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AALgE T, B T AR E PR 4E B AE T ( programmed cell
death,PCD) , HAIKH caspase S5, FFE Rl AR Ik
7 AN AT DA B T /MR BT AR RRAE T L
PEAIEAE T, B A 11 BURR R PR 4R At T, 2l B Y
AN F AT IS ALY . AR DL A R R B R
i, F AR5 i B L5 58 A Wi WA | B 2 e A
AN N IO A AN AR S5 O . R M — REAE A
S 60 45 14038 265, ) W P R 2B X A L £ B L DR
IEFMAHRES R ELEENS  WATIREHA
H WA T AR 4IRS SR R, — i, H
Wit 5 8 T 22 [RIAFAE 5355 0 D) 5 TRl B w5 R T
PR RIRE FAEE B IIRR T

-3 A BA 2R A (OUFR 11 - IR P AR A,
11’-deoxyverticillin A, C42) , &—Fh A2 i B 7 A
(£ R =R S A A A = S
( Epipolythiodioxopiperazines, ETPs ) % 4% #4 b &
Pt BRI HGEFR . C42 BT 2 Fh R 41 i
) FI AT, (A C42 Xt HeLa ZHMLAY 1 A1
TR A il , ELWHISE A8 19 3 [ PFKFB3 215
S HH PR WHGE . AFFELL C42 515 HeLa 4
FEBET St A a5, XA T gk 9815 56 KL PFKFB3 7E H
WA T b AR AT RS, IR SR T 42 i
HeLa 4Hiffd W AA T2 Z M B SC &R

1 #RFT %

L1 ##

L1.1 ZARRFARRASH : Hela 200 A S0 50 2
A7 ; PFKFB3 T 20 s 2 AN IR vector B 2% H b 52
KA A2 5 AR Y HOR 2 B B B I
1.1.2 ZA@AOFLA: 11'-Deoxyverticillin A (C42) H 4=
HEEFR B 4K I 5 DL 4, S0 (chloroquine
diphosphate salt, CQ, C6628 ), Necrostatin-1 ( Nec-1,
N9037) ,3-methyladenine (3-MA , M9281) ,1,5-5 sk
TP (1, 5-dihydroxyisoquinoline , ISO, 1138 ) , PFK-15
(SML1009) , PARP (9542) ,3-PO ( R628948 ) f1£ 77,
EPUIR LC3B (17543) ) H Sigma 2 Al ; Z-V-FMK
(FMKOO1) JF R & D 23l ;actin( TA-09) $it 1Ay B
bR A2 4 A |l p62/SQSTMI ( sequestosome 1,
p62, sc-28359 ), BECNI ( sc-11427 ), siBECNI ( sc-
297970) ,siLC3 (5c-43390) F1XT B siRNA 14 | Santa
Cruz 2N,

1. 1.3 RFUFNFEH : DMEM 15 3% 3L M1 4 1 75 1 1

Gibeo 22T, 7 85 5 2R 1R 5 W BR A5 11 i I A T
H ot LR A ) B 4 R AT BR A ], TRIzol ®
Reagent 4 [1 Life technologies 23 7] , PrimeSecript™ RT
reagent Kit 1] H TaKaRa 7 7], SYBR real-time PCR
kit Wy B 5 M 28 /) &) ; PVDF 04 T Amersham 2y
Al s KW H Thermo /A H] . Attractene Transfection
W F  QIAGEN 7~ %], DharmaFECT
Transfection Reagent Il | Thermo /A Fl .
1.1.4 U FE{EE. Co, 40 M 5% 35 FA ( Panasonic
SANYO 72~ Al) | 5 3K /& # & .0 ML ( Sigma 28 A ) |
-20 CARIEVKAE (/R A F]) . - 80 C AR VK4
(Heraeus 2] ) . Trans-Blot H %1% ( Bio-Rad 23 #]) |
AE-6500 %I LI A# (ATTO 23 w]) \JY600C i JT: i i
HLYK A (JUNYT 28 &) . MilliQ plus #8 4 7K & 48
( Millipore 22 7)) ,CFX384 Touch™ Real-time PCR 1%
(Bio-Rad 73 ] ) | Biospec-nano UV-VIS 439656 11
(HARBEAF),
1.2 ZRaEsE

