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Abstract

Parkinson’s disease (PD) is the second largest neurodegenerative disease after Alzheimer’s dis-
ease. Its main pathological features are the degeneration and loss of dopaminergic neurons in the
dense part of substantia nigra and the formation of eosinophilic lewy bodies in the cytoplasm of
residual neurons. Its clinical manifestations are static tremor, bradykinesia and muscle stiffness.
The pathogenesis of PD is extremely complex and has not been absolutely clarified so far, but the
existing evidence shows that inflammatory response, oxidative stress and apoptosis are closely
related to PD. H,S is the third endogenous gas signal molecule after NO and CO, which has the ef-
fects of antioxidant stress, nervous system inflammation and apoptosis. In recent years, it has
been found that endogenous H;S can pass p38-mitogen-activated protein kinase/nuclear factor
kappa-B, Kelch-like ECH-associated protein-1-NF-E2-related factor 2/Anti-oxidant reaction ele-
ment, protein kinase C/phosphatidylinositol 3-kinase/protein kinase B/glycogen synthase Kki-
nase-33 and other related signal pathways, which play the roles of anti-inflammatory, anti-oxidative
stress and anti-apoptosis respectively. This review describes the research progress of endogenous
H,S-related signaling pathways in PD, aims at providing a theoretical basis for the clinical treatment
of PD.
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1. 5]

4 A% (Parkinson’s disease, PD), M 44 fEWURRET, J&—FiE AR, RN, (R TRl/R %GB
TR R IBAT S M[1]. £ E, 65 % AU ERRFEE 1.7%E4 PD, PD 4iEH R H KIS
BT P ER [ 225 RO ISR [2] . PD R 25 LY BRAFAE 2 i 2 R SR 2 T R 8 TR P R R R AT
P22 0 M 5 P BRORE R I K B /AR, I B BRI SR A R AR R R AR, SRAILAEE. #abt
EEL. 1EFIRGERMIESRATE RN EERHEMIRREI[L] [3]. €4 M1k, ZlE% E(L-DOPA)RZIGIT PD
A2, AT LA PD B PR I AR, {2 L-DOPA AREFH LM EHEE, KIWARA$SL PD %
Wik 2= 5| IS B G S R N, FE I A S5 | S e oA V1] [4]. R PD B BAR I AL ] i
Koe Az B, (R FOER B SORE OB A S ORI A0 R T 7E PD 9 (R R P CEAE FH[5]. PRI, B
PD H RAE SN ARG RO A I T2 1K 43 AL, T RE 9 TR AYG YT PD SR B8 I B4R -

IRALE(HS) B A A & 4k — AL R (NO) Il — AL (CO) 2 JE I B — M IR ISR B 501, S5
ZFP AR PR B L FE[6]. PRYRME HoS FE R L LM EBR A L-[A R e BRI, 7E AR E-B-5
fit (Cystathionine-B-synthase, CBS). Mtfiifik-y-2 ik (Cystathionine-y-lyase, CSE)FI 3-37 Jt P4l FR % fit
(3-mercaptopyruvate sulfurtransferase, MPST) AL T A [ 7] Hor, CBS Z#& RS & HS B 3%

ik
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B, CfEWRS . W AR &3 CBS MIFRIA[8] [9], PRk, Mxrh ¥R HoS (K 2 kT
CBS 1284k, W, WM HS AMUEAR G KR, AR, 4eRrgiiun PH (A5 5 %
AHThEE, BEMEIBIT R R EL R P S EEAEM[4] [5]. B, CBS dRIATAEH H,S fiifk
A4 PD K RERMEAZORY, BB H,S & & #20 PD FIEURIEFE[10] [11]. 7£ PD Zh#tisdrh, K
L H,S Al 2 M E 5 A% SRR HH] PD ) SORE OB A SR AR IR T2 [5] [12] [13]. X Llah R4
AT HS KHAH S Sl v By PD VAT UB Rk . (Rl FRATIAE Bt R HS RHAN-S 1
FHORAT B BRAE SORE RS AL BRI 40 B 0 T R I R A E AT 2508, B 7E N T AR YT PD $R 4L

