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W OE BESEE: AFEM, i8R 5 MUY B RS TR MR . A A B R
H T EER ., FalES B W RGA AR . FEEMFLFF A (L. rhamnosus) HAHUMRIER, (H)Z
EUAHLE M AT, T, AT L. thamnosus X A5 B G (CRC) AU JH T (09 520 FOvs ZE L
7% ¥ AN CRC Y HCT-116 . HT-29 DL K 1 % 45 I T Fz 4 B NCM-460 i L. rhamnosus 1 15 7% 3
(LRCS) iR ssm (E. Coli) WISEFE WM (ECCS) AbFRJS , A IANMITE J1 . U8 T 7K S R0 4 it J5 45
G3 Ao ffTH 3 kDa MU A R BT IR LW AR TSy (<BkDa) RIS 4 F 4l (>3kDa), 47
Br X A 2H 436 40 M T A S e . JE AT ] LC-MS/MS DL % 5 LRCS A ZC2H 23 i A 40 CRC 20 i A 35t
I S pomol/L Vi FE ()b A X 15 420 7 8 52 W 0 T 0 DG BEEA I P o 400 B O T B siRINA O i 68 S AR
WP AE HRORR o 43 X2 B S BRI ) -5 S AR 43 T B A AR A7 05 .

5. LRCS SR BEEARMVE P AE CRC A0 AY IS 1, HBH A2 CRC TR A T (38 P<0.05), Tfii ECCS TG
ERER (¥1P>0.05) . dE—00 &, (LLRCSALAF R AEr=/ Ll fE o A4 ) LC-MS/MS 28 %2 LU
Je B UE S BG RB, mWE-3-FLER (I13L) 520 CRC 40 AR I 119 L. rhamnosus JC A9 . 18 14 siRNA i
W, ¥ CRCUMME AR S 3 (SP3) RBRJE . IBLXT CRC 40 ML P8 T2 /K F . TNF-o B 2835 5 20 Mk
SEHTCHT LM (3 P>0.05) . 4 FXTEER L, 13L 5 SP3 MY K551, E551 flESS2 £ 4E#H HAEFT . #4 SP3
T B4 CRC 40 8 0 90 % Y SP3 5 A= 0 5t 3% 308 ok A1 SP3 28 78 W i K JFokE , 131 Rl LA HERT & Ao 4R i I 1
JKAEFI TNF-oc 43K (3 P<0.05), (EXFEFICHAEH (35 P>0.05) .

£59% : L. rhamnosus REME#E CRC AN (W 8 T, VR FHML I v 58 5 HAR 3 9 131 38 3 45 & SP3 119 K551, E551
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Abstract
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Background and Aims: As is widely known, the microbiota in the gastrointestinal tract plays an
important role in regulating intestinal health. Having a balanced microbiota can help prevent diseases,
particularly cancer related to the gastrointestinal system. Lactobacillus rhamnosus (L. rhamnosus) has
been found to have anti-tumor effects, but the specific mechanisms are still unclear. Based on this, this
study was conducted to investigate the impact and potential mechanisms of L. rhamnosus on apoptosis of
human colorectal cancer cells (CRC).

Methods: Human CRC cells HCT-116, HT-29, and normal colon epithelial cells NCM-460 were treated
with the culture supernatant of L. rhamnosus (LRCS) or Escherichia coli (E. coli) culture supernatant
(ECCS), and cell viability, apoptosis level, and cell cycle distribution were measured. The bacterial
culture supernatant was divided into low molecular weight (<3 kDa) and high molecular weight (>3 kDa)
fractions using a 3 kDa ultrafiltration membrane, and the effects of these fractions on cell apoptosis were
analyzed. Untargeted LC-MS/MS was used to identify anti-CRC metabolites in the effective fraction of
LRCS, and these metabolites were screened at a concentration of 5 umol/L to identify key metabolites
affecting apoptosis. SIRNA screening was performed to identify the target of the key metabolites in the
apoptotic pathway. Molecular docking analysis was conducted to study the interaction sites between the
key metabolites and the target molecules.

