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[ E] BoY: BAHEIRERE—FP il 240 BAE & 14 3(receptor interacting protein 3, RIP3)FIR A1 & ek
FEHE 11 (mixed lineage kinase domain-like protein, MLKL)/MFEYAMISET B, A WF5Fs HiFLah ¥ i s Z s A
W RES SRR PEIRSE I R 5, FUA A M B8R 1R B F 4E 45 45 82 11 1(eukaryotic translation initiation factor 4E-
binding protein 1, 4EBP1)-E.A%E 4 K F 4E(eukaryotic initiation factor 4E, eIF4E)iili & 2 FL 34 75 1A 55 25 0 A
RN NI gz —, RMGEEESS 5B ERIEN &k, BT IS . A B 7E4R %K 4EBP1-
CIFAE i B TERR PRI SE R R R A s . Frik: wom /R T B i 4R 40 & 1929 4 i hin AFR P PEIRSE I
7 TSZ(TNF-0/SM-164/Z-VAD-FMK), £ B T SR IEIE A s i — 20 10wk RIP3 A1 MLKL 3£ PH (19 1929
YA TSZ, R ML PIBE (propidium iodide, PIYLCLNSRANMIIRFEAG I, SR 5 M 1t 2R A BT S AR 1 ol
B[R 460 I 4EBP1 Fl elF4E /) mRNA IR (T RB K. SR BFER 1929 4 ff FH TSZ Ab3 s, YRAEAH s
4EBPI ) mRNA Fl 2 4 51 3¢ 35 7K - B 2 T 9% %2 fL 1) 4EBP1(phosphorylated 4EBP1, p-4EBP1)/4EBP1 {E 3 Jii(P<
0.055% P<0.01), elF4E ) mRNA Fik/K-F-HA &I 3 H 857 fk.1%) eIF4E(phosphorylated eIF4E, p-eIF4E)/eIF4E{H}4 /(3
P<0.01); TEREERL929 40 i rh it RIP3 A1 MLKL LN )5, PIFHMESRIEAN o H Wyt /b>, 4EBPI ity mRNA FIE [ Jf kK
SEH 5 |3 H p-4EBP1/4EBP1 {H K F%(P<0.05 5 P<0.01), elF4E i mRNA %k /K F W 5 F i H. p-eIF4E/eIF4E {H T &
(#1P<0.01). £5it: 4EBPI-eIF4E il %7 RIP3/MLKL /™ R PR AE i & A 164k
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(RIP3)/mixed lineage kinase domain-like protein (MLKL). It has been reported that
mammalian target of rapamycin plays a regulatory role in necroptosis. Eukaryotic
translation initiation factor 4E-binding protein 1 (4EBP1)-eukaryotic initiation factor 4E
(eIF4E) pathway is a key down streamer of mammalian target of rapamycin. However,
whether 4EBP1-eIF4E pathway is involved in necroptosis is still unknown. This study aims
to investigate the changes of 4EBP1-eIF4E pathway in necroptosis.

Methods: TNF-0/SM-164/Z-VAD-FMK (TSZ), a necroptosis inducer, was used to induce
necroptosis in murine fibroblastoid cell line L929. Cell necrosis was observed under an
optical microscope. Then, TSZ was added to 1929 cells with RIP3 and MLKL gene
knockout. Propidium iodide (PI) staining was used to observe cell necrosis. Real-time
fluorescence quantitative PCR and Western blotting were used to determine the mRNA and
protein expression of 4EBPI and elF4E, respectively.

Results: After treating L929 cells with TSZ, the number of necrotic cells was increased, the
mRNA and protein expression levels of 4EBPI were significantly downregulated, and the
ratio of phosphorylated 4EBP1 (p-4EBP1) to 4EBP1 was increased (P<0.05 or P<0.01);
the mRNA expression level of elF4F was significantly upregulated, and the ratio of
phosphorylated elF4E (p-eIF4E) to elF4E was increased (both P<0.01). After knocking out
RIP3 and MLKL in 1929 cells, PI positive necrotic cells were significantly reduced, the
mRNA and protein expression levels of 4EBPI were significantly upregulated, and the
ratio of p-4EBP1 to 4EBP1 was decreased (P<0.05 or P<0.01); the mRNA expression level
of elFF4E was significantly downregulated, and the ratio of p-eIF4E to eIF4E was decreased
(both P<0.01).

