
PR R A . R TR, AT HAHALE
5308 R R 5 i R B AR 1 ) B e R R A St A A B
BRI R . LRG3 B R ol 5
AR

2 HHIESBERFEEMENLZE LR

R SR ) AT RO T T DK R e
SIE, EL T 2 RS T4 1 24, AT 350
SR, TRLIM, T 5 4 S R T8 i
BORIAEE 16950 F BB IRA YT S0 b i LR, 72
VF 22 N0 Y R 0 2 9 7L S0 15 3 40 7T LA
FEF 5 368 B SR K] 42 5 6 57 ot i ¢
T, I WY I3k A4 AR S 10388 0 A R A P [ £
GESSE 3
21 HHESERAEERERESSENLE
%R

HEHH 5380 35 B A A AR VSO 3 £ G SMO
F0 4 9848 A PTCH IS, SUFUHHAE 5 S 1)
[ 9T SR, NTTTAE B B (R 50 T BSOS 5
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Without Hedgehog signal

Microtubules

Nucleus

With Hedgehog signal

Nucleus

A: fEBCHHHAE 5 B OL T, PTCHIAMHISMORMIGHER H K& 1 72 Az, Glitk A4 8 A BB RERR L, 7 EINHAS AT (GL2/3R #4977 4E), AT #04]
HHIE B2 K e 5 . SUFUSERE 185 240 L S5 AN 40 A % T BRI G 3 R 39 1% — 38 4%, AT PR HHIE B 2R DA (e s . B: AEHHAR SAAERITE LT,
PTCH135 Al A SMOH Hr e Az BT B b, J8 30 N5 5 F AR AIGL E W0, I3 I HEGE B R K 1 R

A: in the absence of HH signal, PTCHI inhibits the surface localization of SMO and Gli proteins, and Gli proteins are phosphorylated by protein ki-

nases, resulting in NH, terminal truncation (Gli2/3R production), thus inhibiting the transcription of HH pathway-associated genes. SUFU also regu-

lates this pathway by binding to Gli in the cytoplasm and nucleus, thereby preventing the transcription of HH pathway-associated genes. B: in the

presence of HH signal, PTCH1 inactivation can relocate SMO to cilia, initiate downstream signal events and activation of Gli protein, and increase

the expression of HH pathway-associated genes.

E2 HHESBHERNEE
Fig.2 The diagram of the HH signaling pathway

1 HHAEXEERZGRES RN EZREMER

Table 1 Major phenotypes and symptoms caused by mutations and deletions of HH-related genes

VSIES R HE A R 225 3R
Disease category Diseases Gene Gene product References
Tumor-associated ~ BCCS PTCHI 12-span transmembrane protein [2]

TNBC SMO and Glil ~ G-protein coupled receptor and transcription [6]

factor

Lung cancer Gli Transcription factor [22]
Developme New hair follicles for adult skin SHH Secreted factor [23]
nt-related GSCs SUFU Scaffold protein [24-25]
Nerve-related Neocortex SHH Secreted factor [26]

Hippocampal nerve SHH Secreted factor [27]

Adult neurological disease SMO G-protein coupled receptor [28]
Age-related Therosclerosis IHH Secreted factor [29]

Endometrial stem cell senescence SHH Secreted factor [30]

Muscle disease SHH Secreted factor [31]

A SE R PO B LA T 9T AE K20 85% T HIUR 14 5%
JE A M R BT PTCHI ) 3G AR B3, 2 e vk
FE AN L Jes R R R 2 GorlinZi A i — AN 32 BARAE
WA FR A HT A T IR 2R AR B B R 4
CREMEH, RILT 95 Yl BRI PTCHIRAS | 15/
B, PTCHIZE& 82 IR EAEI , TR &

2 5 FUIALFRERE FE AN M98 25 511 (nevoid basal
cell carcinoma syndrome, NBCCS)JZR M, J14 K &

