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The Role of Pathway-Driven Neuro-Immune-Programmed Cell Death
Interactive Network in Intervertebral Disc Degeneration

ZHANG Yanjun'*, GUO Jie?, LEI Ling’

('Second Department of Spinal Orthopedics, Gansu Provincial Hospital of Traditional Chinese Medicine, Lanzhou 730000, China;
*Graduate School, Gansu University of Chinese Medicine, Lanzhou 730050, China)

Abstract IVDD (intervertebral disc degeneration) is a critical pathological basis of chronic low back pain.
Its onset and progression involve mechanical damage, inflammatory responses, immune imbalance, and multiple
programmed cell death processes. Recent studies have shown that the TLR4/NF-«B inflammatory signaling net-
work can promote NLRP3 inflammasome activation, oxidative stress, and ferroptosis, and jointly participate in
the regulation of PANoptosis together with apoptosis, necroptosis, and pyroptosis. DAMPs (damage-associated
molecular patterns) and inflammatory cytokines generated by cell death further induce immune activation, neural
sensitization, and aberrant neurovascular ingrowth, forming a vicious cycle that facilitates IVDD progression. In
light of these mechanisms, TLR4/NF-kB, NLRP3, GPX4, and neuroinflammation-related pathways have emerged
as potential therapeutic targets. With the development of exosome- and hydrogel-based delivery systems as well

as multi-omics technologies, future IVDD therapy is expected to shift from single-target regulation to multidimen-
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sional network intervention, offering new directions for disease-modifying treatment.
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HE1E] £ 1B 4% (intervertebral disc degeneration,
IVDD)/2 18 4 L 1) o B Bt 2 — 1. BlsE A
F 2w b S A2 % 77 %, TVDDAH &5 B dH ek
K0, A5 H A0 PRIE TT AT CAGE A 9 R X3 D RE A
I, SR R BIRAS NG o AR G RA Bk
N J) 38 s AL IR R IVDD R AL 1 B EFE A, 1fi
MAEF R ZUEYE BB JORE . S 1T R AP &L
HIEH AR B O E Xo IEFHER 2 B A AT
B ) S R SRR, U PP 73 A A PR, REA% S
Mo SN e R T X RRE RS M, B
AR, A YEIRRRR . BOR AR A R e S A
AL JF (extracellular matrix, ECM) &l S 2UR A
Ji B B B RN, A TR A 52 R (1) B A% 1 SR B 5 o e i
PR R T AN RPEIA R . X — <R AL B
e 2k A0 — PN U P i R R I R T A R — G —
FEF IS T (programmed cell death, PCD)%Z H.
W2 a3 s T A o 2 e ) N U 1 B R S 45 4
A3 T4 3 (damage-associated molecular patterns,
DAMPs) A] # E VR M . B SRR ZE R 51, 4k 1T 55
S IR IAFE A F -a(tumor necrosis factor-a, TNF-a).
40 B/ % -1P(interleukin-1pB, IL-1B) Az IL-62% 48 i
AR, FFE IS TollFE 3244 4(Toll-like receptor 4,
TLR4)/#% A ¥ -xB(nuclear factor-kB, NF-kB)25 56K
P AT T ik — 3P OR RAE SN o 5 582 1) 98 9 i) ¥
NI HEpR 22 K K F (nerve growth factor, NGF)
R0 54 4 42 5 #R [ ¥ (brain-derived neurotrophic
factor, BDNF)Z& ik, HEZNEBEML T H KN, [AI 7
FHER B A ANA R B PCDARE . PCD2IE
FERNE . RIS SHL IR EEAT . BRI T
PLAL, T2 (pyroptosis). £RAET: (ferroptosis) A S IR
BENEPH T (necroptosis)iX J8 48 fiE AL T 20 IE 4%
A RIER, Horh, NODHE 32 A AR 1 45 1 180HH O £
1 3(NOD-like receptor family pyrin domain contain-
ing 3, NLRP3) & M/ IMEFT /- 2 1 A T2 (R IL- 1B
IL-18F1 =3 #% % & (4 B1(high mobility group box
1, HMGB )R, A8 280E SO 1G58 BRAE T 18 2k 2R
£ IR AL S A e TR S A A 4(glutathione
peroxidase 4, GPX4)[1] 57 i i A AL 5145 B4 I 4E

intervertebral disc degeneration; neuro-immune interaction; programmed cell death; NF-kB;