Conclusion: 4EBP1-elF4E pathway is activated in the RIP3/MLKL mediated-necroptosis.

necroptosis; receptor interacting protein 3; mixed lineage kinase domain-like protein;

eukaryotic translation initiation factor 4E-binding protein 1; eukaryotic initiation factor 4E

FEFPERSE & — P b 2 KA B AE B E 3
(receptor interacting protein 3, RIP3)FIE & itk & i i
3k #£ &5 H (mixed lineage kinase domain-like protein,
MLKL)/ 53 0y il M A R 58 Iy 1, 2k A FE v
PERTERT, FOARS Z K455 5 m AL IR E 5,
RIP3 ##0 If- 5 MLKL 455 T8 iR P PERAE S A 1K
WBOE B MLKL RS 7EAi MO B 4747, 51E LA
R, B FEAMMAR RS &L, E&H
REFRTORHBRTF RS 5 R G LR |
B R R T SR S5 22 AR 1) e AR R R e . LI, 4R
WIARR PR IR FE A A R AR AL, X0 AH 5 R e (1)
Wi WG A BB L SR RIP3/MLKL F4
FPVESRBESE AR 1 e BG4

I 7L 3 ¥ 75 A 4% 25 ¥ 8K 1 (mammalian target of
rapamycin, mTOR)J&%E 541l NANE TR ARG S
AT, SAMAAER . 5. RS
PIARSEM EARA ISR R B mTOR G # W e S 5
THPE MR P PRI AL . B A M B RS 4 PR 4E 45

4 5 M 1(eukaryotic translation initiation factor 4E-
binding protein 1, 4EBP1)J& mTOR () & E )Y, Jf
5% %] mTOR (936 PEJE T, 4EBP1 i 5 B AR LG
¥ 4G(eukaryotic initiation factor 4G, elF4G)wi F+45 &
H ¥ & if A T 4E(eukaryotic initiation factor 4E,
elFAE)R 45 eIFAE Ry A W) ~w Dhme , HEMTH 19 8 A
A BPERR LR SR 1T AEBP1-elFAE 3 [ 2 75 £
FPPERFE R & AR %, HT i TS S . ARG
5 7E4R 1} 4EBP1-eIFAE jd  7F RIP3/MLKL 4 Y 2
FPHERFE R B A A s AL, DU B8 e MR T 1
PRI T AR IR TR T S AR R A5

| S

1.1 ApEiEsRS5ad

A=A (wild type, WT). RIP3FEH R (knockout,
KO)FI MLKL-KO /)N b B A 4T 4 40 it 22 L929(WT-
1929, RIP3-KO-L929 #l MLKL-KO-L929) Jy J& ['] K
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2wk 5 B K . A0 HE T 10% iR 4 I Y
DMEM 5338, FHCE T 5% CO, /Y 37 °CHEEA T .
SEMANTR . 1)WT-L929-Control, WT-L929-TSZ2h.,
WT-L929-TSZ 3 h, WT-L929-TSZ 4 hf, H4FEFErERAE
557 TSZ(TNF-0/SM-164/Z-VAD-FMK, x1 000)fIll A
WT-L929 4 ffgrh, Ffor 8582, 3. 4h, WT-L929-
ControlZHAINTSZ, 2)WT-L929-Control 3h, WT-L929-
TSZ 3 h, RIP3-KO-L929-TSZ 3 h, MLKL-KO-L929-
TSZ 3 h 41 TSZ(x1 000) 435I il A WT-L929, RIP3-
KO-L929, MLKL-KO-L929 4 g i 3£ 55553 h, WT-
L.929-Control 3 h4A AN TSZ.,