W
2. R H,S #Pi p38-£ R FENE B M/ 23R E T Kappa B (5 51EH%
RN AAER

2.1. RiF H,S 5 p3s-4RFFRUEBEONMBESER

1988 4, McGeer S5 [ 141K LN 7 A i 24H 23 r (1%) B ot S0 A AE S B I R A A, 1 IRHm 7 1 #HEs
RAEZH PD WIAIR ML« PD 0 P /0N 53 20 Bee 0 S — 2R 51/ N RS A0 AT AR IR 2 B 1 DR 7, v
P i 58— S L B A B (Inducible nitric oxide synthase, INOS). ¥4 -2 (Cyclooxygenase-2, COX-2).
e A 4N A 45 [15].PD &8 & 4t B rh, (1 2-1B (Interleukin-1B, IL-1pB)+ [/ %-6 (Interleukin-6, 1L-6).
iR SR FE R 7o (Tumor necrosis factor-a, TNF-o) #1fli % ¥ (Lipopolysaccharide, LPS)25EAi 4 41 i K 1 %
SLARFISZARA G 1, BRI IS 1 22 24 535 10 B IR (1 4 (Mitogen-activated protein kinase kinase of
kinases, MAPKKK)BE Ji5 ik 22 24 J5U3E 4k B [ I (Mitogen-activated protein Kinase of kinases, MAPKK)
(1] MKK3 Fl1 MKK6, 5 245 5 M0 p38 [15]. p38 MM A i ik i B AR <F 1) = B e 0% S B S B
B MAPKKK. MAPKK Fl£2 247 1% 4 2 (1 ¥ (Mitogen-activated protein kinase, MAPK) [16]. p38-MAPK
ST R HE R 3R IA B B T TR -, 25 PR /NI R 4 M FH T R S A R A R e 22 SORE[17] [18] U 1Y
Pp38-MAPK 1] FL 12 0 i 55 PR T BB IR Ak T 1 MAPK % 1L 2 88 2 (MAPK -activated protein kinase 2,
MK2) IRt 5 P49 BT (2% [19] [20] » BERR AL S0 9 MIK2 2 (2 {8 /)N i 57 4 AT 2 /2 12 it 40 LR T
L DR 5 08 1k SORE SRSE, T 5] SRR T SCIRAR Hh 2 ERZRE A 22 J0 AR VESRBE[19]. W TER I, H,S 1T
0T ) p38 A% #: X T Kappa B (Nuclear factor kappa-B, NF-«xB) il 1k 57 — 244 (p50-p65) 1% 5 if &
BT R AE 5]

Hu Z¢[21]i83d Western Blot 734t &30,  AMEIEFT A VEE H,S il %55 LPS X INOS ik iyl i1 H
Fe s A KT NO B9, i A4 S 1 p38-MAPK #1171 SB203580 3 il #idb HY %248, #m bik
HFERTREVS K p38-MAPK 550k . RIS, AMJEMEN GRS 8 (NaHS) Il SB203580 41T ik 2 k> LPS
721 BV-2 /MR T4 p38-MAPK B A K Il 2 5 7 TNF-o0 FRI700A[21] . X KB, HoS £ BV-2 /)
2 I3 248 B P ) A A P S 40 A a1 p38-MAPK V& P SEBLIK, 1IESE H,S W] i i #if] p38-MAPK 15 53
PR AEER S URAE ] . R —Fh i T 800 PD (RN AMRAI R . 76 RN S S A& R0
J(SH-SYSY) i i v, ] NaHS W BH 1E 1 B i 75 3 1) p38-MAPK BERR AL, 13055 1 R AH 5 S M &2
RAE[22]0 BEAF, FEH H,S AR S ARPT 2 25 A AT ARk TNF-a AT IL-6 FRE tHnT LA p38-MAPK
A NF-xB HGE A 2 HT R EHI[23] (W 1). ttkE R, WFFEATENE H,S tnfiy it p38-MAPK {5 5 il i
Ky 2 DR ux PD AT A B KRR L.

2.2. NiEY H,S 5## % EF Kappa B 5518
NF-kB 52 — M e 2% W MR T, NSRS KIELE PD B ARHLE] o &35 < B R [24] [25]. 4
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Ji 72 78 40 i DR 5 1 SR 0 A% e sk R B #| B 1 B (Phospho-inhibitor of NF-xB kinase, IKK), #% %5
K1 B #0141 25 1348 B (Inhibitor of NF-kB kinase B, IKKB)/& IKK & &9 EAL I AL, S 55 NF-xB
5T I B, WOE I IKKB ATRERR AL . 2 AR SR F- B #4) &  (Inhibitor of NF-xB, IkB),
kB £ 25 A B i J5 i NF-xB IBER 1L 7 — JE 4K (050-p65) S Bk NI HUR% , 5 NF-kB J M s 45 & 9F
Wod TNF-a IL-B. IL-6+ iINOS. COX-2 S RIEN T, & FH PD H £ ELRe M & ot T MR {k[25].
A SCHRFE,  RTE H,S i i HH] NF-«B {5518 B Uk PD S8 o (1) SO0 IS, 2R3 2 Uk RE
FHZ TEHIVEFH[5]. Hu ZE[26]38 5 237 M RN 5 S 10 PD BEAY, % B F e ACHE 5 (2 B 2 i 1 Al A%
1 p50-p65 & /K, BEIMEIE NF-«B, {B46 [ NaHS J& 7] 14 4 p50-p65 HIA% 547, iz 1 4% 48 4 bl 1
MR, B2 BRI CIThRE (LA 1) HAT, PPEYE HoS W4l NF-xB & FEHT 4 H B Ak
B A 52 4 1 B, PD ShA AR oh 3 6 3y p50-p65 MV A7 K% 5y 7 [5]. EAE, PURTE HoS & 75 ] Lt
NF-kB {5 5 18 i 1 1 Foe 4 6 W A7 B R FE BT R AE A AN 28 . BRIk, A58 R TE H,S 7E NF-xB
1558 T 1 B AR NS B T S4RIG 9T PD ABHE .