HeLa 4 /i & DMEM High Glucose (% 10%
/I 1% BT BEXUL) 53R, BT 37 C 5%
CO, ZMIBEFRAR TP EAT B 7, 2 A 2 3 Gk 31 5 42
A1 70% B AT ALY
1.3 ZHE mAa g

ot s) 6 fLRIN,37 °C 5% CO, dfigds
FeAf PRI A, 2 A0 LIS B A B 60%- 70% I
IMAZS I EAT R, e di s I 18]S WO AR 4a i

FrANMER 45 & AL JLF ) J5 , JHYe B9 PBS TRUEAH
Jl— 5 PBS, I TGH 2L R 40 il [ TGH
A 1 mL BEV (1% TritonX-100, 10% H ¥, 50
mmol/L. Hepes, pH7.4),5 mol/L NaCl 20 pL, 0.5
mol/L, EGTA/EDTA 10 pL, 0.1 mol/L NaF 10 pL,
0.1 mol/L PMSF 20 L, 1 mol/L DTT 2 pL, 0.5 mol/L
Na, VO, 2 pL, Protease inhibitor 1 L], JIA—2{4k
T 3 x loading buffer,96 °C 30 min Ji, % W &5 0
(13000 r/min, 15 min) , 3% R0 4288 AR BOA
1.4 BRRFE LM GFP-LC3 FhfE

B3 6 em B53RILH 37 °C 5% CO,2H
JLEEFRAR rh R, 2 A0 IR B 70% A2
o MANRIREE, 24 h J5 8 5 G4 Jm A0 B2 7 3] 6l 4
TEF 1Y 6 fLBH TR B, A C42 AL BRAMHL 45
SE I [8] 5 AR 4 M 2 1

M3 6 em FEFRILAF,37 C 5% CO,4H

Reagent
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Muds IR v s g %, EMIE A E i85 5160% —
70% ., H Attractene Transfection Reagent YL GFP-
LC3 ki DNA 24 h Je Bt 4L )5 4 B 20 21 6 FLAR
W SRR, I €42 Kb PR 45 E i TR] S B e
4% 2 PR R E E 10 - 15 min, 285 PBS
VE3 W, H A, ARG BB T WM, X GFP-LC3
R d R i S g
1.5 BEFRNH&E

# Hela AR 6 cm BEFEIMLH,37 °C 5%
CO, 4 M35 I 40 v 85 95 1 %, 2 4l & B A 3
60% —70% , 43 5IfI C42 1 DMSO AbH | 4bFHES i}
B, FHBEEE LA, 4 °C 1000 x g B> 5 min Y8
YL, ¥3 PBS PR 2 3, ZERINA 3% I 4 C [
SERT, = W I R 22 M BC I Y 1% 0s0,
FRIEE 1 h BEE BBk b3, 2 5 -
BEIEE , e R ST A T, U R
1.6 SREENTH

A [) %5 5 240 JL P A 1 25 4 b BB, 1 e A B
(B A B ), s Ry e ARG, R
SR FARBURRE A 2808 8% B 15% SDS-PAGE 435
FH,FE S PVDF K E, PVDF R 5% W5k & 4]
WEMRE 1 b, IAAE R ZEAG I A 2 —$t 4 C I
BER, P —$T 5 1E 2 TBST vk, — 9t (—HiM
XER ) BT sl bt ) W E 1 h RS
PVDF JEAE /N 3k A P e S 1| 7 S im0
WA RS B R XA TR b 38 Y I [A] J5
o FEICSRE R AT KT
1.7 MTS ( Non-Radioactive cell proliferation
assay ) 20 B iE 1A 3L 6

14 5000 — 10000 >4 i 53 2 96 FLA H, FEFLAK
R 100 pL, 2RSS A8 1) JC 21 DMEM 1553
Fe(F 10% fGA-1T5 ) , FFIAA R BE A 25 Ak 3
JIA 20 WL MTS/PMS( MTS: PMS =20:1),37 °C 5%
CO, M FHFEERFE 4 h ARSI, BEFRASC0 5E 490 nm
AbHY ODAE AR 3 LA B,
1.8 Real-time PCR # il
1.8.1 ZH¥AbiBia S 4mAa : H TRIzol 244NN, 1
HE TRIzol i BH P32 HLE RNA, {8 FH] Biospec-nano UV-
VIS 43T HINRE B RNA YR SRIFE R E 0.5 pg,
i Pn'meScriptTM RT reagent Kit S 5% cDNA , F|
B-actin N2 FHATHHINT & BTG, R 27%C,
TR E TR, B R 3 IR

