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HE Z LG EARIT T A KA G 3R I B F AR A8 K B F 6(tumor necrosis factor receptor-
associated factor 6, TRAF6)% A& M &% & & 2 5% (acute myeloid leukemia, AML)%m i, B " 7% 4 69
#oky, AR B kA B EGEON AT TRAF6 /£ AML % % &) o 5% 48 it F 69 mRNA R LK F, i@
SR E R F A B ETCCGAN M TRAF6R A 5AMLE F 16 RIE 0 X 2 . B TRAF6E 40/ 42 & Ak
3 J AAML %R % (KG-1a#=THP-1), KA f “80E 7 F th & & (Rapamycin) A= § A8 X 37 4] 7
3- ¥ J % =%~ (3-methyladenine, 3-MA). &% % % Al(bafilomycin Al, Baf- Al) 57| 4 22 AML
., % XA ZPCR. &G %IEP TR AN T R ATRAF6CE & fn & 40 i A % 47 & 4 (LC3 A=
p62) mRNAF= & & /K-F; %75 % K7 kAR MLCI% & % 58,5 45 # (puncta); ».Aémﬂ@ﬁﬂ | 4m

JOA =%, CCK-8E I MAML A JLeg R o388 48 /. 4RI =, AMLE A & fo s fm it 3 R ik
TRAF6 (P<0.01); TRAF6Z £ ik 6y & fojm & SR G F o L FH A F F YR TRAFOIR AL LA
B & EAK(P=0.01). TRAF6E 40 /i 54k % 48 9% B % 38 Ao M ARAML %0 Je % F TRAF649mRNA =
% @ KT (P<0.05). Rapamycinik 22 8453 7% AML % it & @ »£/K-F, it R IATRAF6/5 AML %8 &,
LC3 mRNAFLC3II% & 7/K-F & & _E(P<0.05). p62 mRNAF=Z & 7K-F F(P<0.05)vA ZLC3
punctalk &3¢ % . JFIBaf-A14 32 A FLIF it & A TRAF6#) & fu % fa i & F 69 § "2 A5, LC31I&
B R IAKP B H IR 5(P<0.05). 3-MAK I T R ATRAF6H) & fo 5% 2 it /5, LC3I& & R AR Y .
p627%& & & K38 Hm(P<0.05). skol, it R A TRAF6I4K &) Ao 7% 40 el B 1= 5 An R 8t 2m L 69 Ak 9138 74
(P<0.001), M it X XA TRAF6/E Baa3-MALL 22 1| 7T 14 4 TRAF 6%t & o 5% 48 AL 44 40 8 = A= 4L 38 74
YER (P<0.001). A EAF7 45 R8T, it KA TRAF6AE95 38 i AML 40 .49 B "4 7% 4, 1L AML %8
R £ K.
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Abstract  This work was to investigate the effects of TRAF6 (tumor necrosis factor receptor-associated fac-
tor 6) overexpression on autophagic activity of human AML (acute myeloid leukemia) cells. The expression levels
of TRAF6 mRNA in AML patients derived from GEO (gene expression omnibus) database were analyzed. The
relationship between the expression of TRAF6 and the clinical prognosis of AML patients were explored based on
TCGA (The Cancer Genome Atlas) database. The TRAF6 recombination plasmids were transfected into two human
acute myeloid leukemia cell lines (KG-1a and THP-1). Autophagy activator (Rapamycin) and two different autoph-
agy inhibitors, 3-MA (3-methyladenine) and Baf-Al (bafilomycin A1) were used to treat the leukemic cells. The
effects of TRAF6 overexpression on the mRNA and protein levels of autophagic markers LC3 and p62 in leukemic
cells were determined by qRT-PCR and Western blot techniques, respectively. The LC3 puncta was determined
by immunofluorescence. The apoptosis rate was detected by flow cytometry. The cell proliferation activity in vitro
was evaluated by CCK-8 assay. The results showed that the expression levels of TRAF6 mRNA in AML patients
were higher than those observed in normal controls (P<0.01). Additionally, high expression of TRAF6 showed a
trend towards lower OS (overall survival) and EFS (event-free survival) (P=0.01) in AML patients, than that in low
expression of TRAF6 group. The expression levels of TRAF6 mRNA and protein were significantly increased in
TRAF6 overexpression group compared with those in the control group (P<0.05). Rapamycin treatment enhanced
the autophagic activity of leukemic cells. Importantly, TRAF6 overexpression significantly upregulated LC3 mRNA
and LC3II protein levels (P<0.05), downregulated p62 mRNA and protein levels and increased the accumulation of
LC3 puncta in leukemic cells (P<0.05). Notably, Baf-A1 treatment significantly increased LC3II protein levels in
TRAF6-enforced cells (P<0.05). Exposure to 3-MA significantly downregulated LC3II protein levels and upregu-
lated p62 protein levels in TRAF6-enforced expression cells (P<0.05). Finally, the apoptosis rate was significantly
decreased and the cell proliferation was significantly enhanced in TRAF6-enforced group (P<0.001), while the
treatment of 3-MA attenuated the ability of TRAF6 overexpression mediated growth advantage (P<0.001). Above-
mentioned results suggest that TRAF6 high expression enhances the autophagic activity and promotes leukemic cell
growth.
Keywords tumor necrosis factor receptor-associated factor 6; acute myeloid leukemia; autophagy;

