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AR : 4b 2 Bt (ceramide, Cer)1E ) — b Ab 22 85 5% fig o F, R AL 40 I A9 2 B AR 5~ , T LT AAE A B A0 4E 5 45 S0 209 =12
1, B mpasg i i RAE A TEEPEDGRAT . Cer 696 AWM BT 4 F M B LA K& 202 Fo M % 7
v E B % A, Cer 7T VAR H 4o I 98 3758 B F ao(Tumor necrosis factora, TNF-o) it & . W & 38 5 Aol 97 25 40 5 tm I IME 5 An
ZARE, L BT A R TR R A SN R TR RS AR MR T R A AN mAeA TR AR, Cer it
B Jun B K % ks (INKs) A £ 5 AR EE QB / tafeIME 5 R & & 585 (MAPK/ERK ) #= P38 2 T i@ % A R K G
B %G8 D &G #5481 (Protein phosphatasel, PP1)f= & & & i B4 2A(Protein phosphatase2A , PP2A) 5 24 & 4 F A~ At
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Progression of Mechanism that Ceramide-induced Apoptosis of Tumor Cells*
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ABSTRACT: As a kind of sphingomyelin molecule, Ceramide is not only the component of cell membrane, but also can be used as
the second messenger of various signal transduction pathways involved in the regulation of cell proliferation, differentiation, senescence
and apoptosis. Synthesis, metabolism and signal transduction of Cer have a close relationship with the occurrence and development of tumor,
even with drug resistance and resistance to radiation therapy. Cer can be activated by extracellular signals and receptors such as tumor
necrosis factor alpha (Tumor necrosis factor o, TNF-a), hormone, ionizing radiation and chemotherapy drugs, the apop- tosis of tumor
cells can be induced mainly by the intrinsic apoptosis pathway and the extrinsic apoptosis pathway. In the process of apoptosis of tumor
cells, Cer mediates the apoptosis of tumor cells by activating c-Jun NH2-terminal kinase (JNK), mitogen-activated protein kinase or ex-
tracellular signal-regulated protein kinase (MAPK or ERK), P38 and other signal pathways, meanwhile through effector molecules such
as protein kinases, cathepsin D, protein phosphatase 1 (Protein phosphatasel, PP1) and protein phosphatase 2A (Protein phosphatase2A,
PP2A), etc. This paper reviews the research progress on the role of Cer in stress response cascade and apoptosis of tumor cells in recent
years.
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1.1 Cer By3ER
Cer BY7=A4: FEA LT &% : (1)Cer B MK A s #E, Mk
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AR, BRI Cer {5 {7 40 ML AKCT- 1 20520 Q)& g i
TEARZ ke & it ( Ceramide synthase, CerS ik F AT 4E %, Cer™®,
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AN G 0 e B 1) — Sl Bz L SR FEAE R A RN g R 1
FHT A Cer; (4) G BETE I e BEAE T AT R A2 il Cer®;
GIWEIEALNEZAL B WK FEIE B Cer; (6)IT K M HE B Cer i
AT LGHE R 2 BER -1- BERR(Cer- 1-P)F7K fig 7= A1,
1.2 Cer EMZEA
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1R OhE e
2 Cer 5B 4H AR - B & £ ALHI

2.1 PMhEEREATHSE

FEFRAE T AR T R AR R Wi g, ISR IR R AR T R
Tt R B [ i (caspase) 380G A O - Hi— B AMIEPE R 1%, 23l
T ML M S T 2R L A R R TG caspase s T RI Y PR R AR
SR 3 G AT R TS PR TS caspase, iXSEIE LI
caspase PR 20 P ) T ELAR IR AR DR AN T, TR M
SMEHEIR TR R LRI A o RN, 40
T/ Bel-2 5 KGR .
2.1.1 Cer SPBRAE TINEMEE  SMNEMMT BAE Y
LA AR AR T2 ARG, A R A o X SRR I BT Sl
T IR RAE K (TNF )8 G2 4, 0 6f CDI9S (W wlii
FAS .APO1 #1 TNFRSF6) . TNFR1 (i #% & FNFRSF1A ) A1 ity
JEIEH FAHCT T FREA (TRAIL; HgkFRA APO2L FI
TNFSF10)f1H5Z{& TRAILR 1 (%K} DR4 Fil TNFRSF10A )
1 TRAILR2( g #K & DR5 A1 TNFRSF10B)(Fig.1), CD95 #ii
TRAILR (175 1k 38 12 #5855 i ( sphingomyelinase , SMases ) 4 1
B B AN 2 A% T Cer f7KSF- 520, X281 5 caspase
HE AT LA T AH OCS, AEAR Cer & A R EZMF 5K
X IZXFRAE 4 S A N5 55 A O R 1 B2 R
FELSHZH G, 3k Be b IX T RE I Cer A RAT- T2 22 Fh R
FRIIRYT HUARE, 8 Cer & 4E X TRAILR2 1 CD95 34 Z 7] {ig iff
TUHE S FHEFHIE . 7E AMURARAE T, — S E Bk &
BEAMHR M 2 2 B1 AT CDI9S 41T caspase3 {4k K
T AN, i KK Cer 5 R4l -R CD9S fé i
FE SRR T-AC, 28 CDIS NS HIME S @B MIE T- A T
Cer,