RAEH 2 T (PANoptosis) it — 78, A [F PCD
75 A (B AT REAFAE R 06 R, (HIHLAE IVDDH 1)
YERA Rt — B3RS . H AT <IVDD 18 £ 2
LTI EBR A RIS, A, % K PCD—
HRHR SRS AR R, ©F TRR I,
TLRA4/NF-kBAE 5 5l ] e /& 2 0E J8 2% 0, REFZIA L
PEPERIES DAMPsEGE , X500 NLRP3 % 14 /M
T AHARIET R SORE =5y Wb, RIS, 4HAE T B &
FH DAMPs A IR i3E 98 i S #ih 22 Ak 1) [E B AU, T
FCRRSEPE R e T8 % BB (1) 22 — 6 g% -PCD A L
W25 7E IVDDIF FL A BB L. ALRG T
NF-kB. NLRP3{5 il #% DL Bk U T X PANoptosis
SECHETT ST /E IVDD R IE AT . ECMPRfif [ K T T
B IVE F, SRR RS U TSR M S A B A 4

1 PCDIEAMME -G EMLERIIRARAKIR
B

PCDZ4EFFH LB M EEAY L. AR
T, FERFSEAUMORIL . 9% R A 35 K S A S E
N, MERBLYE M FET S 5 5 S, TS B A
Mgk . ECMA RRAE S NI, it — B iR
TR . S5SNI R T 5 305 e 57
(U s AN, 4R AT 72 & B, IVDDH f £ Ff PCD
ERAAEILFARZE R R NGS5 X RAEEBNE S
AL X DAMPs o] {E N E B A R SE T 77 (1)
BEEA . H, TLR4/NF-xBE S AL T 0E [ v
i, AT JORE KPR, NLRP3 % M /MA S
PASCEA REOKE, R DR T BRI T K
HoAth e AREMEFET 7, Kk, PCDI-AEIVDDEFE
AR A, T ER AL s UL
18 S SN [ B B TR AT
1.1 TLR4/NF-kBESHNSRKERNRIETIE
&

FEMENR IR AR FE A, S HUMR gy . Al e
2 J 1 4545 7T 5 S DAMPS B, £0.35 HMGBI
ATP. ZEFi{k DNA(mitochondrial DNA, mtDNA) A&
ECM [ fif Fr B2 o 3k 4 py Y5 fE G 15 5 T i =X

A 524K (pattern recognition receptors, PRRs) 1,
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Hop TLRAZ AN T 90E A B (1 B B2 45 . TLR4W
W, B EERE LR ¥ 88(myeloid differentiation
factor 88, MyD&S) K #itif A 554 FiiERC R, i —
5 BOH KBS (IKB kinase, IKK)E &4, fE#ENF-xB
p65SIVHEHE AL, 55 TNF-a. IL-1B. IL-6%5 4%
FER T #RIEE, b, NF-xBAU S 5 SO B 722,
A IS 4% PCDAH G HE R Kk o 1, NF-xBAJ {2 i3k
NLRP3H pro-IL-1B%% 5% , N9 M/ IMA B & HE LAl ;
7 o 368 3 8 AR SO S R i RSB T R A . TR,
TLR4/NF-«kBA5 5 fllie) 5 1 R 16 2H 23450 7 2 1 5 4
P12 RE [ O H JE TR SR AR AL
1.2 NLRP3&M/MASHET

M A T — R Y (Y SOEME PCD T AU,
B E AR M MR caspase- 1366 PA S TE &
D(gasdermin D, GSDMD)/\ 5 [y 41 ffa s f 522 001, 3z
R TOR I, BTN S e A D Re i,
A () S A B3 A B DI AR G . TEIVDDIAES R, ML
I 90 PR R DA B S A A 473 35 T {2 i3 NLR P3
RN NETEA . FLEEE HERA SR Hk,
TLR4/NF-xBif #i& i#f NLRP3 Al pro-IL- 1 B2 AH ¢ 5>
Tk, BEJG, ROSTAE . ZRkiiAdings LA K 40 i A 55
TR OB LI M/ IMA L | fifi caspase- 1 B -
TG A5 1) caspase- 1l i 24 /i GSDMD JE 1l JIE £L 45
o, 51 EGH N YR, TR {2 2F IL-1BANIL-18
FRARE TR, H I e J0RE PR LA B R 1) 55 40 Wb
VEF , 4R A% 24 P AN G028 41 i m] 32 23— 2D 3k,
M AR S RAEIA ST . b, BT K E
DAMPsIE 1] BE {2 32F 18 o 28 AR e VAL, (R
KT AN IRRE R, 3 9E RN 5 P Bk
FIEAZRE. K, NLRP3/GSDMD ] fE /& i 41
PRZET: . G g% s DL PR T i) E A
1.3 SRATHSEUCLHSHEEAIERIR