apoptosis; proliferation

ZUMEHE & A 1197 (acute myeloid leukemia, AML)
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Jif 983 I BE (Kl - 52 44 #H 2% [A] F-6(tumor necrosis
factor receptor-associated factor 6, TRAF6) ;& TRAFs
KR — 54, FERRIEF FTNF. Toll#f KIL-145 %
Tz B KRN ECLEH, 2 59 0A 2 5%E 518
PRIAL T, R KB FRASFEE TR E
HEAE N, RO ST K L, TRAF6/ 3 B4
Jfi s Beclinl 1) 2 5832 AL ME M, T EBel-2 A e 52
AL Beclinl i H.45 &, Bl i Beclinl 2 5 = Uk
JIE Pt AL S5 I 2 5 D A T R, DN T B 80 4 L ) e
BOG LR, SR, H BT T TRAF6LE H MLjw H
TEVERAE A B AHEFE DL SRS R B I
T R (KG-1afITHP-1) 9 S50 6 R, WL Rk
TRAF6XT [ 1L 95 4H M 5 W i P R 52l LA X TRAF6
I3 B RN L 20 AR A A A R S, TR
RIS 3 100995 200 0 1 M 425 16 2~ L A R 8ES ) 5
B & M a7 1R A E R AR

1 HR57E%
1.1 KIadtHy

NS & A I 40 i PRKG-1afITHP- 16 T
wh R 2 B _E 2R A BRI TR 40 i R R R,
PRIZE ALK 2 1 RAS 5612 W 2% 2806 40 B S 00 3 R
TRAF-
1.2 LIRS

Jif 2 I3 I RPMI 164035 77 36 H 32 [E Gibeo
~A]. Rapamycin. 3-MA(3-Methyladenine)#ll Baf-A1l
(Bafilomycin A1) H 35 ESelleck /A 7). — FI & 1 AK,
(dimethyl sulfoxide, DMSO)I4 5 3 [H Sigma/s & (T
fic | Rapamycinfll Baf A1), RNA$ZHLi{ TRIzol. RT-
PCRIR &% [ H A TaKaRaA . 514 Fifg g
HEMF AR R AT A . SYBREGHED G E FPCRIR
F£56 [1 KAPA Biosystems A & . 1 [ 2L RIPA «
BCAEHERRMNEIWH HiFE = REVMHRE
PR 2wl ECLA OGIA 7 & & PVDFE W H 3 [HMil-
liporeA 7. %Pt ATRAF6. p62 8. 57 LA H 55
[ Cell Signaling Technology /A &, %Pt ALC3 V1%
o B TR I H 35 B Novus A 7] . f$1t A B-actinZ i,
F% $1 44 W 3 3% E Proteintech /A 7] . 1L 2 $1 flgG —
PR 2EHTRIgG/FITCHRL Ul B L 42 &4
AR A PR 7). Neofect™ DNAFE 4R 57 1 H
RIS A HE AR AT . CCK-8IRF G H HA