TRAIL #5035 5 i AN A FE T 5 LR 88 40 L 235 s 24t
FIVE S A M P AR K () Cer AHICIR , 7E3X — i A8 b % # G HAE
FHJE CerS6, H 3 T AL AL T4 5CHY C14.C16 F
C18Cer (R4 . 72 F s 4D, CerS6 J24Hi TRAIL A4
ST AT (1, CerS6 FUFEALTT LA ] TRAIL 451
AT, HEAh, TRAIL 7% SMases 52 16 P &R, I Hix
— AR AT A Cer M5 IR MM T [RII, Bl Al il 52
TRAIL P51 CerS Hili# Cer Bejgt, MIMHNHIE Cer & X 1)
A TRAIL i SR TE T . 5 CD95 25K 2, TNFR1 {2
3k v P § 6 S % (neutral sphingomyelinase, nSMase ) 1 iz 4 ¥
5 g it (acid sphingomyelinase, aSMase) f{) 7 1k, , SMases 7% L5
2 Cer 7E R FAFLIRE AR b S 40 . ZEXTZL R8s A8
AR AYIF 5T R & B, A1 Cer SR IRFEIRF o 4HHE A
F (TNF-o ) 1753 FO 40 M8 T2 AR OCER S, SR, v — SLAF 5Tt
7, Cer BJAE JTE TNF -SRI 0A 7 AR AR AR
W, [RIBFIESS Cer A1 TNFR1 A] REAE[FIVE FHIA R ANMIZET , X
AT BEAZE Cer B4 N1 TNF BY5- AT 3G 58 T TNF {5 5% 2 45
e, N3 TRAILR B A BTG, T Z BT 9845 R B 4 E
B Cer FIl TNFR1 #Ei5 2 A0 MAE T A AR AR, 7R 40
TR SMEE AR T, Cer th AT L3 5 F M 4 FLICE )i 2 14
(cellular FLICE inhibitory protein,c-FLIP ,— i caspase8 1] | &5
H )5S A T (Fig 1) 3 & AR TE WUB B A e 5 o RT3
Jif 988 L c-FLIP (1) ¥ J2 38 1 Cer 4 59 1 & A J# i B

(PKB/AKOFY I TH T SL A ™M 1),

PXSERFGY R, Cer SZAMEPEIH 1238 B AR O, B 1T B Cer
BAEXIET ZRM R 4 H TRAILR (RS M S5HMET- 0
W o JERRELLTT RG] BE SHUFE T ZRME 55 TR A H ¢, Cer
AT RE BB TT S 2567 BT 7 1
2.1.2 Cer SRMEMAT RIRMERE LR RNEERT
ARG (1), INTEB RSN ERR AR AT LI i 41 )
c-FLIP . caspase 8 Fil1# W BID (tBID )& L zz X & A4 (& 1),
Cer J& T—REERUKMESIR, 774 T BRI N IR AT T
HHHNIZ Bl Cer W B 42 MBI G AL BERRLAA , 3X T3 IR N
Cer MR FAHMIAT 5T, TCie /2 ARG P9 ™= A= sl A 4t
i) Cer, #BA T REAELRLMAGE TR — RI(F 55 Fmife
PRYR T2 R BRI IR Z R P9 AR B 1 2E W g , AT IRI4E
Jihed AN ARAET

SNBHERTIRE
(The extrmsic apoptotic pathway )

MBEATIER
(The mtrisic apoptosis pathway)
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Fig.1 Extrinsic and intrinsic pathways of ceramide-driven apoptosis in

cancer!”