BRAET 2 — P A5 R 52 B 2 RV I A 46t
PR At T o, R A FESSE FRUE R .
JIg o I S A 38 0 DA e A RE D R R . 5T
TN, BRAETE A = BEAR M caspase KKk , 11 /2 A
GPX4ATh e BEARA AR B A AR B0 32 B AE 1Y,
HETA) A 2H 23K AE TR EURIC S R IR B, A H6 4
P RE B U . IR AR E— B N E I, ROSFEAKX
ERFEE N, LRAARTHREZ N, PUAMN R G K
11, FEGPX4/I i B F 0 TR 51 11(solute carrier
family 7 member 11, SLCTA11)/r S g i AL i

BREE NI, RAE YT R A I RAT I
AN, BRAET IR AR T RAEZ AR BRAET R AR
7 A B SE AT SR 40 B BEE A D fE K15 5 0T
g% SN, etk — 5 (i 3k NF-xBAH G 48 ik 188 6 1
e R, BRAETI ] REIE I A B 0 — R S 2
JEFET I 2 5IVDD R 2L fE .
1.4 PANoptosis/T S Z#PCDEI{1ER

LA, BEA PCDBE LA RE, MEFUE 1R T
PANoptosisiX —H AL T-Hizl. 55— 040)
LT AN[A], PANoptosisAEH% [FI B B A FE T, P T2 DA
MIRFEMER T2 Z FAL TR Y, HAZ O FF 2 TE
R E A 4% D BE ) PANoptosome & A& . H BT A
4, PANoptosome 3 6045 2 A4 A0 FAF F 8 1 Il
1(receptor-interacting protein kinase 1, RIPK1). *%
R AR HAE H 8 1 3§ 3 (receptor-interacting protein
kinase 3, RIPK3). -/t K41 8(cysteinyl-aspartate
specific proteinase 8, CASPS). T A KB s A
(apoptosis-associated speck-like protein containing a
CARD, ASC)PL NLRP3%5: 8 (), X865 T Al {E
RAERNBFAF T FEZS 5Tz,
$eos, AEFET: 7 X (8] ] REFF AR B IE A OC &R, 1M
e AE FE [F) ) R 3R AR B R B b PR R R T I 5
FEIVDDHE T, DA IESE IR ZORERI B, TLR4¥H
T DAL AL RERORT RE 5 5 25 1UL PANoptosisRISET- 3
B lhn, FF 82 RONEA B RENS [F] I (i BENLR P30
caspase Z TG4 L K RIPK AR A5 S 58, M
ZE @It FZ 5 WA . SR,
H 192, H T PANoptosis?E IVDD U AT) J& T ¥R % i
Beo BUATRIE ST 45 R 32 BERUE T 40 S 30 M S A A,
N B HE 5] 4% 240 2R A 2 75 17 75 BH 7 1Y) PANoptosome
HEWEAE, LR S50 ™ EAR L Z B K &, 1)
BRZ AR R . PRI, ARCR T EAE S AN
73 [H) e e 20 R R A AR i — P B E L L SR H
1.5 PCDZ[EBIHEE T K L& RL

£54 HATHE /¢, IVDDH (PCDIF A . — g 4k
SLIZAT, TR AE I [F] SOREIAEE N T8 B 5 25 8 4% 04
2 (K1) RAERAT S 2 FAET T A D 0w,
1M FET I B = A2 ) DAMPs Uik — 25 (g 3 98 9
R, A5 B A B fr 8%k . Hodr, TLR4/NF-«kB3:
BN TS T IR RAE 5 3 5 NLRP3 R /A
25 JIEPESET AR 5 UK ; GPX4/SLCTATT4ERF4
I8 5P Ali R T BRBE T ;1 PANoptosis U AT GEAE
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Table 1 Characteristics of different types of programmed cell death and their roles in intervertebral disc degeneration

FET A T ERHIE PSiiis SN HIVDDIH2E &

Death type Main features Key molecules Inflammatory role Relationship with IVDD

Apoptosis Programmed cell Caspase-3, Bel-2!' Relatively weak Leads to a decrease in nucleus
reduction inflammation pulposus cell number