DojindoA ). 4%% 5 e[ € v P FH IE# 1
L35 AIDAPIL W U 8 A ) AR
FRZAH]. Triton X-10006 B Fi R 3= EWRH A
PR

IS B HG: COL40 M % 772 46 (35 B Thermo A 7))
AR & (F B 75 % 2 42 A Al qQRT-PCRAX(3E
[EBIO-RAD &), DYY-III £ & #4 i7 B 9k A (A 52
INTAXERT ) AR EA(SE EBIO-RAD A A]).
I A% 43 BT A% (2 EBIO-RAD 2 #). %€ 6 B %
(H ANikonA &) it =X 40 g 1% (3% I BECKMAN-
COULTERZA A]). HghriX (3% E Biotek 2 7).
1.3 SKWHE
13,1 @miesi  AEAS10%BFE. 1%5
R ZVEW(100 U/mL)IRPMI 16403 38 15 77
WET37°C. 5% COMLFMIRFR. P12 KL
R, PARERAN Ao B Ko BR RS IR A 6 B K
WII4nHe.
132 4 #GEO% 4% & F & fo & & & TRAF6 K B
F &3 MGEO(Gene Expression Omnibus)%{ #%
(https://www.ncbi.nlm.nih.gov/geo/) s T %% 3 [K K ik
TS B £ GSE13159, T 1% %04 4 542141
S BE R I AN 74950 1E FON B I DR SRR R,
S W TRAF63E [FImRNA R IE K o
133 5 HTCGAZIE &+ R TRAF6 R A KT &
A 5% 69 e L MTCGA(The Cancer Ge-
nome Atlas)%{## % ( http://www.cancergenome.nih.
gov) H U155 B AML & 35 TRAF 61 3 [R 32 158 7K ~F
FE R A A7 B, AHETRAF6ZR ik (1 oh A7 B0k 2 3%
I R IB L (T715)) FMIK R IA 2H (78441, K F Kaplan-
Meier Jj V2 73 BT AML & 35 (1) S5 A A2 A7 % (overall sur-
vival, OS)F1 G Z 44 17 % (event free survival, EFS),
PLAS 31 AH B U K aplan-Meier 4= 77 #H £& . JXU; EE (hazard
ratio, HR)FI1P{H .
134 minsti PARE L1101 KG-1a8{ THP-1
Y1 i 32 b T oFLAR, K FINeofect™ DNAF% Je ik 71K
pRKS5-Flag-TRAF6/ifi i Al AH N 25 4% % Y (4 1M1 55 41
H, % e R dL UL BT . $Yk24~48 W), WER
A T 5 2R
1.3.5 B 0E ) A7 4] 77 4L 22 & oo gm dm fie A
£ FL1x10°KG-1ask THP- 140 ff 22 Fh T-64L4K, 43 71
FRapamycin(Z K £ 45 umol/L). 3-MA(Z K & N
2 mmol/L)5%# Baf A1(Z¥ 2100 nmol/L)4b ¥ 44
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Hia, 4k aE 85 9%2.5 hig WS 4n B 1 )5 S A I 40 i B
WEiEPE MR SEFE AR A AR R S . [
WAL AT 25 I DMSO4b #E 2 ATRPMI 164040 1F
kR

1.3.6 qRT-PCRAZMIMRNA KA K Y8 K2 4
Ji, 22 TRIzoLR 7 HE BURNA, 6 094 5 A4l )5 %
FH 30 3 S R 50 S 100 % % ilicDNA . PAB-actin N 2,
qRT-PCRY™ 1§ % 2H 41 ff o 8 L [A (1) ik, F T-qRT-
PCRI LIS WAL F 1 [ S 4% 94 °C 5 min;
94 °C 30's, 60 °C 30 s, 72 °C 50 s, {E¥R39¢K; 72 °C
10 min. FHX 0 B H 45 RR 2 5