1.8.2 S| # R 5: B-actin 51 ¥, LUFSIH):5-
GCCTGACGGCCAGGTCATCAC-3", F i 51 #1. 5'-
CGGATGTCCACGTCACACTTC-3";p62 KN 514y, I
W54 :5'-CATCGGAGG ATCCGAGTGTG-3", R3]
.5’ -TTCTTTTCCCTCCGTGCTCC-3"; PFKFB3 &
519, FWF5149.5'-GTGCCTTAGCTGCCTTGAGA-3'
WS4 :5'-CCGACTCGATGAAAAACGCC-3'
1.8.3 Real-time R KR FliE5[ 9/ Tifs1 49
(10 nmol/L)0. 5 pL,#ifi 1 wL,SYBR Mix 12. 5 L,
HIKEZARFR A 25 pL,

2 HERAAMN

2.1 C42 #5|# HeLa AIfAARFET-H K,

MTS J2&—Fh eSS 1 Aok 00 40 A 3% 1 9 7 1k,
()4 S A B Y 3G 58, 45 R HT ] C42 4bFE HeLa
AL 6 h A1 12 b A0 R RE C42 e JEE A3 T i ek
BOE 1-A), 2% ADP B % 4 B (poly ADP-
ribose polymerase , PARP-1) J& — 27 7E T Z B E A%
20 B v 1 AR BT R SR AR 1T, 116 kDa PARP-1 1)
FI°4 89 kDa J& caspase HAS I AH LI T~ 0 55 PR AR
A CA2 BEYIEI PARP-1 (8 1-B)  UEHTIZ LS
AEVS T Hela 40 & 4E caspase MM T, 40
M PAR IR R 2 2R AN st T U bRk, andkst
PR TS, A BEME4EEAE TS A Parthanatos aEcl14] o Mfd
FHEREE C42 b FRARALET , PAR /K3 (E 1-C)
FWI R BE 1Y C42 FTRES| R Z R 4l f st T 07 X
J TSR EIREE R AT kR AT T
AR AT M1 5], Z-V-FMK J& caspase ]
ZAHF A GZ A S Y IR BRI AR (0.1
pmol/L) (&l 1-D) ZNAGE ¢ 4 3 il s MR B €42 (2
pmol/L) BIE B TH P Z 2 (B 1-E) . il A PARP 1Y
) IS0 g B T ML AR (B 1-E),
Necrostatin-1 ( Nec-1) IR FEE I8 T f93m il 7007 | %
LB YIXT CA2 5k i 4 16 Pk &k B — e iy
HYEH . 3-MA (3-methyladenine ) , /& H WEHY ) 1Z 410
il e T LA A AR T A 3-
MA A LAH S A0 C42 5158 %) 4 A i M 1 25 2% (1A
1-D) . 5 1SO H1 Nec-1 A, it 3-MA & & Z-V-
FMK 7 B 25 ] B IR0 i 16 1, 3k BB 45 2R KRB, C42
AES I HeLa UM AFSET- 52, A [E40MI4E T 18]
AT REAFAEA S g, Rl —FaET, i TR Hr 2k
FEAE AT AR s S gE T X
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A) (D) | DMSO
& Ctrl - W 7.V-FMK
= 0.10 2 )

0.25 =
120 m 050 |C42(@umolL)  §
2 100k . m 100 <
£ 100 =200 $
S 80F “ B
s =
T g
é 40 Ctrl C42
S
>
2 (E) 0 DMSO
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2 1201 = 3-MA
3 =[SO
= 100 = Nec-1

(B) ©) £ ol

C42(umoll) 0 0.5 1.0 % 60}
C42 (umol/L) 0 0.1 . 2 ol 3
parp FE —116kDa PAR e 2 o |
e —89 kDa S 3 3
ERK1/2 ERK1/2 [ - 0 |

PAR/ERK 1.0 23

3.4
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B 1. C42 ATLA5|E HeLa AR EMFETHT X
Figure 1. C42 induces multiple cell death pathways in Hela cells. A, D and E: HelLa cells were treated with C42 (D 0.1 wmol/L; E; 2.0 pmol/L)
upon to 12 h (D and E; 12 h) in the presence or absence of Z-V-FMK (20 pmol/L), 3-MA (2 mmol/L), ISO (30 pmol/L), or Nec-1 (30 pmol/