Ji¥ B B4 B J% (medulloblastomas, MBs)F1 3 JE A fif
RIS BAL, ImRHE TR, GILAE R R4 i j
H RIE, FEHHMGI AT ORI 7 fa, HRik&E
/DR T 90%). £ HHAS S, A #H 4
TR T F T 1697 3 F 1t J5 JE 4 Ff e £ i PR 24540 Vis-
modegib, Vismodegib & — ! EL# 1) SMO A 1% 58
RSP, BT 20124 3R L [ & A
P )5 (Food and Drug Administration, FDA)FIRK ¥ 24
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i & 2 JR) (European Medicines Agency, EMA) L #E,
A LAHISRIGTT ANl & T AR BB G T 835 1 R B
IR AR g . SEZ A YE IR RIR YT S —
B, BV 2 R AE IR T R R TP AR W RE 3RS 1 IIm IR
TR 258, TR FH 2 DA g 2 A0 1) 2 JE 400 o s 2 8 1)
— PSR
2.2 HHESBRBIE=(AMARENLEELR

HHAC AR R LA H 73 W B3 55 20 Wh 1 7 300f
HHE H 77 A RN, B 25 BUM R I ORI A KB
PRETAIEFEAR AL 13 J1IESE £ 9, HHAE 5 7E =]
4 FL R (triple negative breast cancer, TNBC)J& T
2 i T g R R R A SCHREE T . SMOAIGLIT/ETNBC
HHERIA, o ERIESTNBCIHE R . TE AR
HRFEYIH RS, TAOZEPTH AR 17 Il PRAIE #5532
FFHH{E S /ETNBCH F H 2 AEH], HHfE 5165 53
iR S SR AR e A A 5k, S0 HH S 2 R 4 it mT
A= BCETNBCE A UG . HHIS 5184 S TNBC
AIT TR 245 2 1] (1) 5% 3t O 52, WANGSECIRE 51
RO, BRI 5 R R 4G v Reid i T I SHHAE
o I R Y 50 52 B T 24 I TNBCHIIR 7 7E FH .
TETNBCH, 8 Gl 222 R 39 Ik & 305 ¢ vy 1)
Jed 73 I FH IR B2 45 PR R 8 AR ORBT . dedlt, HANEER
HIWE It 22 3R W], HHAE 5 38 A 5 2L PR ) 30 TR
AL BE B ER N AR BIRZIE T
(RIS AYSEIR-EA:0] 1173 = KNG EERA R T
58 L e SV 2 b HH G B8 5 DRRFE B TS 7 30, 0N
GL#LFRTT R AL 7 BB LA .
2.3 HHIESEBEIEMENLKELR

Jiti e 2t S BBl P S T R b v e o R
41 B (squamous-cell carcinomas of the lung, SQCLC)
29 5 JE /N2 P i 1) 30%, 5B IR O 1, B
S0 I DR 24 i s %) 80T LB B e R, (R T A
(2 PR R R B E , DR R Z A R B IR YR 9T T
% HUANGE: P4 iR, 75 SQCLCH Gliff i
TAAT SMO, X 55 #L R i) HH-GLIE 2 B0E AN .
HUANGAHUR ) B B2 H i IEAERI 7 Ho A i PR _E AT
258, XL P RERE ) GLiZE . /N i
(small cell lung cancer, SCLC)/&—FZ & IFHZE N
Iy WA AU, H AT JC A R YT 7514 PARK
ST TT R I, SMOMIZH B EROT AL HE 1 /N s
et PRI 1 50 2 T BSGATAAR 1A /) B /N 200 e 1140 2B K
Ji& o AR, A HHE B0 a7 /N0 i

Jeri ] ARG A A7 BOBCI YR YT 77 58, SRAMHI i A AN A%
FENE/INAt R it R A kD BRg R B2 ™ /N
Jitrges FR A ¢ e B A9 ) SHHGE I A 5% 2 (A K04, SHHIE
JERIE GG A RAH W, # B HH-GLif5 5 R 5
IR T4 B R BB AR AL, I H AT R
IR AR RE SRR, v YR H RTCE R I R
B LAl

gi bR, AT E M T WS B Gl
WOE ML, A R IR %A 1& ITHHAS 5 388 i 40 1) 550,
I HAEHHAE 5 A HAh 80 1812 2 (B A7 AE 5 31
OUN, B RAERNGIT TS, BAHHE SliES S
i K S (PR A ML — B AR & 7 S B L
P e, (B BRI S 2 20, BAEA R
(I AN AR R, e N AERLEIA 7 3E— 2P 7T