1.3.7 Western blot#an| & & & A K-F g |
I, LL800 r/min®g 05 min, ZHIZPBSYEIR3IK, F
3, IMNRIPAZARI LA 78 7 2R 40 i, RIS A
Jii, BCAVEAGINER AR E . HUS0 pg s 1 25 B I 2
5 R _ERE, 4210% SDS-PAGERE IR FL ik 7 B ),
I AR B B U 2 BIPVDF I |, 5% g 99
K =3 P13 h, 23 S0 N — i W B L 4B IR BT TRAF6
LC3. p62FiiB-actiniif#k, 4 °CiF & i &, X H HHTBST
B2k, TBSHEME 1K, & RK10 min, 4235 I\ AH RL
M oiERMELh, BEE ERER SR, &5 H
ECLAL 5 KOG B AR R 5 . 1B-actin y N 2,
Western blotZ% iy ] Quantity One#X £F 31T Gt 1143 #r .
1.3.8 HERKAAMLC3 puncta  SEEG 5 N24L: %%
WAL YA . TRAF6EE YA . WSS T 28 0
H, 500 t/min®/0>5 min, 7 FiE. MG EPBSE
BTG, #AEEPE H, 1000 r/min.(>2 min,
A PRIR2IK. NS & (1 PBSE 2 4l il i, #4441
MRS B S InE N B Tefli s sk i b =
TN TS, 4%2% 5 F S 8] 58 44 f920 min, 28 )5 %
FH0.1% Triton X-100:% &AL #20 min, FFH10%11 5

13537 °CH 30 minf&, 1A % Bt ALC3 VII—$t
(1:200) T4 °CHE B it . IO ZFEHT lgG/FITChR
10 = H0(1:100)F37 °CilE i F 1 h, 5 /5 I ADAPI
PR G A%, B G T 96 B T M ELC34¢
5 G PE . (puncta) [ 4 .

1.3.9 CCK-8#mlmfasgsa SRy N34 a5kt
Y/ . TRAF6HE Y2 . TRAF6H: Lt 4 3-MAKL HLA
PLEESL2 000141 g B8 A T-96 Ltk v, 4 4H ¥e54
AL, T37°C. 5% COMRAFHITEE, B850, 12 h,
24 h. 36 hfl148 hifEEFLANAL0 pL CCK-8ik57Ji5 4k
SEREFR3 h, T-450 nmif K T3 FH BRG] 5E XT R AL
IR CRE(DYE . LADusofE ADNAARR . B5 TR ] Ayt
AR FR R 1l A K T 2R A

1.3.10 AXmpAbnmpef g LRI N3
H: ALY TRAF6EL Y2, TRAF6HL JRik &
3-MALFEAH . WS4, 1 000 r/min 025 min,
35 3%, PBSUEIA3YK. FI1500 uL PBSH 40, 7E4H
Jif 2 P 0\ Annexin V-FITC/PIXUARiC 4, 2R 5
Fo g o kR v B R R, e E R R A
ARG I 2 Bl T2 % . Annexin V-FITC/PI % 7~ -3
JH T4 M0, Annexin V-FITC'/PT" 3% 7 W 30194 T 410 o,
Annexin V-FITC /PI 3 75 i 41 ffd, Annexin V-FITC/
PISR RPN ZE A0 . FF 5L 39 R0 S0 0 0 o o 4
M T,

1311 geitF ot FrA Sk B 3007 1) 52
5. >R HISPSS 22.0%K # #k 17 4 it &b ¥, Kaplan-
Meier 4= /7 085 8 FH KRR PR30 2 B . 58 2 55 KL DA
PRbR HE 72 (xts) R, AR A I B LR F b 56,
CCK-851: 58 45 5 % F W IR 3% L 52 U7 22 49 T (Two-Way
Repeated Measures ANOVA). f5 367K N a=0.05.
P<0.05% /27 St 5 e

#=1 qRT-PCR3|¥IF%
Table 1 Primer sequences for qRT-PCR

HER JFH1(5'—3")