3. MRt H,S B Kelch #XEERREXER 1-%EF E2 BXE T 2SR
THESERLERSLNMER

PD 15T ML W ANE 2, (H 2 A A0 RLBORI 2 Rk Th Refafig 5 2 [ e R 42 oo S PR DA G [27] [28]
RGN H,S ARG AR —MoridJ5i 7], HPEME HS maEadd Kelch FEHRASAMHRIER 1
(Kelch-like ECH-associated protein-1, Keap1)-#% X7 E2 #H2< X -F 2 (NF-E2-related factor 2, Nrf2)/47i & 4k [
J% 76 (anti-oxidant reaction element, ARE){5 5 6 & # 5 K [ T A AE H[6] [8]. Nrf2 & —Fhifil 15 2 Ffi ik
RIFER BT, S 5REENARPN[29]. fEEFAEBE T, Nrf2 256 Keapl 454571 T
A5 1 [30]. A AL ST, Keapl it Clu3-E3 Bt Nrf2 iz AL AIFEfE, Nfr2 e 5 T
Keapl & A [ R IR 3L 5 Keapl 4388, BiJG Nrf2 G4 24004% 9 5&A ARE FHIHIE I T454
FHBUEDUAA R R A E B B % [29] [31]. ARE 2 MW T ote, fEE T RSB R T E 317
Hl, G4 e KA 5 (glutathione reductase, GR). 73 2R 2F It 20 R % H2 i 1L WV 3L (glutamate-cysteine
ligase catalytic subunit, GCLC). 72k V- It 2 R 1% 42 iy 12 115 7. %% (glutamate-cysteine ligase modifier subunit,
GCLM)%[29] [30].

0t H K (glutathione, GSH)ZEHTEAL B R G AN #H & AAIE ) AR A O LR h e 5 2R, GSH 1)
FHE AT LLEZE 2 R 2 o B2k, AT IRS PD #E A RAZE FI[32]. Jain 55[33]H
ARIE T HpS i B GCLC #1 GCLM SRIGAAMI A GSH FPEMS IL-1B, fsmifh & v feidid
Keap1-Nrf2/ARE 1558 & $E4E A LA RISAE A - IS BRI 7EIESE T HLS i ik Keapl f#H 5 Nrf2
Y, WEEH) Nrf2 TIHEI GR RJRIAANEE, fedt e LA e H Ik (oxidized glutathione, GSSG)#44t A
GSH, I3 GSH/GSSG Al K7 2 I e 22 U I P E AL B RE /1[6] [30].6-F23E % [L]%(6-hydrogen
dopamine, 6-OHDA) 5 5] PD K RAEMEIR, WIEYE H,S IS Nfr2/ARE (5538, BT EE R
IS RKAEPUAA R E 4] (W 1) FRBFFER, AT HpS i OG5 5 I8 B AR HE P AL R
TERIMITE 7. PRI, 9T HoS 7E Keapl-Nfr2/ARE {55 i B H 1 Ak SLEE I FT B8 PD (2597 K 3

HHr B .
4. MR H,S MiEE R MES C/AIEEtALER 3- M Es/& B MEs B/HE R S AEE-3p 5 51&
BAESUATIER

R R R 2 i 7 R B, IR ME HS B AR A C (Protein kinase C, PKC)/# MRt LAY 3-4 ki
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(Phosphatidylinositol 3-kinase, PI3K)/ZE [/ B (Protein kinase B, AKt)/HE R & i fE-38 (Glycogen syn-
thase kinase-3p, GSK-3B){5 TS/ T -2 5 1 (B-catenin)iZ Z r« eI 12488 1 2 3 A3 npo i T2 K 7
Bel-2 %Kik, DAHSRAEH 2 Bz ReA & o Ae s REE DU T A [34] [35]. WUEME H,S ifid PIBK/AKt 15 51l
A GSK-3p 2i, TMkRRILAY GSK-3p n a5 p-catenin, B p-catenin 345 B4t h, NSIEHH
SEBFTMR 2 R A [34]. WRALRIL, I PIBK/AKt 15 5 Al {# BAD A1 Caspase-9 7£ P4 ) 22 R i T
W R, IR 2 EE REAR 4 TO A7 - BLAh, WURTE HoS 38 v] DLEGE PKCa #1 PKCe JEAYRAR 2 Bel-2
HIZRik, RIEPUFETVER35].