3 HHESBERIETIFANAE
3.1 HHIESBRIFSHMARKMEENLE

A 2R S M A T A0 R AR A A i R R 4R
VERY. 6 Rz b, B3 (hair follicle, HF) ) —414H
i E 45 2 N 2 BE T4 [(HF 41 ffY (HF stem cells,
hfSCs)]“4), N2 HF (R8s A =C7E H A Hi sl
. fEERE b, KBS EXIRAZ W, i
TR K o HF I B A2 BHAH B I b e 248 fif 10 18] 78 )5
HRR R A E 5 IRE, JIREZ R E Kk B
Rl fE N, X — ik B RORAETE IR IR R B BT,
SUNZSE USRI 70 R AL, AHAR b Bz AR s 41 i o HHAE
5 PRI 78 BT R 52 05 B4 /0N B 8 B Bk s 5 TR
METE. FrAEHFRE S TR HFRR S, B
MBS ENEBRS EREEMIEIAE . £ SHHEEA
W (SHH /N, HEITE &S KA B
B, SN AR bR T SRS AT AR
AER A ERER . SUNSE VI SR B, AN g
15 B A I S PR A S 1 R 1 2 DAEE RN AR N5 3 B R
M) bR S50, 1IX— R IE BT N AR B )
AR R .
3.2 HHIESEBRIFITEERTHIENITA

ZE5E 2141l (germ-line stem cell, GSC)/& $&
PERE B oA o AR TE A M RE T B A, e AT AR AE
T O A A R P R A S | I A 4 i P [
VATT GSCsIrIISFE A M4, GSCHE 53 M Hid e F
¥ T4 Y (spermatogonial stem cell, SSC), 7E 4%
THOE PR Y OF LA 5 & 40 i (ovarian germ-line
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stem cell, OGSC)¥™8, JTAER I 7 KB, HHIE 5
T I 0 I L BN R 422 A 1T GSCs JE BRI I A0 555 Sk 52
Wil GSCs, AT 72 28 GSCs BAH < 5 K+ 7, i
TH A bBE 158, GSCsTEA TR 2+ B BRI
7E N A5
3.2.1 HHAZ 5 @8 2% R 45 7H L 30 4 SSCs Y 38 78 Fn 43
& 20144F, SAHINZER I, 8 0B R 701k
SSCsfy P4 55 v m] DLAS I $IHHIE #% AH 5% 2 R HH,
PTC. SMORIGLI)¥: 5, thbh, fERAIHILA H B,
B IRSSCsi% A 7 4k, (H/ESSCsHy £ &= 38 I 1.
I, A AT 142 H SSCs ] L I HHAS 5 1 H 43 WA 3k 4
Rt ar i B ¥r . [FI, SUFUZHHIE /2 H 1
B BT, TESSCs/r b FIAA RE AT I F . SR,
4SSCs/K B 1B # B A 48 J i), SUFUR R IE AN
W7 3 I I 40 G e S0 P, AT S B0RE 74 g b
DHH{E 5 4=+, PRk, FiisE SSCsH 204k, 'eAT]
FIHHAE Z G AWK . HHAS 58 B X SSCs 3§
FEAN AL AR BRI 52 . 38 I W FUHHAE 5 18 B 1
T A SR AR BESSCs O SE . /A BB T HIML
i, AIE ARG T JohE 7R B AR 5 SSCsAH < 1 5 ik
AL TR .
322 HHfz 5@ ATOGSCst) #7h  GUEKIH
I} (ovarian surface epithelia, OSE)H 1) _F 7 41l iy 3
B b AA A, e LA iy bR 1A 78 i Ak
(epithelial-mesenchymal transition, EMT), & | &7 4 ffy
IR PR S AR Dy () 70 o 200 M 2 T e S i
WY, HHAE S 25 7 HAMH 20 EMTR,
B3, fEIEH OSE R W E | SHH. DHH. PTCH.
SMOM Glil [k, (HIX LL 2 [ 1K 72 RAE
A SR IR b BT, X ALF-3R B OSEfE
IEFIRE N EABUEHHE SIEEg ™. S8, #f HH
5 T 2N SR A M T AR D A
UL R A (228 B, 5278 HHAG Sl v e S 5
OGSCs|r B 8 i U iER . 7EMIALhYIiG JLON S 1
VIR B, HH PTCHI GLR % 57K AR AR P,
A S, WD ORI i ah B9 BRI 2 i AR A A A TR
¥ 9(growth differentiation factor 9, GDF9), 75 54k 4f
J 43 W DHHANIHH® . 28775, H BTLANE 2 OGSCsH
FETAFAEPTCAISMO, WIRAAAER1E, BRI HH
55 A PR R T OGSCHIIEAE 1, a2, A
OGSCIlfg n LA B EEAG A= FEAH i T e Rk R 314
BNV -Ra e