Pyroptosis Inflammatory NLRP3, Caspase-1, GSDMD!"! Marked release of IL- Promotes inflammatory amplifica-
lytic cell death 1B and IL-18 tion and nerve sensitization

Ferroptosis Iron-dependent GPX4, SLC7AI11, Fe*1's) ROS promotes inflam- Aggravates oxidative damage and
lipid peroxida- mation cellular functional decline
tion

Necroptosis Inflammatory RIPK1, RIPK3, MLKL!"" Release of DAMPs Promotes immune activation
necrosis

PANoptosis Integration of RIPK1, RIPK3, Caspase-8, ASC, Comprehensive in- May be involved in persistent

multiple death NLRP3!'™

modes

flammatory amplifica- inflammation in IVDD

tion

MLKL: JBA 1 RIAG S g .

MLKL: mixed lineage kinase domain-like protein.

RNEMICTFE P RS HIT G o XF0AR H 52 1 1 4%
U, PCDIFAEIVDD R AL K JE I 55, T i
B R G2 SRR 22 Ty B 5 AR 1Y) 2+ R B
BE— D A AL T B (R A 30 R, KA B
T AR IORE v (B T TR S

2 HZ-%E-PCD3 E MW4Z IR EhHE 8] £
IR i#H R

UTAESR, MR Z IEH R, ARG, %
F5: % PCD 2 [AA77E 5 2% U 3 6 & L JE I
TR SN s HE JE F S L %% o FEIRAE LI, LR 11
TR ZERTTh AL T R LA B R 3 2 (I IS 7T 5
S 7 A SR, R R B M (S
B WG, GUEAIMEEEE . AR TR PCD
VORI . BAELORIE b R, R
() DAMPs XS SR ARk G 28 S 17, 55 5 b 26 K 1Y
R B R B I JRE — T N2 Rk
Wik, [, IVDDH UMZ . S Bt 34k
AR LM S (55 B A T R S [ AR
B %, SRS R
2.1 GREHREIIR: HEZ- FE-PCDEE MR
[TPEH

M T 255 7 TE H0IR S TR LA 5090 01 Gh 25 o i
HE, Ho P 200 B 15 A0 G 2 G5 2 TR R AT B
B ORI, BRI . AU R L & ECM
I e A, AR 2 B SR (7 S B 2 T,

JRE RS R A M. Kk, F BEbE R &
PR BB 75 AT A A 42— 28 -PCDAC EL 45 1]
Pl FEIRARFR R, B A% 20 A AN 2T 2 A A0 R
I HMGB1. ATP. mtDNA M F& fift it 56 J5i Fr Bt 2%
DAMPs /) T REAS WG B AT . A SE0R 40 i 45
PEAR, FRAR R R R, H, TLR4/NF-kB
55 IS H SR 5 T — PR N RE SR ORE R
75 FESE 9 R AE XOAT O B R B T REAIRES , R
AR T BT RPIE TS PCDIERE . B
AR AR AL 5 FIM1 B B A0 A = A R EIL-18. TNF-a
FL-6, AT HE— AL BEBEAZ AR T2 FE T RBRIET S
T M2 2 5 g 20 ) B A — 5 I 20 S UE RN 2 E 2%
AR MY, R AT b JORE A B S A I TR
) DAMPsit— D {2t AL AN e e AR K, i
GoJB WG AIBE T S 0k 2 S I R IR B AR
(R R IA B o
2.2 PCDIRFHRFEFFLEEF AL IE R IRIFES
TEIVDDIEFE A, PCDFFA A2 5 4 g 2 Pt 5 5 ik
| TR IR IR R E N R 2 5 EOR YR . lln,
AT RAE G, GSDMDA S0 fmi 24, A 1L-1B-
IL-1855 40 K 7 K BRI TERSE T FE v =2 1)
AN 0T B8 T e A P, R I ROS#EE— 2R
2 RAEME I T2 F1 PANoptosis Il AT B 18 i B e 4 g
PR 43 1 58 R 8 JORE SR Py X BB T A O E 5 e
i XoF R 9B 90 Lt R 88 3, A L e R — R
JiE B (inflammatory priming) = [ IR 2, AT
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3 25 W N IR ARG S S USRI, AE
I8 Sk — A3 AR A SR I RN 2 b A T e P
FSHE 2 MR NIETFEF . PCD5 SO0E Bl it
“Z0 A BT TR JI D AMPs— 9 12 B — 48 JiE UK 484k
I ) 0 R 2 2 7 o WO 132 = W 13 ) 4 ¥
IVDDRF 4L (%00 1E S U507 B . 31X — 1 R ]
RESE SRV DDRRSE i AR DL () 55 32 5L A
2.3 HIF-10/ROSH] §E 2 # &% &-PCD3Z B W
RV E TR