Results: LRCS exhibited a concentration-dependent decreasing effect on cell viability of CRC cells and
significantly promoted apoptosis in CRC cells (all P<0.05), while ECCS had no such effects (all P>
0.05). Further analysis revealed that only the low molecular weight fraction of LRCS was capable of
producing these effects. Untargeted LC-MS/MS identification and validation experiments indicated that
indole-3-lactic acid (I3L) was a key metabolite of L. rhamnosus that influenced CRC apoptosis. Through
siRNA screening, I3L showed no significant effect on apoptosis level or TNF-a expression and secretion
levels in CRC cells with knockout of the specific protein 3 (SP3) (all P>0.05). Molecular docking
revealed that I3L interacted with K551, E551, and E552 of SP3. CRC cells with SP3 knockout were
transfected with wild-type SP3 overexpression plasmid and mutant SP3 overexpression plasmid,
respectively, and I3L was found to promote cell apoptosis and TNF-a secretion in the former (all P<
0.05), but had no effect on those in the latter (all 7>0.05).

Conclusions: L. rhamnosus can promote apoptosis of CRC cells, and the mechanism of action may be
related to its metabolite I3L binding to the K551, E551, and E552 sites of SP3, leading to increased
transcription and secretion of TNF-a.

Colorectal Neoplasms; Lactobacillus rhamnosus; Indole-3-Lactic Acid; Sp3 Transcription Factor; Tumor Necrosis

Factor o; Apoptosis

CLC number: R735.3

45 W (colorectal cancer, CRC) 21 % |
5 SR ERCE WO Wi OB R, W R R AR SR T
M5 Z RIEHE . V25 CRC B0 AR 3¢ 1y XUK:
P, ARG A | AR R O ORI R B R
TE3E K 1045, i T8 B0 A W0 FF © BIE B 7E CRC &
Jo T R FE G AR T B gs AR TR, N g AR K
B (Streptococcus thermophilus) F1 B 25 ¥ FL AT
( Lactobacillus rhamnosus, L. rthamnosus) T ilF W] HA
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1.1