L), cell viability was analyzed by MTS assay as described in materials and methods. Data are presented as mean + SD and are representatives of three

independent experiments. * P <0.05; * * P <0.01. B; Hela cells treated with C42 (0. 1 wmol/L) for 12 h before analyzing by immunoblotting with

the indicated antibodies. Similar experiments repeated three times. C: HelLa cells were treated with C42 (0.5 pmol/L and 1. 0 pmol/L) for 2 h before

immunobloting analysis with the indicated antibodies. Densitometry was performed for quantification, and ratios of PAR to total ERK1/2 (tERK) are

presented below the blots. Similar experiments repeated three times.

2.2 RiFRBEEEEIEMT C42 F 5K HeLa 4
BT

BECN1 J& [ WER)—A 2 4 JE P, 7 A v
FEZEIFR R Ate6 , 02 11 # PI3K & &)1 —
A A A O 1 1 4% 3 ( microtubule-
associated protein 1 light chain 3, MAP1-LC3,LC3) J&
H WS W52 6 A e W9 [ S PR ]
SER A AR R Y, & (Chloroquine, CQ) J&
—FiE T AR B A S, e v
TR/ pH (B A WK 5 A RS, CQ IAFTE
il LC3-TT 8 A sy & 410 0 o TR A
BHRZ5T 42 51 HeLa 40 B9 J8 T2, T AT w R
T AMESREN L3 1 BECNT , S5 500 . 2% [ W 3L 7
Beemt, c42 51 A PARP-1 4% W B840, i CQ
A AEE— 38 T /N Be PARP Y18, B A W
X} CA2 17551 caspase (1) 4H M8 T HAT 30 i 1F
FH(E 2-A) o MTS BEER R, A WL A 2k 2=
TR C42 SIS Rk (B 2-B) . &
WEEIRFRW], C42 51 A W Re 08 3 i HA% 5 0 9
T,

2.3 C42 %5 HeLa 40A B EMA LN

7 5 B R R E T ) HOE A A
WA AT SRR L S T HE— B EIA c42 2T
BEf S | R A0 [ W 28 C42 il HeLa 20 2 h, i
8 5 L P A I T A ) 5 B
(E3-A), @5 HE I GFP-LC3 & —FP [ Wik
FRic ), IEHCIRASTT, 408 Ll A9 B WK 51,
GFP-LC3 KA I R A . 24 A WeEwkis
S5, GFP-LC3 %I LAER LI UG8 & 7 A et 1
R SR, P AR SS R BN, Y c42
1% HeLa 4015 , GFP-LC3 FHVE SU80CE FF b T 1M
15 CQ FEAEMIE LT, GFP-LC3 S50 i3 T ( & 3-
B) X W% CQ FHIKF T GFP-LC3 f{)F&f# , Ui B
W A 3G,
2.4 CR2FEMBEEREE p62 WRIXIES

AW — AR, B R pro-LC3 £
— U651 [ W AH G B 0 A RN, 45 PE
( phosphatidylethanolamine ) 5 B¢ i%, LC3-11, B i
2 HBF LC3-11 K A BEAR T B2 i T B MR 1
o, WIS O AR LC3-1T b 33 [ A | {H 3 9F:
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(A) ) )

Mock siLC3 siBECN1

C42 — + + = + + — + +
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BECN | s .
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(1] e SRR~ o cdii—
rr 2 I S s S
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- Da < 40L
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—89 kDa 5
= 20}
=
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Figure 2. Autophagy attenuates C42-induced caspase-dependent apoptosis. A: Hela cells were transfected with control

(Mock) or BECNI and LC3 siRNA; 48 h after transfection, cells were treated with C42 (0.1 pwmol/L) in the presence or

absence of CQ (25 wmol/L) for 12 h before immunobloting analysis with the indicated antibodies. Densitometry was performed

for quantification, and cPARP to PARP are presented below the blots representing the results of three independent experiments.

B: Hela cells in (A) were treated with C42 (0. 1 wmol/L) upon to 12 hj cell viability was analyzed by MTS assay. Data are

presented as mean + SD and are representatives of three independent experiments.