1.2 ik

DMEM Filfifi 4= i 355 W A 5€ [ Gibeo 22 w5 TSZ.,
GAPDH#UfA . RIPA 4K BT 24 . £ 1 G0 i 57 A
WERR B R4 A E A KA AR R A A 5
AL P I (propidium iodide, PI)YLREFI; 1 K FF A5
90 F 3¢ [ Sigma /A 7] 3 TRIzol i& 5 g B 3¢ [
Invitrogen A7) ; SYBR Green PCR Master Mix {5l &
Wy A RARAACPH (L) AT R A7) 4EBPL, WRILH)
4EBP1(phosphorylated 4EBP1, p-4EBP1). elF4E Al
PR 1k, 1) eIF4E(phosphorylated eIF4E, p-elF4E)$iiA 1
) H 9 [E Abcam 2y ] .

1.3 PIL&

L929 Z il FH PBS T U6 3 W5, A PIYY IR G 7,
164 °CF ROEIEE 30 min, R PBSTHVE3 KRG,
il F & DAPL I B K B Bl R, IEAE9 i
ToREREG . PLHME UMD IRIEAN A, TRFEAN
0 E 43 bR PTBHE S (5 20 Bk H 5 DAPT BH: 20 i A%
YLt i i 5 i HepA

1.4 RNA REUK LR 3% e E 2R S EHE R AL

{# | TRIzol $EHX 1929 40 g %) 5. RNA, NanoDrop
I RNA 1Y 40 B 1% 5 . fff ] SYBR Green PCR
Master Mix i 7 & Fit ¥ PCR e W &K & . 7F Bio-rad 5
I B PCRAY EATH MG S, O 45 1F: 95 °C
AR 5 minJ5 95 “CAEME30's, 55 °CiBk20s, 72 CHE
f130s, 40 MG 1M LilEA TAY) TREEAR
ABRAFIAB(ER D). WY 11265 5 I 27l
firth£e /08, 10 4EBPI . elF4E 1 GAPDH ) Ct1{H.,
LA GAPDH JWNZHAT9OE R ITHT

1.5 EARRNEE A RENTE

L929 4 i H PBS ¥ 18 3 X J5 ., fiMA 100 uL RIPA
B PO S L 1 A S 50 R R T ) TR S
W, WO A A LA WO UK 20 min, BESS T4 CLA

130 000 r/min 50> 20 min, WEHC_E 7 RIS 400 A 2
J5t, )i NanoDrop #4725 F ik B2

H4 20 pg B TRE S I 22 4%~10% (1) SDS-R A
W EE I TR, 7 80~100 V HE T EEL K 90 min, B
JETE 80 VAH RS F T AT I, K A B A% 2
PVDF i€ I, /il A 4EBP1, p-4EBPI. eIF4E, p-
elF4E Fl GAPDH —¥1, & T4 CFHFELHK, KH
i HH TBST W VE3 Uk, A ZH0(1:5 000) & T =i T
BiE 2h, HTBSTUERS, A ECLAJGHIFR 2 min
iSO

1 PCR3IMEFFI*
Table 1 Sequence of PCR primers

FF A G721
4EBPI F: 5“GAAGTTGCTCTACCCAGTGTCC-3'
R: 5-GATAGCCGTTCCTTTCATTTGG-3'

elF4E F: 5-GATAGCCGTTCCTTTCATTTGG-3'

R: 5'-TTCCCACATAGGCTCAATA-3'

F: 5'-TGGCACATATACACCATGGAA-3'

R: 5“TGAGAATGATGGTTTCCAATTTC-3'
4EBP1: HAZANMIEHIFRIGH F4EL5 G 1; elF4E:

HZERNF4E,

GAPDH

1.6 Grit=AbiE

BE LB AR ETR (AESEM) £ 78, RS
4 Graph Prism 6 #4740 12= 00, 41 LSRR ek
%, P<0.0502EFHAGE L.