Silencer™ Select A 4l Jifl #8 1= siRNA 3C ) H 3§
R ATE (185 . A30095) . L. rhamnosus ATCC
53103 F1 K W ¥ % #  (Escherichia coli, E. Coli)
MG1655 (E.coli, ATCC 700926) W [ 3 [ #1717 5%
PO AE o0 o HCT-116 18 [ 7 I AT A ) B A R
oAl (B85 HCT-116) . HT-29 I H BT Sk A4
BHEARAR (485 JINO-HT29) . NCM-460 It [
MBS R A RA R (5855 H110) . BHIAG
oA e R RR A RA A (]S
CM1135B) . R M &EH 3 (Specificity protein 3,
SP3) il TNF- a 5% 1& (TNF receptor superfamily
member 1A, TNF-R1) @B ) HCT-116 F1 HT-29 4fl
Jid 22 fi Abcam 23 5] 3 FISEit . SP3 B Az AU 5k A
AR M FORE (K551A . E551A. ES552A) 4t 5t 4
FHA Yty et . DMEM 15 37 360 1 At 5t s LR A7
AR (525 . D917534-500ml) . 3— (4, 5-_H
FemEmg-2-F) -2, S5- T ORFELRALpamE (MTT) 14
ORI 25 AR A R A E (5845 MTT) . %
KEMH V-PEW A LR AR A RAR (52
S KAO717) . T-H LW E D (7-AAD) W H
BT T AR R A R A A (RS
A131295-25mg) . WAL DI BE N [ b3 A 2 FH A
BT (585 279945) o W5|WE-3-FLF&R (indole-3-
lactic acid, I3L) W H FiEH E4 AR ARA
75 196470-25mg) .
1.2 Ak
1.2 @354 FFCRCAIIE (HCT-116
FITHT-29) FIEH 450 12 41 H (NCM-460) ¥ T
5 DMEM #5 52 36 5 55 0 r A 85 3R 35 3 A 10%
a1 (FBS) . 100 U/mL ¥ 2 A1 100 pg/mL 4%
BT, RIFBAMIAE 5% CO,. 37 CTFEF, 1Ex
A KW 0.25% R I B§ I Ak o L. rhamnosus Fl E.
coli £ 37 CAH A KM T BHL W7 35 5% . E. coli
JE— M EAEBUR M AN SR AN, R D B X
Mo, W fE 5 3% 16 h )5 B9 L. rhamnosus By b %
(LRCS) FHE. coli ) F1E (ECCS) FHAE T4 .
1.2.2 @ k-Fagm el MTT I A2 76 0 &
MG ST o K AR LAEEFL 1.0 x 10° N4 i 32 R e 96 1L
e b, IFAEANTRATIE S 24 h. 40 AE DMEM 55 37 &
RREFR, WIMAFMWE (5% . 10% . 20%) B0
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VS W . Rk MTT I 2 % 22 72 bl & 20 J 2 5 .
MTT FHJI5E 7 49 %) £ 5 2o FH 8t A A0 4t 570 nm I <
A E WG EE (0D570) KB .
1.2.3 e —K-Fagm e AbBHT 24 bk 40 i Al
1E 6 fLi b, IF7E S AT 10% LRCS ., ECCS =X BHI fY
WA i g . AT A0 M O T, ek P R
M V-PE Fl1 7-AAD XU H 4% €8 5% DAk I8 72 248 A 19 L
), BEEEE [ V-PE F 7-AAD (0 A 4H & X 2> 1 H
W T M (BEEEEE A V+ . 7-AAD-) I3 06 1
M (JEEREE 9 V+ . 7T-AAD+) . KRBTSR
20 0 T AP U O T R R R
1.2.4 e Bl 2o A eyl € AL PERT 24 bk 40
1E6fL I, JF7E& A 10% LRCS ., ECCS B BHI ()35
IR R R . R T 40 M R I 43 B, 10% LRCS .
ECCS 8¢ BHI 2 # 1 d % 48 Jfd 9% [5 5 7 H 50 pg/mL At
AT WE G £5, . fd1 F] FASAria 20 B 43 1643 A B A 4y
6 290 J6 1 200 R
1.2.5 FeaRitAFRRitm Ak iHLE R THF
58 LRCS P Y 4T CRC 4 JE AR89, K 100 L 24K
i (LRCS. ECCS. BHI) MA&A NR (L2-&
KNEMR, 2 pg/ml) BY400 wLIRBUAW . B0
Jo . TS WL LVE R R 2R R B B N P R AT
HH AL 1S T (LC-MS/MS) 43 A1 o i il 4% UPLC
BEH Amide {4, 3% 43 () 1290 Infinity £ %] UHPLC % 4t
PEAT M RO AR (A3 (UHPLC) 088, R Tk
R A6 VEAT 43 M7 . 0~0.5min, >95% B; 0.5~7.0 min,
95%~65% B; 7.0~8.0 min, 65%~40% B; 8.0~9.0min,
<40% B; 9.0~9.1 min, 40%~95% B; 9.1~12.0 min,
95% B. TripleTOF 6600 Jii i {X H T 7€ LC-MS/MS i
2 o DUAE BAR 1 Jr R BCER K B3 (MS/MS) Ot
ESCES . 0 R AL XCMS (V.3.2) S2#l T LC-MS/MS
J I B A A B ME(E E R R IEE LW
CAMERA f A0 . PN 8 MS2 Bds )4 . A ZEAR i 4 5k
8t 5 A METLIN 1G5 4 850808 2 1 5 AT S A AR %
E o 1 R Mann-Whitney U RIS % e ) e 3% = 4R
FICI Y . 5 BHI B, ECCS AL, & & LRCS Hj##
J& P<0.05 (1R E A BoA Ry BA Ge it
1.2.6 4 F 334  f#i ] AutoDock Vina Extended & J¥
E AT %8 WF 58 . I3L 4 7 K A PubChem %0 5 J%
(CID: 802). SP3HYfbAKRLE# oK [ AlphaFold % 4f %
(ID: AF-Q02447-F1) .
1.3 SEitFE4bE

fifi FH A3 Student's ¢ K5 35 5847 P 41 22 1] A LA
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Z 2 Z 8] 1Y 22 5K 1 ANOVA 73 #r , SR )5 54T Tukey
M2 E ALK . P<0.05 NZERAESGIH %R L.

2 # =R

2.1 L.rhamnosus#f#l CRC ZHBERYIE /1
N T K UE Lorhamnosus 09 i 588 30 /8 9, {8
W Fh CRC 40 2 (HCT-116 1 HT-29) 1 1F % 457 I

A (NCM-460) 1E S Xt B iE 47 T 1K 4h D) fig 4
Bro H5%. 10%. 20% f&FL 5 % LRCS 5% ECCS
AbFEHCT-116 . HT-29 ., NCM-460 40 ffl, % ¥ LRCS
DL B A 8 1 =X B R IK CRC 40 i &R ) 76
(3 P<0.05) , {HXJIEH 457 b K 40 il NCM-460 1Y
WA B (¥ P>005) (& 1), X254
F W], L. rhamnosus 43 M {43 F 0] DL CRC 40 i
EOREAN