(A)

Cul , C42+CQ

70
60
50
40
30
20
10

Punctate LC3/cell

Ctrl C42  C42+CQ

3. C42 %5 HeLa AR B B4R IE 0

Figure 3. C42 induces autophagosomes in Hela cells. A Electron microscopy was performed on HeLa cells following C42

treated (0.1 pwmol/L) for 2 h; B: HelLa cells were transfected with a plasmid expressing GFP-LC3. 24 h after

transfection, the cells were split onto coverslip and incubated for 12 h before treatment with C42 in the presence or absence

of CQ (25 pmol/L) for2 h at 37 °C in DMEM medium with DMSO ( Cirl) , €42 (0.1 pwmol/L). Following fixation, cells

were immediately visualized by fluorescence microscopy. The number of punctate GFP-LC3 in each cell was counted, and

at least 100 cells were included for each group. The double asterisks denote significant differences from control.

AREEAC T [ MER IR ;1 CQ % [ ME-E B A Bl & 1Y
PP AT LT LC3-11 B fi , AT 2 85 LC3-11 7K
-, 3K FE LC3-11/ Actin FUAELREAR LT 1) S0 1) 19 g
WP AN B YR Y C42 AR T LC3-11/ Actin
LA, (HZ C42 A1 CQ LRI b B L Bl C42 b3
LC3-11 BH 38 , Ui BHASTRIVR 1 C42 4RE5 |40 i
H W (E 4-A) , p62(SQSTM 1) J&—A>EAG LR fE
iz ZEAEN, p62 A—15 LC3 HHEAEAR
XI, BEME 5 LC3 ELHEVER, p6o2 i mT LIRS 542
EAZH5ZMES WK 2R, pe2 25 A nErid
FEIFDE AR AR ] B WERE DS T3 p62 JKFHE &,
K p62 AT AVE R —A~ A Wghrad , w] LS e F 5 3
TP R BATEB, kA ca2 AbHE p62 I 1%

H WK 4-B), EfF RT-PCR 45 R 8% c42 A
p62 AKX AT S p62 TE R FK AR A J5
HZ—(E4-C), FHh R C42 T2 p62 KTy H:
SR A A R T4 5 BRI IGIESE
2.5 PFKFB3 #J$I71&M T C42 5| R HAAT
PFKFB3 J& 3 JUAEHUIRE 167 193 1 A 0
[, % & RT-PCR 145 3% R, c42 o] DL |
PFKFB3 )% 5K (| 5-A), Bk, e 7 3 )
PFKFB3 (1Al 625 TS JH T, PFK-
15 1 3-PO ¥J& PFKFB3 B35, I MTS J7 4
AR B IS 1 , % B0 PFK-15 A1 3-PO HJREHG N €42 5|
E AN ES (K 5-B) , [FF, PFK-15 Fi1 3-PO
WHINT C42 5I#E M PARP-1 Y& (& 5-C), ik
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A)
C42 (umol/L) 0 0.05 0.10 025 0 0.05 0.10 0.25

LC3-T |
LC3-11
ACN e e e o e —— —
LC3-TI/A 1.0 13 09 08 18 19 18 16
(Fold) 19 24 22

(B)

©

S
N
[

20F
1.5
1.0
0.5

Relative mRNA level

0 0.10 0.25
¢(C42)/(umol/L)

4. CR2 FIMBHEHEEE p62 MRIEES

Figure 4. C42 activates autophagy concurring with an increase in p62
level. A and B: Hela cells were treated with C42 (0.05 - 0.25
pmol/L) for 2 h before immunobloting analysis with the indicated
antibodies. Densitometry was performed for quantification, and LC3-IT
and p62 to actin are presented below the blots representing the results
of three independent experiments; C: HeLa cells were treated with
C42 (0.1 pmol/L and 0.25 pmol/L) for 2 h, qPCR was used to
detect the expression of p62. The ratios represent results of three

independent experiments.