24 B

2.1 TSZi%S WT-L929 4R %t

e WA R Al W WT-L929-Control ZH 4 ity &
ARICHET:; FEEALFERFEI(2, 3. 4 h)AUHER, TSZAb
PR & AR T M IR BB B WT-L929 41 ity 35 i 14
Z(E 1),

2.2 RIP3 #1 MLKL X} L929 £ i1 32 = 3R 52 89 24 1)

WT-L929 4l i 78 TSZ kb HH 5 3 h B & A KA 46T
(1), HITEGZesci R4 3 h Ay BT it
] PIY L R EIR . 5 WT-L929-Control 3 h2H
AHEE, WT-L929-TSZ 3 h 41 &A= 8 P PR SR AT 240 A B i
BN (P<0.01, K 2); 5 WT-L929-TSZ 3 h 414 It ,
RIP3-KO-L929-TSZ 3 h4 . MLKL-KO-L929-TSZ 3 h
2R P SR AE A i B e/ (38 P<0.01, [ 2). ixX iR
7 RIP3 Fll MLKL & i/ L929 4H il F /7 IR 4t .
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WT-L929-Control WT-L929-TSZ 2 h WT L929- TSZ 3h WT-L929-TSZ 4 h

E1 XFEHETERTSZES WIT-L929 ZHAEIR5E

Figure 1 TSZ induces WT-L929 cell necroptosis observed under the optical microscope

Scale bar: 20 um. Necroptotic L.929 cells were labeled by arrows. With the increase of TSZ treatment time (2, 3, and 4 h), the
number of necroptotic L929 cells was increased. TSZ: TNF-a/SM-164/Z-VAD-FMK; WT: Wild type.

DAPI Merge

WT-L929-Control 3 h

60 -

WT-L929-TSZ 3 h

kk

(]
0 3* 1 r Y [ )
AN > > AN
PSS P e
& S S
’90 \)oﬂz \9@ \)oﬂf
q &ﬂ’ Qo Qo
&%
&
» B

B2 PIFERERTSZES WIT-. RIP3 KO-#1 MLKL KO-L929 4AAE72 FF iR 3E

Figure 2 TSZ induces WT-, RIP3 KO-, and MLKL KO-L929 cell necroptosis indicated by PI staining

A: PI staining diagram; B: Comparison of percentage of necrotic cells in each group (n=4, x+SEM). Scale bar: 100 um. **P<0.01 vs
the WT-L929-Control 3 h group; +1P<0.01 vs the WT-L929-TSZ 3 h group. TSZ: TNF-0/SM-164/Z-VAD-FMK; WT: Wild type; PI:
Propidium iodide; RIP3: Receptor interacting protein 3; MLKL: Mixed lineage kinase domain-like protein.

)
=4
T
-~
o
—
—k

Percentage of necrotic cells/%

MLKL-KO-L929-TSZ 3 h RIP3-KO-L929-TSZ 3 h

2.3 4EBPI #1 eI F4E B mRNA K&K F L929-TSZ 3 h i #l kb, RIP3-KO-L929-TSZ 3 h 4 .
SR P R AR SR BN 5 WT- MLKL-KO-L929-TSZ 3 h # 4l it *f 4EBPI ) mRNA
L929-Control 3 h 204 L, WT-L929-TSZ 3 h 4H 40 A TR M, elF4E B mRNA 25K F0 B F
4EBPI ) mRNA Fik K-V T, elF4E ) mRNA (¥ P<0.01, & 3), 4EBPI Fl elF4E (/) mRNA # ik
kK0 B H(P<0.05 5% P<0.01, K3); 5WT- JKEAE RIP3/MLKL A AR PR h R A T ek s
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2.4 4EBP1#0elFAE T AR KIEKTE
AR AL R B : 5 WT-L929-Control 3 h
A, WT-L929-TSZ 3 h 41 41 g i 4EBP1 Al p-
4EBP1 £ 1 T Rk KF ¥ B 8 F 9, H p-4EBP1/
4EBP1 B LI THE (P<0.05, [El4), i eIF4E & [ i3
SRR TCH] B A4, p-elF4E 4K [ i 61k K i
U8, p-eIF4E/eIF4E 19 LU {H F+ 55 (P<0.01, Kl 4); 5
WT-L929-TSZ 3 h 4l #H kb, RIP3-KO-L929-TSZ 3 h