4 HHESBEBITHERZNEIRELR
HIhge
4.1 HH{ES BB EIEHERNEKFHE

Wity LA P8 B o3 A A A B
B, O HAS I B A S A ThRE. A
PR IR0 R TR T B B9 5K R 3T B (1038 B
JT, BB T A H AR M AR, R R R
IR B S5 41 i) (basal radial glial cells, bBRGCs) A= [A] i
R 41 i (intermediate progenitor cell, IPC)%5 FE it P4 i
Y O S T i N K= g S
JCHCE ()38 0, DR ARG T4 228 iy A 10) 5 B A G 5
HE 7. WANGEEPOR A 7T R W], 45 4 V3% BRI SHH
559K TObRGCHIPC, JFi-T 1/ BUBT B2 B4
&, MSHHAE 5 1 E R N> T bRGCHIIPCHIHU &
T 2 BIR /. SHHAS 5 6k 2 3 BUA A i, X
Fe MO A BR 2> B I R e, 3R T
RS o A R A T PR T £ H A B (%) DR G 3 L
TR /NN KB TP, 1% 2 B 5 i B ASE 2C% R AL
il 2 FE M ph 22 R AR FUR I RN, #RTHT, SHHAE 5 78
NI bR B T M ANIE 2, W FiSHHIE 5
A] BE 2> TER PRHT 52 o & & AR AR AL T R 4
BAEH.
42 HHIESEBERETIESMEMNTTEEE

TG I R v 3 S 2 ST RIEAZ AR DR ) X 3,
BRI S M 22 AN IR B B 2 A i R4 T SR 3 S [
BTG, FECRMEEIG R, H AR
T B, SHHAY S G ) OB 15175 3 1 1 15 pif
2R, BEME UM R SHHZARIEES S T
— RIS ME TG Sl S E T, FElE CALH
CA3HEIRMIZ JT, 7ERT /R KBRS (Alzheimer disease,
AD). FVAISE AN R IX = K 2 R G e A
5y M I e kS A1 45 9. MITCHELLSS 24k fi &
IR, SHHAS 5 71795 I 441 20 0 1R 5 ik iy 24 i PR 485 1) R
Dhaedrett, e F Y6 YAOSEPTH)
SEESIESE T SHHAS 5 1@ 2% 0S5 3 R i 5 pf
ZICHIRIEK, TR EN R B A4S, /£ SHHABCT,
SMOTER R b [R5 7 2. 35 38 0, SHHIR AR H0IS S 20
WLEh & B 454 5 1 PEN 1 (profilin1)/K~F-J+ &, PEN1#)
WBhiE B 45607 SR 2838 8 PN 98D Bk 1 SHH
PSR RAEK T, [ BT 45 SRR, SHHES)
71| SAG(smoothened agonist)FJ LAIY ¥ 5 i [C 45 & fiE Al
ADAH SR /IN BB o g B R fid ] 2R M AN % [R] 2 2] 1
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TR B, i — BT SRR SHHE 5 25 P 7E
F5AD HIARSE R R ik R HILE P %) S 0e) v 2 ()%
T ISR T AETE T i 4b, PR N AKRAE NS
S AT SHHAZ U TR i R 6 32 (it BRI FE A
43 HHESBERIAERAMEERNAELR