gELFEN  BEEE MR R T 3L PFKFB3 25T €42 5]
2.6 PFKFB3 £5 C4&2 FSHBR

T BHIE PFKFB3 2525 T C42 B Fr9 41
B, FR AT T 78 PFK-15 F1 3-PO FE7E M 5 0F
WA EOL . 16 CQ fETEM Z61F T, S48 Cc42 N
3-PO JL[RJ4bHE 2 b mT AN LC-IT By &, (H2RT#H
HIRREMH p62 BIF%fR, C42 5 PFKFB3 A4 1 i 571
BCA N 12 h, CQ BEASRESE &1 LC-1T 7K, thoR
REIH po2 HYRAESA# , FIRSEF 0] PFKFB3 1 7
RERELIBT C42 5510 F W & A H et T Al i Jd -
(El5-C FE 6-A) o Tk, ATFI L PFKFB3
BRRBREIR Y T Hela 4008, M T MRS B A LR (00
o, HFRIA L] LU PO B sk g2 (1 6-B)
o PEH AR 4t S o, AH LA s 3 Mk IR o i Rk
PFKFB3 (21 F WK F3E I, [R5 % PFKFB3 J5

(A)
3
k3
p
4
£
(o)
2
=
(5]
-4
0 0.1
¢(C42)/(umol/L)
B)
0o
120 = 0.1 | €42 (umol/L)
S 100
5
S 8of
3
S oor
2 40f
=
= 20f
>
DMSO PFK-15 3-PO
© c2 - + - + - +
PFK-15 — — + + — =—
3P0 — — — — + +
cPARP/PARP 10 08 37 07 65

5. PFKFB3 #HIFIEMNT C42 51 M 4EMIAT

Figure 5. PFKFB3 inhibitors increase C42-induced apoptosis. A
HeLa cells were treated with C42 (0.1 wmol/L) for 2 h, qPCR
was used to detect the expression of PFKFB3. B: HeLa cells were
treated with C42 (0.1 pmol/L) in the presence or absence of
PFK-15 (4 pmol/L) or 3-PO (15 pmol/L) upon to 12 h; cell
viability was analyzed by MTS assay as described in materials and
methods. Data are presented as mean =+ SD and are
representatives of three independent experiments. C: Hela cells
were treated with C42 (0.1 wmol/L) in the presence or absence
of PFK-15 (4 pmol/L) or 3-PO (15 pmol/L) upon to 12 h
before immunobloting analysis with the indicated antibodies.
Densitometry was performed for quantification, and the ratios of
cPARP to PARP are presented below the blots. Similar

experiments repeated three times.

A2 p62 JKF- T R, X BT C42 AT LAREAIR
p62 W3k, H 55 20 R e e A DG 81 3 AL 1) 33k
RAE K (K 6-C), Fikgs W] PFKFB3 AU
5T c42 5LEMPET: FRFZ0m T C42 5S40
AW, a8, BATHE L R g PFK-15 if )& 3-PO
AT DAE S 40 E W &R (B 6-A) |, X BE PFKFB3
RA T REAE [ Wit A v R 43 XU A
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(A)
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Figure 6. PFKFB3 is involved in C42 induced-autophagy. A: HeLa cells were treated with the indicated compounds (C42:
0.1 pmol/L, PFK-15; 4 wmol/L, 3-PO: 15 pmol/L) in the presence of CQ (25 pwmol/L) before immunobloting analysis

with the indicated antibodies. Densitometry was performed for quantification, and the ratios of p62 and LC3-II to actin are

presented below the blots. B: HeLa cells were transfected with adenovirus (vector, PFKFB3). 24 h after transfection, the

cells were split onto coverslip and incubated before treatment with DMSO for 2 h at 37 °C. Following fixation, cells were

visualized by fluorescence microscopy. C: Hela cells were treated with C42 (0. 1 pmol/L) for 2 h in the presence of CQ

(25 pmol/L) before immunobloting analysis with the indicated antibodies. Densitometry was performed for quantification,

and the ratios of p62 and LC3-II to actin are presented below the blots. Similar experiments repeated three times.

3 it

BETE f AN W 6 2R BT 58 H AT AR > 7E 1 0F
FMIRATE M, =5 B0 o TR ORI
PFKFB3 g7 C42 715 a9 4 i 8 T Fn [ W o 72,
WFFE 45 B2 W], C42 5 PFKFB3 1 30 i 1565 17 F
FEASREIE T2 B iy 1 ek, {EL I f 400 1) 240 6L ) 3 5 F
TESEA IR T,

V22 I H A ELAT S TR0 58 R e it 8 45 Tl
BRI WG 2 (PFK2) , B RE I A R KR -2 ,6-—
B2 (F-2, 6-BP) & 343G PFK1, A 11 3 i i 75 fig
B SRR AL A IR B, B A AN (L e AR
R, 11 L RE B AL i yeg 440 it PR skt 34 58 BT 75 1) — 26K
ST RSy PRK2 (1437 75 2 XL BE il
AT IT k5L Al 1 S W Il P 2% R S M PFK2
(7R Z — PFKFB3 FEAR Z 9 0E A ot 3Rk, H
IR PR R W R Y 700 £24% . PFKFB3 fi i