E1 AREERELE (5%, 10%. 20%) #ILRCS= ECCS X CRC #faRK IEH 4517 E K 4R AaiE ST a0 #50m
Figure 1 The effects of LRCS or ECCS with different volume ratios (5%, 10%, 20%) on the viability of CRC cells and normal
colonic epithelial cells

2.2 L. rhamnosus{gi# CRC HBaE T

b T i 72 LRCS #046i CRC 40 ML 3% 1 g AL, il
o 7 2040 R 1 Annexin V-PE F1 7-AAD ¢ {0, 52 8 1F
Ati LRCS XoJ 240 i 3 T 1200 B il J00 40 A By 52 o 45 2R
7~ , LRCS B 2 i #F CRC 41 ffd HCT-116 A1 HT-29 i
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1o (3 P<0.05), TiixfiEH b Rz 457 4 i NCM-460 3%

20 (P>0.05) (&12A). #HILZF, LRCSXfCRC
oA MY 20 B JE B A 2 T (1) P>0.05)
(K2B).
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E2 LRCSE{ECCSX CRC 4R IER

cells  A: Apoptosis levels; B: Cell cycle distribution

2.3 L. rhamnosusfXi§t#n I3L{&i# CRC ARy AT
N T WFFE | L. rhamnosus 7= 4 9T CRC 43 F 1)
FEAE, o7 3 kDa /88 U8 870 20 P 55 3% I W 4 A AR
TS (<3kDa) Flm T4 (53kDa).
gE R B oR, AUEE FH LRCS I 4> 2 4 43 4b B 4 CRC
21 A 3 f B S R A (35 P<0.05), i LRCS 5 43 1
A A X CRC 4B % DA MEER (¥ P
0.05) (EI3A). BbAh, KNG A LRCS F1 8 18 K
Ab Y LRCS #5424 BT B& AR CRC 48 i35 77 1) g
(¥1P<0.05) (K 3B). [RIAF, LRCS K% 145
4b P A CRC 20 A 09 W T2 K SF B W B T (3 Pe
0.05), Tfif LRCS /& 43 1t 41 43 %) CRC 4 f i 98 1=K
SEICHH B (35 P>0.05) o Ak, #OKIE Y LRCS
FIEE A i K AL BEAY LRCS ABOR B8 T 42 2k CRC 41 it 7
T-RIRE T (38 P<0.05) (E13C). Wik, xusbghf
W, L. rhamnosus 1 IT CRC H¢ PE 7] UL 4> F &=
<BkDa WAEEE 4> T % 3 T ORI T THEH M)
LC-MS/MS DL % 7 LRCS R4 -t 4l 43 h it CRC AR5
s S wmol/L Vi B ) - AR 15 4 &b ¥ CRC 41 i
HT-29, & SACHIY) 13L 6% I o {2 #F CRC 20 i Y 94
T2, JF HAFTEWR BEAA0N (35 P<0.05) (1413D).
2.4 13L#E5#1 SP3/TNF-o {21 CRC 4RI AT
T WESE I3L 52 M A0 B 0R T A B L A R
Ak B 200 M 8 T 38 B SiRNA JEAT R 6, & BRI SP3

© MR IT F EHH A FEEIH

Zhp L RARATIARERS BRI A ARETKE;
Figure 2 The effects of LRCS or ECCS on apoptosis and cell cycle distribution of CRC cells and normal colonic epithelial

ai i R AE TR F o (tumor necrotic factor o, TNF-a)
o Bt K2 B 3 (caspase 3, CAPS3) it K& H
fif§ 7 (caspase 7, CAPS7) BBt KK (AT 8 (caspase
8, CAPS8) E( Mt K& H 9 (caspase 9, CAPS9)
Y, I3L AL PR CRC 40 g HT-29 19 38 T /K - JC B &8
UeAE (K 4A) o R R B, CASP3. CASP7,
CASP8 . CASP9 Jj TNF-a [ T Ui 4> FAE I T-H F,
SP3 Jy TNF-« i 5% 5 X F . I Ik, SP3 5 CASP3 .,
CASP7. CASP8. CASP9. TNF-a 3L ¥+,
BE N BLIWEEAR . A T 5 IF 13L A9 #2 FR ] RE & SP3
H S5 AR, F A SP3 EBR I CRC 4l &2, & B 13L 4k
PR X SP3 i Bk CRC 40 L & 1Y 08 127K °F . TNF-« (1)
2 3K TKOF R 43 WA K OF- 5 I8 W1 52 e (34 P>0.05)
(B 4B-D) . i 4r T X4 & 8, 1BL 5 SP3 11
K551, E551 fIESS2 fEfEAH BAEH (51 4E) . 42
sm%ﬁ’*iiﬂﬁi%l_ﬁ# (SP3Y") F1 SP3 28 78 # of