,_.
W
1
L
—
—
—

Fold change of 4EBP] mRNA
5
|_| 0

20 . MLKL-KO-L929-TSZ 3 h 2H 4H ifi 7 4EBP1 Hil p-
4EBP1 % 1 Jl/K P & 18, H p-4EBP1/4EBPI
FIE T F(P<0.05, [E4), i eIF4E 25 A i ik /K-F TG
WS84k, p-elFAE 48 11 BT K kK FHI FiM, p-
elF4E/eIF4E 1 b {8 F B (P<0.01, [l 4). 4EBPI Al
elF4E 1Y 88 [ 51 & 1K 16 1 7K - 7E RIP3/MLKL 4 &
MIRRIFPEIRIE T A TR .

20

Fold change of e/FF4E mRNA

N A0 A0 2N
BAD - AD AD
SV
R A
v &'\, NV

e ﬁ)
9
RN

El3 L EERSEHERMNERTSZAEN WT-, RIP3 KO-, MLKL KO-L929 il 4EBP1(A)#1 el F4E(B) mRNA 7k

(n=4, +SEM)

Figure 3 mRNA levels of 4EBPI (A) and elF4E (B) in WT-, RIP3 KO-, and MLKL KO-L929 cells detected by real time

fluorescent quantitative PCR (n=4, x+SEM)

*P<0.05, **P<0.01 vs the WT-L929-Control 3 h group; 11 P<0.01 vs the WT-L929-TSZ 3 h group.TSZ: TNF-0o/SM-164/Z-VAD-
FMK; WT: Wild type; RIP3: Receptor interacting protein 3; MLKL: Mixed lineage kinase domain-like protein; 4EBP1: Eukaryotic

translation initiation factor 4E-binding protein 1; e[F4E: Eukaryotic initiation factor 4E.

> = 25r 25¢
B (\;‘)‘Q %(\)’5 & % E'_.l sk
& e & o a0 T 3 20F 1
& &I =~ -lt @~ }
& & Yo 2 L1 [ 5 L)
g & ; 215 i f S 15 a Tf
SOV AT S v i v : z
& &S ' -
< - §
S 10} S 10}
P-4EBP] | gl s D SN % . 5 -
< =)
05} 05}
4EBP1 | M A D = =
. (=}
=) S
p-elFAE | (D WD - =D A5 50 2 5 g OO
M bbb > eb b b
& b & ROCUPSCISS
CIFAE | M — - - S oS S ToS o
-~ - 4 q,C \9;1, \/Qq, \9» I \9% \9’1, \9;1,
GAPDH | s s s s &,@”@’ O Q@K{x' s
A &Y &Y B
W S

B4 FEARENTERRTSZAAEN WT-. RIP3 KO-, MLKL KO-L929 #i 4EBP1 #l eIFAE & H JR K% 7K F
Figure 4 Protein expression levels of 4EBP1 and eIF4E in WT-, RIP3 KO-, and MLKL KO-L929 cells detected by Western

blotting

A: Electropherogram of Western blotting; B: Comparison of the ratio of 4EBP1 to p-4EBP1 and the ratio of p-eIF4E to eIF4E (n=3,
#+SEM). *P<0.05, **P<0.01 vs the WT-L929-Control 3 h group; 1P<0.05, ¥1P<0.01 vs the WT-L929-TSZ 3 h group. TSZ: TNF-o/
SM-164/Z-VAD-FMK; WT: Wild type; RIP3: Receptor interacting protein 3; MLKL: Mixed lineage kinase domain-like protein;
4EBP1: Eukaryotic translation initiation factor 4E-binding protein 1; p-4EBP1: Phosphorylated 4EBP1; eIF4E: Eukaryotic initiation
factor 4E; p-eIF4E: Phosphorylated eIF4E.
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33 i 4EBP1 Y LLAE R[4, X H/m LX) elF4E A3 7