MEMRFA A TR A IR, HARR M duE T
2 2R GH M 5 EE AR SIS LML 44 1R Thag . 2R
M, FEIRARAS T, LRI RE N FEANE F7 28 e b i ik
— PN EAR AR, AR S SRR A . (K
A5 5 AT -1a(hypoxia-inducible factor-1o, HIF-10)
VE AR SR L B B S TR 7, ISR A N AT g
2 51VDDZ% R B A2 % . — 1, HIF-1o88
% R 1 7R 57 B AT RN T M B R A, 8 4 B R
AIEL; 07T, FREETH S ) HIF- 1ot W] GE{R 1
RIER T RIS, ARBTG5 2. OfF
W3R, HIF-105 NF-xB2Z [AIfE A R 5 & .
9% JiE L BE % 184 5% HIF-1afg e M, 10 HIF-10. X 7] #E
R 3 JRE A DG HE RIR L, AT T AR A5 2R AH FL
TRHERPIRA Y, b4k, HIF-1oib 7] fE 2 51875 NGF .
VEGFEM S F: R T3RIE , NP LT 4k )8 A 8]
BN KR, BRHIF-1o4h, ROSHEiERZ A
PR EE S 1. KRS B R
LR RN HR IR S5 1), [ BEA% A NF-kB. NLRP3
HRIER S, MR EIET R A Kk, HIF-10/ROS
AT REIL [ A OB BRI JORE OB Al BE T
DA e S ) B B T A . (2, H AT DG T HIF-
108, ROSTE A4 4% -PCDAC H. W 2% J& ] i 425
S RIIEFEAT) S R B AR CHLEIAR 9T, HAE IVDDH
BARES AR AR SR ¢ R AT 77— 2P B8
24 HMERBHERRAFBEAFREETRR
DEZ8E

A 1) £33 38 A8 A DG PR I AN B 76 4% HH A 2 45 1)
IR MR, MR o A KR SORE B R R P &
BAE . IR HER B s = E B A A, T
IR R, RIERIBO] 5 F NGF. BDNFLL &
VEGFS #4787 K TR =M, (ks m &
Y RATME X IAZ N . BEM A4 R
WAL R IRIRAE 5 , IR P (substance P, SP).

B 45 25 2[RI AH S K (calcitonin gene-related peptide,
CGRP)ZEHIZIE 2, X L7y REfE i — 0 52
2 6 P At S % A0 B D R, R 3 2ERE R R,
22 Z 40 I E S Al bl 2w B JERE T A% 8 I B RSP
CGRPE 122 ik J2 [ 38507 e 928 41 M 5 FBOR 2REAS 5,
F LG K < % 9 BIR B o £ B 90— 28 R S BT 8 1
SO 3 IE S AR B
2.5 WA HR-PCDXEMSESERERMEHIE
PRAERE

TR RS B BN R M2 3, BE R
FIRVRE SRR EN AT —. WrEHE
MR 7 H B S5 (P TR SR AR, (E e IR B 5 i
B0y HR S R AR A TR, 0 2 T L B S S L A e
SRURRER . X —IRIER, IVDDA LSRR
A TS AR, T R AR
G 58 IR 7K BA B p 4 B AR FE 5 DI AR O o il
53 B EECORAME A48 e FE T AN B Sk, {HL ) 38 28
K F /KP4 s, %S NGFM CGRPRIE &1, 1
JERBE R 2 R RS AL T v FE UBCIR S, AT 7= 2 B 9%
Yoo AR, TR SRR AT B R R A0 AR A E
KPR PHEKNFEEA IR, AR AT RES
A R, #2—Gas -PCDAC 4% 1] BENARRE
IVDDIff PR 7 i AR AET B AESE . ARG IR VP
ARG b, I T B & RAEAR S K
S TEAR LA S BB AR IR AT 455 I