KR (SP3YT), I L 4L SP3 R BR Y CRC 41 i
%, RILIBL AT IR 3 SP3YT 1t 2% 35 1% SP3 MR CRC
21 L 2 1 40 R 1 K SF R TNF-« 43 30 K SF (1 P
0.05), T JC ik B AE SP3YY i 35 1Y SP3 i bRk CRC 4H
JitL 2 B 40 B U8 T 2K SF B TNF- o« 43 3 7K S (3 P>
0.05) (& 4F-G). [FA, &R TNF-R1 33 TNF-o
BB EL A S, 131 % CRC 40 M 25 1 20 it U 12 7K °F-
JeE (¥ P>0.05) (8 4H-1) .
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025 divydony 2225didehycno-24.28p-Somovtami 53
iy 1 11-Hydroxyitamin D3

Glabric KIE
Y-

B3 #IBTH L rhamnosus XERFW S A: LRCS PRS- FHA B0 40 F B4 % CRCANMLIE T i52m; B: &

FKIE B LRCS =0 i K AR FERY LRCS X CRC 48 A5 5 C: LRCS HHER a5 BEALr sl o T 410 DL 2 0K

1 ) LRCS 4 FIAl K 2R BR K LRCS X CRC AR JA T A0 ;. D AR LC-MS/MS %5 LRCS %731 H2H 70 v (19 38
43F, eI CRC 40 T AR K i

Figure 3 Analysis of key metabolites from L. rhamnosus that affect apoptosis A: Effects of low molecular weight or high

molecular weight components in LRCS on CRC cell viability; B: Effects of heat-inactivated LRCS or proteinase K-treated

LRCS on CRC cell viability; C: Effects of low molecular weight or high molecular weight components in LRCS, as well as

heat-inactivated LRCS or proteinase K-treated LRCS, on CRC cell apoptosis; D: Untargeted LC-MS/MS identification of

metabolites in low molecular weight components of LRCS, screening and validation of metabolites that affect CRC cell

apoptosis
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~ s g, \ g™ 3% AN ot g o° 0 pM L 0 LM 3L
o e Nt RN B Ty [
A ‘:“‘C Y] % }% LAY 25 pM 3L 2.5 M 3L
A o e ¥ adul Xy ke L iPees

[Sont® oo'}‘ W2 00 M <%

X
5 pM 3L 05 uM 3L
B N N A g DR

CASP3 o ° CASP8

CASP7

0 pMI3L B0 pMI3L W0 pM I3L 0 puM 3L
0.5 pM 3L 0.5 uM 3L 05 M 3L 0.5 pM I3L
W pM 3L 1 pM 3L 1M BL T WM 3L
W 2.5 pM 3L W 2.5 pM 3L W 2.5 pM 3L W25 pM 3L
W5 uM 3L 5 pM 3L 5 pMI3L 5 pM I3L

P<0.0.
mopmnL LU0 P<0.05 W0 M I3L
W05 pMIBL P<0.05 W 0.5 pM 3L . 1 W 0.5 pM 3L lﬂ)!.g%_l
WipMBL T T W1 pMI3L W1 pM 3L
2.5 pMI3L 2.5 pMI3L . 2.5 pM 3L
W5 M 3L 5 pMI3L W5 uM 3L