Genes Primer sequences (5'—3’)

TRAF6 Forward: TCC ACA CAATGC AAG GAG AA
Reverse: GGG CTT CCA GAT GCATAA AA

LC3 Forward: GAC CGC TGT AAG GAG GTG C
Reverse: CTT GAC CAA CTC GCT CAT GTTA

po2 Forward: GGG GAC TTG GTT GCCTTTT
Reverse: CAG CCATCG CAGATCACATT

p-actin Forward: TAG TTG CGT TAC ACC CTT TCT TG

Reverse: TGC TGT CAC CTT CAC CGT TC
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2 H#HR
2.1 AMLZEETRAF6HIFKILKT
NT SRR R BB R O IR AMLK Ff AR
HTRAF6H 3 ik /K 7, F FIGEO% 4% 12 o % ¥ 45
GSE13159["JRNA-seqit K K 1A 245, 7 HrAMLE &
4 ffe 1 TRAF6 [ mRNA K 18 7K °F-, 45 3L 7R, AML
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(n=T4) W RTim, 2 HA SR (P<0.01)(E1),
FERAML R (MR 40 B 5 K IATRAF6
2.2 TRAF6FIAKFEIFTAMLEE 5/
R FETRAF63 15 7K~ X i RAML & %% 1 e
f) 52 Wi, H I TCGAHU s 2 X AML I 3 ik A7 2 T

TRAF63 1A 7 5 Y1 Kaplan-Meier & 17 70 #1445 R &
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qQRT-PCREGIN 25 R IR, 528 #E YeHAR b, 1 Rk
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Fig.1 The expression of TRAF6 in clinical AML samples
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low TRAF64H LLA%

A: the overall survival rates of AML patients were calculated by the Kaplan-Meier method according to TRAF6 levels; B: the event-free survival rates
of AML patients were calculated by the Kaplan-Meier method according to TRAF6 levels; P=0.01 compared with the low TRAF6 group.

E2 TRAF63FRIAKFEIIAMLEE FEHIF/A
Fig.2 Impact of TRAF6 expression levels on the prognosis of AML patients
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Z T (P<0.001)(KI3A). Western blot4h i 7s, it
FILTRAF6Z HHTRAF6 5 [ 4% iy 2K J& 450 % 4 s G
4 B 21 5R(E3B), H R AR RIA K BT
=1 (P<0.05)(EI3C). [AIFE, FETHP-140 g b, o ik
TRAF6ZH 40 li TRAF6 I mRNAFI 2K (1215 /K -1t
BE TSR e A (F3D~E3F). DL EgE Rk,
FEAMLA L 2 il D it FIATRAF6.
2.4 FFRIETRAF6XTAMLEAR B M SE MRS 00
T WLEE TRAF6XT AMLAH MY [ W3 P 1 5
W, & 5, I B 6 E0E 7 Rapamycin b B 1 11195 41
Ak, 540 B AR B PILC3AIp62:3R 15 7K - 1)
. g SRR, PR A 40 LC3 mRNAAR
LC3IE HRIAE W # L+ (P<0.01). p62 mRNA
IR A F ik & 8 E FFKP<0.01, P<0.05) (Kl4A~KE]
4D). Tk, ME ik RIATRAF6G Mk 41 SLC3.
p623% i /K T FILC3 punctalf) 8 28 . #EKG-1a4fl iy
Hh, 5 EER LA AMLEL, I RIATRAF641LC3 mRNA
KA & 25 VETHE(P<0.001), p62 mRNAJK V- &35 1%
P (P<0.05)(Kl4E). Western blotZh B EoR, iE 3Rk
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A,D: qRT-PCR was performed to analyze TRAF6 mRNA levels, normalized to B-actin. B,C,E,F: Western blot was performed to measure TRAF6 protein

level and the relative protein expression, normalized to B-actin; *P<0.05, ***P<(.001.
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Fig.3 Effects of TRAF6 overexpression on the levels of TRAF6 mRNA and protein in leukemic cells
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