3 Cer 5 EBEMTHIER

EAWTE SR Cer 7RI AN IR T K% T2 AL
1545 DNA #4515 ¥  TRAILR 15 555 AR I 11 - T
MTE AL FhZERI KI5, 4101, SMases E 4 IEBH J2& i i 7132 1
AR AR AE O 2 A A P Sk R 0, 1T CerS O3S T AT
A Bel-2 MM \pS3 4 IEANT IS, BUA AT SO
Cer {5 Sl EK A FANEIA T A Z DR P TR.

3.1 JNK

c-Jun ZIEAGIEG (INK) J2A 2250 245 A0 2R 1
(MAPK) ZEHE R B0, 17 ELJ2 20 M A 5 S A A i 9 T Y
BT o Yul ik R L PR A S B BRI 5
Cer HYVEF, AMAT 1A 3, BRILFFETE SR A7 5 KK Y Cer i3 £
55 CerS IGPERYSRA G, AR, 2 INK3 B DK bR/ Bk A=
TOREAHBA7 , RS I A /N B R AT AT Cer AR BUAA 5 R
WA XL RAR T INK X7 A Cer 1) L IiF {55 T GEAT ] 1
PR
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3.2 MAPK #l1 ERK

TEMFL ST HE A 3 & MAPK {55 Sl % NG
AL R I /c-Jun 2R i (SAPK/INK) . p38 7 22 /3 34
TEALEE R (p3 8-MAPK) FIZH IS ME 5 385 21 e (ER KM,
Cer MR INT3 T PP A3ksE . AT p38-MAPK 1) iR
ko {H 2 Cer i p38 -MAPK FH- A JZAUMIFET (138 30 FR1E o At
R T LA o0 2 T B S 200 o v A 2 S PR A Y Cer 1Y 1L H
ANBEIIE p38-MAPK INK Akt ik i R 1 s 1% i A ki 7 g
it CerS5 [E A Cer 19 & BB FIRTT IUAE R o TEIX A
Hirh | Cer W] BEIH 1 B AR A0% I B2 175 51 p38-MAPK 554 &
RARGERIAEA . X FE IS Cer BYX R MAPK {55 7F
AT BRI A RE0h e, ERK & MAPKs %A H 2
G2 — VA AR T R R AR PRI,
EFZ MR AR 7E ERK B S8 6 ik, JLHEREAMA
M3, ERK A5-558 B B0 M S G s 07, (e U945 43 551
AR C2-Cer(—Fh/E 55 Cer) AbBE A 45 7985 HT-29 2R 1K)
KIR,C2-Cer REME DK HT-29 45 7 i 4 ffd v 1Y) ERK {55 3%
7 MR AT T
3.3 p53

p53 B—FEERE, S 5MMNIF L EEG5H FERRZ
A BRI, Kim™SERFSE &3 Cer A LU i G pS3
ST, B P53 A BESE Cer (U PN 4> T Lin"% A ()
5T e PRAE A DR S 4nforh Cer ] #il3 ERK 1 p38 MiHEE 1k
MAESARET, HX—id BAERMA R EEE -2 1 p53 #iR
AEIE NS, W32 HF P53 ATRESE: Cer BY R UERUN 4T W A o
B AR RIS A S22 B C2-Cer 1755 B ik P 12 200 b £
AT, H p53 mRNA FIEE (A9 R0 8 B p53 /Y30l 57
PFT-«(pifithrin alpha, PFT-a) A fig il il C2-Cer iR T, #E
M Cer FH AN TV BE5 p53 B TLK,
3.4 bax

bax B[RRI AR T & A —FP L AT 2L, J& Bel-2 &
HZR G — 5o bax FEAL TN, BE R T8 R A%
PN I SLORR ARG, & |, W SR R B % C
HRE ORI TN caspase AT PN A0 MLAY I T A FE 2R
FHAMEHE C2-Cer 1T IRHNEABE SR M3 N B 40, &3
Cer REHETE N J7 4l il bax mRNA il bax AR, M Cer
ATfEE I I bax BFRIBRIFFHMMMT Y, A FHRREDR
TR ApoG2 5 Cer Hplnl 2L [R5 S 4 MM 1= 5 A Wk, i
P S A, AR MU AT #8 5 T 8 Bel-2 F 1A
Beclinl [ FRA X
3.5 Akt 1 NF«B