W78 2 B % X (Subventricular zone, SVZ)H HAP 4 41 B A= i 22 ELRZ RE AR 48 o0 ] i 35 3 15y PD
A TNEERI, FIWNSME PD B 1@ sh D RelEe . SEE A E EREAEIR, XIRME KA Re e
HIT BN PD [ AT AT 5 M [36] [37] . Wang Z5[34] & 1-H H-4-ZK %1, 2, 3, 6-UU&E Mg
(1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine, MPTP) 5 3 [1)/N A &Y, {81 ] NaHS 1E 4 H,S HIfittk, &I
HoS AU AT LARESE B R SUIRMA 2 B Re s & o i) & 2K, & AT LU i i 7 AKt/GSK-3p/B-catenin {5 518 %
e/ R SA 2 TR AR, UEP] T HpS AlEE AR PD /N BRI A Rk T R AEPh 2 OR47 Th g
E 6-OHDA 53] SH-SY5Y A4 i i & B, NaHS ii%: T PKCa. PKCe Fl Akt [t R, {EHiIH
TN Bel-2 k34 I RME A T2 8 (1 (BAD. Caspase-9 %5)Ki%, HESLAIEME HoS 76 PD H M A RA 1E
M & PKC K PIBK/IAKt 15 5@ #([35] (WLIE 1), Hik, FRBFFEHFE 7 NI H,S @it
PKC/PI3K/AKY/GSK-3p 15 ‘5 il i R 2 L e 22 TG (W AL

o L-6 J[IL-1B] [ TNF-a | (LPS
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Figure 1. The main signal transduction pathway mediated by endogenous hydrogen sulfide in PD

1. IR H,S 7 PD AN SN ERESHSERE

1) BrRIEH : B AN BRE SZ Ak 2R KR, HbiEid MAPKKK fil MKK3/6 &2 3G
p38-MAPK, i 1) p38-MAPK AJ BLH0E e s A -1 sl i T i MK2 [ (g gk R Ve BRIk . H
YT IKKB-NEMO B2 1L kB, BEBERILHY) p50-p65 1E kB P&k G SAZNENZ, WIEAH R AREA i IR
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P H,S Ji i 4| p38-MAPK Hl p50-p65 1% 7 fr K K HEDTRAEH - 2) FUEARI: WIETE H,S Bifl Keepl
WoiE Nrf2, BE ) Nrf2 507 2I140001% 5 ARE 456, 8 20T ZE DRI B (1 I 5 S R AP S
3) HIANMIET:: PWIETE HoS JBid PISK/AKt i& 2] GSK-3B, B-catenin #4552 41 fl 2% i 4 5 L [R5 5% M
ML R AL, BIE R AKUE AT 3MEE -8 4 BAD fll Caspase-9 Uik, that, PN H,S Al
i PKC SR{Ei Bel-2 RIE, 5 FIR(E 5@ FRIESIR TR

5 GRS RE

PURTE HoS 2 ARKILN S =MARE 5007, FEMEIRIT IR A 2 R4 R AR A
KEFFEY, H,S M FMAHKAS SHEEAE PD T E MG, NIENE H,S it p38-MAPK/NF-kB.
Keapl-Nrf2/ARE HI PKC/PI3K/AK/GSK-3B S5 AHRAT = Il B% R AN H PD H ) SOAE SN 8 AL 20 i 7
T2, BRI RS BRSO I 2 B REA 22 0. B AT AR R I I PR YE H,S Y77 PD B IR 2401,
B4 Sk im i A . 6-OHDA F1 MPTP i S/ PD U0 MBI AL B, IR TE HoS it FiR =%
BT IE REE APUR . PURA RO TA R TR, X SR PD KRR AR A — @ iRy R
PD MIAJmHLEI T2 2%, BAMAKRTE M. HAGIT PD R E@E 2 Ukae B RUT %, HemEas
M PRRER, HARERH BRI . Rk, FeA a7 2 F4RI69T PD HIHT 712k 5 PD T MK
J& o BRI S N IR YE HoS 7E PD A 1ME S IEER A2 o AL, KA B T BRATHE LF I EELE PD 1)
RN, At B R DL PD [ 1A 2520 32 8 11 S8 B R s
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