El4 BLEERSFHERERE  A: MU T B sIRNA 0L 3L A0 M0 T i 8045 B: ARIRIWE 13LX) SP3 BFR Y
CRC AL T2 ;s C: R[RIVREE 13L %) SP3 # 19 CRC 4 I Y TNF-o mRNA K M5200 ; D: AR EE 3L AT SP3 i
BRI CRC ALY TNF-a 430K -S40 s B 43 F X325 13155 SP3 AR ELAE AL Fe ASIRIHeEE 131 X5t 323k Sp3™”
a} SP3"" H.SP3 iR CRC AMLIA TS0 s G AR[RIMREE IBL XS i Feik SP3 al SP3™" H. SP3 f 1 CRC 4 TNF -0 7314
KRN He AR[EIMREE IBLXT TNF-o ft (R A S s AAL A CRC AL T 5200 5 1 R [RIVRBE 3L XS TNF-R1 sl As
R IK CRC 20 T i 520
Figure 4 Identification and characterization of target molecules of I3 A: SiRNA screening of apoptosis pathway to identify
targets of I3L that affect apoptosis; B: Effects of different concentrations of I3L on apoptosis of CRC cells with SP3
knockout; C: Effects of different concentrations of I3L on TNF-a mRNA expression in CRC cells with SP3 knockout; D:
Effects of different concentrations of I3L on TNF-a secretion levels in CRC cells with SP3 knockout; E: Molecular docking
to identify the interaction sites between I3L and SP3; F: Effects of different concentrations of I3L on apoptosis of CRC cells
overexpressing SP3%"or SP3"" and with SP3 knockout; G: Effects of different concentrations of I3L on TNF-a secretion
levels in CRC cells overexpressing SP3"" or SP3"" and with SP3 knockout; H: Effects of different concentrations of I3L on
apoptosis of CRC cells treated or not treated with TNF-a antibody; I: Effects of different concentrations of I3L on apoptosis
of CRC cells with or without TNF-R1 knockout
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FE G PR S 56 A, B 25 A TR AT LA ] CRC
ROSERE . a0, 35 B9 AHRCK 1E BY L. rhamnosus 8 13
P2 HE N2 CRC 41 g /9 98 T 1 B A Bt CRC AR A,
TESh YRR T | L. rhamnosus B DL 38 o 38 50 4% Fh AR
ﬂﬁ%éé@%@Lﬂéﬁﬂ%ﬂCRcE@E%”‘” — S

FEPTORE 4w B 5 2R B AT DL A 1A T
FER AN A7 DT 8 20 18 M 4% RE R B0 B I AR
FIPLE B R RS B e G . B, %
Fan ] & ¥ HPt CRCAE H IR A N@T . AWFR
% L. rhamnosus 73 W 1 131 B9 42 8 T 46 & H ¥t
cm?ﬁﬁﬁﬂ@a‘é%”?

WP R, IR YT O RN R A )
e = FURRFF R, AT S A8 U E W A AR
?L@ﬁﬂ% WA, HA L. rhamnosus X Ji7 18 filt e 1%

SN AF S 5 K, L. rhamnosus A1 A ZL A 7 38
SE VT 20 A 2R 10 AP R E IR 7P T 4 AT
AR U E P BT R s P, R, L. rhamnosus 5

T3 BL I B AR B TR A, 8 ] R i HA
W R IPT CRC IR, J& —F il 7F M e & #
LTI RE R A o

TEARBEZE H, B AK SP3 8 TNF- o 8% CASP3 1§
CASP7 5§, CASPS ¢ CASP9 i}, I3L Ak ¥ 1) CRC 41 il
HT-29 98 T2 7K F & i & ok & . F R & 3,
CASP3 . CASP7. CASP8. CASP9 Jy TNF-« ) T iiff 53
TR TN T, SP3 N TNF-o B8 S 1. [,
SP3 2y CASP3 ., CASP7. CASP8. CASP9. TNF-a [
I i F . 1BLALELAY SP3 R BR CRC 40 i & 19 14
T2/KF o TNF-o (9 238 7K 7 o3 W /K- ¥ A i 2%
Ak, BB, SP3JE BLAHIAR . 4 T X & B 13L
55 SP3 i K551, ES51 FIESS2 FEAEAH B AR . 13L ]
DLAR HF SP3YT i 2% 35 19 SP3 B CRC 41 g & 1 41 fitg
P8 T 7K P A1 TNF- o 43 WA 7K SF-, T TG 12 2l A2 SP3MT ok
3K 1 SP3 i B CRC 40 i & A9 40 B 9 17 7K SF- Al
TNF-a 538 W 7K o TNF-« 15 5 1 28 i NF-« B 3 4 3%
T O ik & i A AR 1 A0 B AT T A A 5 B 43 R
#%, i i CASP3., CASP7. CASP8. CASP9 /i 5§ ¥
40 B 08 T2, WESE & R SP3 B K551, E551 1 E552
7 o5 J& SP3 3% M G DY, G, 13L& K551 .
ES51 F ES52 4% 05,5 SP3 M H.AE T, #8581 SP3 1Y 4%
SETEYE, T T TNF-o B9 55 5% R 43 W K -, A aE
T CRCARA4MIPT .

SR, ARWETEARIRA AR Z A . ARWFIEALRE
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