RIP3 Al MLKL 4 5 F2 JP IR SE & A 1A, ZE 4t
FEF MRS RO IR VE R, il B G
TV RN A R AILEL T Sk AH SR 14 7 A
PESE SRR T . A ST 1 S A AR IR SR
T TSZ Ab 2 1929 4 e ifs S AP PERAE, iF—20d
Tob 4 ) R 4 400 it v A4 RIP3 I MILKL 58 DR 40 i 52 5 e
WA KAz, T EIE RIP3 I MLKL 76 725 PE SR 58
H IR E

155 i WL A5 TN mTOR 38 i #4578 F5 Flfie i 25
RN . AMES, S5 E ARG 5
ZR A R, IFE A . AR T AR A
TG s h k4 EAE T, R AR A RN & B
mTORH ik 2 HIRERIF IR, Slg. SEAK
ARSI b R A & AR IRAE, FF I/ U R 1
Ak, RS EE R /D B mTOR 9 _E 3 4 45
A7 PE 4k B A K 1(tuberous sclerosis complex 1,
TSCl) &t — AL i I b K SR A0 & A 5 eah,
TEMAR BHH, mTOR WG LA [ 5 AN RS0 2 1
A2, TMAEPR TSC 1 By /N E— 25w RIP3/
MLKLJG , 1 & F A0 IR SR/ IN BRI 2 S R 445 A
W] W%, W) mTOR 78 RIP3/MLKL 415 i 48 o 72
JEHEIRAE R SR

SEPR b, mTOR 328 i Bl A 5 F i 2 4 G
BN 53 F pT70 BRI S6 i (p70 ribosomal protein S6
kinase, p70S6K)F14EBP1 ¥4 & (1 54 w1 A i 1%
SR, T AL R UM 4 R B T A R
AR FERARPREYLER | RN AR AR R
BT, AEBP1 A i BB R A0 72 B2 I N5 5 eIFAE
(25 A 0 2 1A 0 B RS B, [RIISE 4EBP T AT AR
eIF4AE (B2 Ak LU ] eIF4E FTG %, 1k — 1l &
FT A B R (A — 3R, AFRPR
B . JRE PR BE [ F (tumor necrosis factor, TNF)x;
IR S R R P MRS R R, p70S6K 1Y [R]
553+ p90 #% BH 1A S6 W i (p90 ribosomal S6 protein
kinase, RSK)%& AL IF AI{EdF R P HEIRBE ) & A=
SR RSK Y[l P53 p70S6K K HiZ: 5 mTOR Fijif
4318 1% (AEBP1-elF4E il %) & 5 72 2 P PR SR st b &
AR, HRETH OIS . AR R R WT-
L929 4 il & AL R P IR BE S . 4EBP1 18 1 UK -
W 5 R 94 H p-4EBP1/4EBP1 4 LAl FH s, 278 Hixt
elF4E MY/ 55 o A58 [RII AGI 1 eIF4E 1)
ARG, 255 IR elF4E (8 F FUKE M
TETEYI I F A 7ERBR RIP3 A MLKL FEH ) 1929
4iffLrf, 4EBP1 By EE H BKFB 2 L, p-4EBP1/

o P2 AR A SRABIERA T elF4E 19 8 (56 1
W] f 52 B

/INERBLET AR L929 B 2 F Tt tE 4 4
B TR 43 R L 98 S5 A A5 s L AR FIR T R BIE ST
L1929 4t Jl 2 77 P IR S8 S A A AR P PR SR SE AL F Y
FERL AW 58 45 S 4 7R RIP3/MLKL 1T f 18 i 3 06
AEBP1-elF4E i #4175 5 W AT 4 4 i % AR R P MR AR
ORGP YEIRIE S S5 It Mg R . Kk
BRI S AR DB B B (A 4 s AR

EETTEA R 240 SURRAE, BdRgiit Ao
Br, WCRE,; mEm MR, iR
Bl A 1 D [l e R SR

PR sEER: VEE A FRICEATRIE e
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