RFTJEAL, PR AR T A AR R &
PAME R AR E L, M HA BT 467 IR R D e ™,
CLAA LR~ 1 SHHAEME KA BE ST R 42
RUTIR T RIE T ORI EE . SRS —MEH
Z Pl 2275 5 R 1 1 22 IR 7, R SR o AN Ao
LIBATVER R b LUt e AR, R I D)
REVER 0, BEFTERIT, ] SHHIE B SMORH 2 12
¥ Fi6 56 2 300 2 o i 2 A S I A ASE Y o 42 Tl ek 2
FIA FIVE RS, i Bk (electric convulsion, ECS)A& ¥
I7 HHBARE B — T 22 1 15 77 200N, BCS T (i3 e i
L Fi A 20 B ) 3G B, X AR FH AT 8 SHHAE 5 2547
VPR 2 (ke 56 42 BHLIKT B GLilA1 PTCH1/2 SHH
RSN ik 3 tat 7 N W71 R B S
SHHE % 53 Bk MM i ik 2L 2 b Glil . PTCHI1AN
SODI (superoxide dismutase 1)JF&IE /D, RN FEF
Wi 235 K& FEARARRRIAT RS 3G i, R
SHH/E 5 18 6 F 98/ DN EE 17 R BRU AR I 1 453 £ P27
SR TR R A B R S 1) SHHE 4 -5 110 i J e 52 2 44 7
[ R A S, SHHIE I g MIE 241 iRk
AT 0B RE B AR, FE AR N AR S S RE AL 1 I A
5 5% PA) B 24 L 28 S S PRI TR 000 SHHRE DAL ok
/INBR ) i b B R B AT OB U R I, SHHE) 2%
AT LA P J5 R R IECT [B] J  h F s, I B
SR B . TEEREY HHAS 506 T4E R A& 0
PSP IC R DG ERE , T fif SHHAS 5 76 25 Fhdh 48 264
RS2 B R Y, R HERR T SHHAS 5, ATTi$2
AR R AR RE T, 0T AR K SHHIE B £E M 42 1R 4T
PR BRI PR S 28 DG B3 | i 4 48 R A A I
Pl s SR E R

5 HHES@RAIERZBXERNASE
AR

H AT (0 782 B3, A4 Rk Py SHHTE 14 B i Fifl
RIS R . ARV 2 NS M ()9 22 B
TR JEF S Ty AT 00 281) 5 K1 i o A 47 B e o o 3Rk
HHAE Sl M. S8, HHE S B 5EFEANEE. 18
PR IR AT P 95 F1 28 5 14 5 11 56 FR el 51 R A ATT Y

KR, LUCASEE IR H, H5ERAH S T4 o) 5e
N BT BRI 5 5 R R IR AN T THI
5.1 HHESBRBIEMIKFECNLZE LR
KRR mi ) R —, O
i I8 1 = B R Rl 2 — | e 5 H At pe 2 AR
WA VIAOG, BAEAU LR G AEF 28008 PR , BT
T AR B e 22 ML, LA A R G L 2R
(95 B AR BEARAE 1951, R B LTQ-Orbitrap XL A X
5T T AN 0T I R 2 AT B 40 T R W, THHAR(E
T N WA B HR & 1 (very low density lipoprotein,
VLDL)417r 1, (HAEAE T HoAh i 3 A 2 A 410 [k
%5 5 I§ & 1 (low density lipoprotein, LDL)F = % &
i 2 1 (high density lipoprotein, HDL]"H' . {5 F AH
A @) 754, MR NG H 4 25 R 35 JE2 A U ) SHHAN
DHH"7. [R it I [ 35 25 3L 2 5 i HH ) 38 2%
DigetEM . HHE 57> TAER 7 — D EERHIEZ
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IR B AT BT PR P B 9 F . DASHTIAI
() [ 05 Y, HHAS 5l B8 ) DY REAS T F 32 240 &
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TERAE I PR N FH A A
53 HHESEBRAEREZEHEXAIRNERNALSE
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