T2 3 s o i AR 0 98 s DR S e R AR
WK RAS (rat sarcoma viral homolog) T 1R
G 2 (1 (AMPK) %55 530 %™ 0 A7 SCk i i
PFKFB3 1)/INrF TR GRS T i) RAS Z8 748 1) 98 4
JAE S SCEe R B 1 A ] PFKFB3 11L&
YIRERS PRS2, 6- B IR 1Y /KT, I8 2% B5 Hi 7R
A, R DL PFKFB3 A #0 5 T A bodis 25 4 /2 H
AIFFE R — A ) 5 AWF5E & B, PFKFB3 fi#
RS> [ W A TR st R it 2 20 B R T 3
ST A 45 2581, PFKFB3 Y40 61 #0201 c42
SR AR A W R T A R g T, o
HRIA PFKFB3 REFl o4 im C42 R H WM, 76
BesRoKOF |, C42 fe42 5 PFKFB3 WKk, TE4S

AN &R HCT116 v A N & B4 il PFKFB3 HEfE
PEANAE R AW S esk RAR L, AT K B
PFKFB3 iy #1551 ¥ GE 42 1F 20 Jfd [ me, X A,
PFKFB3 520 A W AR S A 2 G %, RATIEM I
W R B, TE B 9 FUE IR A & b, PRK-15 A6



ZRBA%E . PFKFB3 257 11" -deoxyverticillin A ( C42) 1% 549 HeLa 20 A W0 T, /I 741 (2015)55(11) 1399

PR T AW A (SRR T ) . bk
A 235 SR 24 S s T AR R A R T L TR 5 4 1 A O R
BRI,

S8 TR W AR A IR, — 2
PRI T A LR o] AR B W TR 2, T A
PFEFXT T A s, BAREIE T 5 [ R e
F, HATHAELE 3 FE AL, A WEAE R T, 3w
IR T LA S F AR T A B PR AR A AT, 2
PR A W 2 BRI B At 2 & AR IRAE . FR AT
SYRIN, C42 T LS HeLa 40774 3 FhAR[E FIAE
T AW T IRBE) o 24 W B R
C42 figfe iff PARP-1 (W 8Y 9], Ui B [ W) H % 1
R T B EIE AR K, Z-V-FMK
REVA AN [ Rk, R ATIHED , Z-V-FMK 5]
HeLa 4% &R T RE S A ¢

H WY & AR AR AR S p62 EHREAR, THAE
RS, Boph C42 AL FR Hela 4RI, p62 75 7E A
K EIF A PR, E & RT-PCR FATE M,
C42 1] LATERE SRS b3 iz L IR (R 3835, X ] g
& C42 R A WA po2 MYJEE Z—, BT
W E LU, p62 By FEARAEAE L2 T LC3-11 (11
I O AR I R W, A S R R
JEATEREE p62 MIREIR, WA SCHkTs i, p62 &
AR E A & A T USRI 7R
—NZIIRERI R 1, A L F WY A TR p62 S
5. 57z R0 H R A O A e 2R F S R
122 1l (resveratrol ) 15 1 H BEDS L BRib =z 4,
p62 i 597 F k-5 R A IR AR OC R BT, 1 AR
P AL T RE 23 5% e L R i IXFE C42 2 /&5
M i% 8 B s R A 1 T — LMo, A
i # ik PFKFB3 B4, C42 mT A5 [HE p62 /Y
AR, BRI C42 T8 po2 2235 ok SR G
X, GEAZRITBBETEDT, C42 TN H W R
Bl p62 1R 5 40 M 3R A OC, FRATTHE U 5 AR A7
Al BE55 40 B BE AR K T A SCHE . #E HeLa 41,
p62 JE R IRIZIL A WA AT LA A RS R
WS UESE