BRI S, W& %% -PCDR H MK AIL T
IVDD H B — 4 2451 457 1) 5 G 1 s 34 8 428 % A8 1)
W HUBCRIEOR A G 1R VIR &, S
DAMPsEE NI JE ) e JSE; SREA ST — {2 ik
PCD, T4 T 7= A 5 5 X 3k S 38 5 5 92 S0 e
JIFAIME AL . fEIX—id 29 , TLR4/NF-xB. HIF-
la. ROSELK NLRP34E K5 7)1 7] BEIL [ 2 5 [ 2%
. BEARHFTE A HLE 6 = B AR IR, 2
Z N 28 A5 B A TVDD S M i3k F S P 9 2 i it
T

3 HEEEZ-E-PCDR H WK &R
1EimIaTT RS
30 HEKXEBNES: AEHE-H£E-PCDAL
B W& B _EisE0E

TEMEI SR AR AR o | FRETEE 0 AR 5
AR R 4T M BE TR 2 B ) B IR B Fy . Rk
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BT 9 0 JE AT HEAT T 90, A A 2 BE W e s gk
JRREERN . HATo A 2 S R LT
TLR4/NF-kB & NLRP3 % - /MAi#E g . A TR
L, TLR4FNH 7 Hi 7D FE4E (resatorvid, TAK-242)HE 1
D R R TRk &, HIRR 285 ROk T R
Y M ThRedbif . TEANYIREALH, H0H] TLR4/NF-xB
10 % W] PR ARCME [R]85 2 2R 6 R 7K, Iz ECM PR fi
HFERY, R TLR44M, MCCO501E y NLRP3 53 14411
HI55, AEREHNH] caspase- 1366 LKL IL-1BFE I, %
Tl 98 i ME R R AR h R I B I BL R E R . 1
IVDD#F 7T, B NLRP3 o] fg i@t i A1k 4
GG SAE IO SR, JRE N B A — e B B
M, REE RET RS 5L E, RILKI. 3k
R I 1 S FD R T 2 R A S A, A
— B,
3.2 AT5PCD: EREEZMRTFESIhEERRE
PCD /& BEA% 41 B e T B 4 H o0 255 5 AR
HELMEEER, ST MRS T O T T, A
A i A B i A T 5B AR T o ) LR . BN AR
T- KT 1 £ Fl 58 NLRP3/caspase-1/GSDMDAF 5 4
FERE, L BHAG & M /AMAR I3 S5 B0E , Re TR
IL-1B. IL-18%54% R M BRI, Jak4% 289 A 3 1 48
MBET: . X TEIETCM S, S A b A K F 1)
1002 B GPX4/SLCTA T LB kBB T30 75 Fer-
1(ferrostatin-1) e 98/ 5 i i 84k W) &M B, 4%
fife S LT R B 4B B £ ). E TVDDAH G A 7t
1, SEIRGPX4FRIL RE ) BURSS B 15 ST Re A Bh
TR A TN GE . PANoptosisiX —ME& ) H B,
N ER RS- IE PCDZ ] ) B[R] 4% 6 R 24 T H
P, (H S8 2 10T T BAN A TEVIP IR R B,
v ELER DR SRR ST B Ja S AL B %
RN P AE TR A R AN F I A 2 S5 RE R, Bk
B 2RBETIE RS, S 5] R HAh ST R R
PRALME B -
33 HMEMZERERM: EREERRMIIE
HE BB AR 5| A PRI, A HR B AU T i
B, RIEA SRR 2 S A 1 AE 5 B UL [ B T 3
FKHMEM . R EHARERBE, ZIEKhs
SN R YR, AR AR AE S IR R K S R R . R
WFITIESE , NGF/Trk A{ 538 I G 8 2 5Tk e 22 2
Y42 NIBAHE R B 21, TEORIR IS 5, Hif) 2 %
A T A 2R PR IR o AU ) 2R A

FJ71A . {ENGF[E N A&IHA LSS E Sy 14
HIhRE, KEAPHBZE M ok — B R AeRRE, BT
B — D e A R  R R o ARRENXT
HE 1] A% 1B AR IR 1A, AR PR T 1] 5 b, B2
IR T s &~y 2 [ (W AH ELAE Y, JE I 8 )=
HACRERIE PP R A RO,
SE PR A ek 2 P 0
3.4 MEEERZIFREWIEEIRIXE RS

UG H AT O KB 28 RE A 4H i A8 T8
PRSI FE, A0S IEAIF 7 1) I PR L FF 2 A4 AT T I
B R PR b, MEM A LN s = . HEUEE
RE 7776 B LA Je 0 25 Wi B I B AN 2, R BRVR IT
RORMBEEFNE. L5454 2577 Nl T3 LUk 3|
HE A 2R B, AR AP AR IR TT BRI R G RIE
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