Akt Z 5 AU AR K AR Bk SR A AR A
NG o Akt e IR7EFLIRE ANt A0 AR RS A BT 2, it
A, Akt 2 A EOE BOIE S0 & S BUR AN LY T2 . NFkB,
RAEA I SR, bl & AR M v AR ARG R Gk
P4, Gowda®E A 5E 25 5 B C2-Cer MIPLILFHRUN 224
AEAERTE H1299 Af0Ay I T, (K, Akt Fl NFkB {555 %
AT RESE— MR HT I8 BYR YT REAE A RS0

4 Cer BYEHBN 4 FHER T BIEA

BB T LA, Cer S FANMISET 1 ELEALNL 701558
TR . AR Cer 3R E AN, HATEATERE X LEE

HI B S EN Cer MROBRBIZN 73 F 125 M HRFL TP/ 75 .
4.1 PKC{

PKC{ ZAE#27 PKC, Xf YR FISMEPE Cer B HA R
NP, Cer A 838 i PKCL 435 INK F1 Akt {5 5310 1 20 g 184
A o PKCL W] il i 4] aSMase f9 P s R AL A ] Bax
IR R IEHTE TR IR,

4.2 R B RREUE B E B BB / AR HDHI B F (Ceramide-Acti-
vated Protein Kinase/Kinase Suppressor of Ras, CAPK/KSR)

KSR A figS2: Cer i iy 25 UG . SR, Xof T Lot
VLK Cer Xt H#d I HLHHAS A 8 . BasuSEBFFE 3R ] C2-Cer
PFRAMISET A BT KSR {55 5%4%, HAL A Raf Ras il
Bad, £t , Lee™Fth (1 [R] 5 £ 288 72 75 KSR {5 SRR A7 7EM
DIBY DI S AN IRME Cer ARZS &, 300 T8 F1 Y JBUBEAL 32 2 i
B AR IX — it B P A] Cer {5538 B 175 S 40 S T AL T3 A A
o
4.3 FE A #BiERES(Protein phosphatase, PP)

Cer fEHAEILIG PP1 M PP2A, IXULHERRBERETE T £ X
P2 MUAF T ST, B4R MAPK {55442 Bel-2 KR L
caspase, W5 s PN IE: Cer Xt 1 fil ) 1 478 A/ 2l i 22
AR ER S E XA KEEM M, Chalfant 2 45 % 3
CD95/Fas 415 3k 5 LY Cer I I 22 2R / A 2R & X
A LBRAEEA PPLAKI M. VUMb, —Fh DNA 45
Bitky7 245, AT Cer A2 LT 3U Bel -X F1 caspase-9 Y5512,
MO E H R AT IR 4. PP2A AT LIS EZ A
Bel-2 FjiEHE A E#RIL, 245 Bel-2 ,BelxL, Bim 1 Bax,
ANJE Cer 1[5 5 Bel-2 1 Bax [y 2 ®iafb, {2t anfi T,
PP2A 75 Bel-2 ZEiRE L2 & 5 WNIRTE Cer A XAE FrtfiE o
44 HLAZBE D

HAE M D (Cathepsin D) J&—F g A KA ZH & 1
fit, HEAII N R—F Cer 85581, AL D- 73X
-Co6-Cer 1, D- X - B2 it b PN {2 ik 2H 23 A g D 3% 4k,
D- 753X -C6-Cer RJSIGR RSN, Cer R A I ARSI
ZUE AN D KR HFE AR ARG EE TIERHA,
TNF-of TS FAH LR I EE D BOE &A 1T aSMase 1™,
TNF-o/ T4 B 75-5 caspase-9 Fl caspase-3 B4 VLB 20
SUREIBG D M50 & R0 R A Brmdl, HED Cer T REVE A
SUR NG D 1Y BilEE5 0 IR sy .

45 Hih

Cer T A o S W A% A2 4 IR 15 3 W 125 Cer IA W] 5
b AR UG R Y S 075 S 6 I3 46 IR A 1 R TSR 200 e 5 A1
TR R A

5 RE

Cer /N5 —FEHIE KE T E ST, BahZMES
i %, FEARMIR T A A S A R R A AR B
2 50 M R S50 A 2R e o BEAE P R o R I
RS 00 L A0 T R AR 14 2R R A TR R A 53 B R0
Oy T B, A e — A B A 2R R AR T K A R
AL B AR A IR R Bl T XL 22 B 14 iR 7 4R 1R
A SRR , X & S R B 2 4R A — A I B4R =, PR
e AL Ay o 28 P A £ S D 6157 T 8 i Ay BB S A T
Trike
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