M EZMR T RATEI T C42 5LEMIE T
HE W SRR O TR AW I B R IR 1 1k
A5 IR A s I a4 A2 22 (R 0 6 R, AL RE T
T M AR IR 0 R A R R AR XX R A
F14) i 3 R T T R A g v T T S LS B

i BRI EFEFAFRE R T4
0 ERBARM Y C42) Bt P BA s A
BRI EFERRALTALHIFEH o

%% ik

[ 1] Sun Q, Chen XX, Ma JH, Peng HY, Wang F, Zha XJ,
Wang YN, Jing YL, Yang HW, Chen RR, Chang L,
Zhang Y, Goto J, Onda H, Chen T, Wang MR, Lu YY,
You H, Kwiatkowski D, Zhang HB. Mammalian target of
rapamycin up-regulation of pyruvate kinase isoenzyme type
M2 is critical for aerobic glycolysis and tumor growth.
Proceedings of the National Academy of Sciences of the
United States of America, 2011, 108(10) ; 4129-4124.

[ 2 ] Koppenol WH, Bounds PL, Dang CV. Otto Warburg’ s
contributions to current concepts of cancer metabolism.
Nature Reviews Cancer, 2011, 11(5) ; 325-337.

[ 3] Song K, Xu XJ. Glycolytic mechanisms in cancer cells.
China Academic Journal Electronic Publishing House
2012, 39(16) : 1239-1242. (in Chinese)

RAE, VFHEAE. R 200 L % 0l 1 e B 2 AOB AL AR,
el BRI IR, 2012, 39(16) : 1239-1242.

[ 4 ] Ros S, Schulze A. Balancing glycolytic flux; the role of 6-
phosphofructo-2-kinase/fructose 2, 6-bisphosphatases in
cancer metabolism. Cancer & Metabolism, 2013, 1(1) . 8.

[ 5] Peng QP, Liang HJ. Specific phenotype for glycolysis in

Chinese
Clinical Oncology, 2009, 14 (5). 470473. (in
Chinese )

HCE, BRI, WERE A 7E B A 20 A
SV R SR W R A 24K, 2009, 14(5) -
470-473.

[ 6 ] Chesney J.
bisphosphatase and tumor cell glycolysis. Current Opinion
in Clinical Nutrition and Metabolic Care, 2006, 9(5):
535-539.

malignant tumor cells and its significance.

6-phosphofructo-2-kinase/fructose-2,  6-

[ 7] Cho YS, Park SY. Harnessing of programmed necrosis for
fighting against cancers. Biomolecules & Therapeutics,
2014, 22(3) . 167-175.

[ 8] Vermeulen K, Van Bockstaele DR, Berneman ZN.
Apoptosis; mechanisms and relevance in cancer. Annals
of Hematology, 2005, 84(10) . 627-639.

[ 9 ] Mizushima N. Autophagy: process and function. Genes
Development , 2007, 21(22) . 2861-2873.

[10] Thorburn A. Apoptosis and autophagy: regulatory

connections between two supposedly different processes.

Apoptosis, 2008, 13(1) . 1-9.



1400

Pengjun Qin et al. /Acta Microbiologica Sinica(2015)55(11)

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Dong JY, He HP, Shen YM, Zhang KQ. Nematicidal
epipolysulfanyldioxopiperazines from Gliocladium roseum.
Journal of Natural Products, 2005, 68(10) ; 1510-1513.
Shi YD, Zhang YQ, Ni YX, Shi GL, Yang HY. I1'-
Deoxyverticillin =~ A caspase-dependent
apoptosis in  PC3M Chinese
Biotechnology, 2012, 28(1) : 96-103. (in Chinese)
W, sl Rk, i, LEF, R 1A
BRTEE A SIERFTPRE PC3M 41 Caspase 8 1)
BT, AW TR, 2012, 28(1) : 96-103.

Schlegel J, Peters I, Orrenius S, Miller DK, Thornberry
NA, Yamin TT, Nicholson DW. CPP32/Apopain is a key

induces cell

cells. Journal  of

interleukin 1?7 converting enzyme-like protease involved in
Fas-mediated apoptosis.  The of Biological
Chemistry, 1996, 271(4) . 1841-1844.

Aredia F, Scovassi Al. Poly ( ADP-ribose) : a signaling

Journal

molecule in different paradigms of cell death. Biochemical
Pharmacology, 2014, 92(1) ; 157-163.

Gonz dlez-Polo RA, Boya P, Pauleau AL, Jalil A,
Larochette N, Souquere S, Eskelinen EL, Pierron G,
Saftig P, Kroemer G. The apoptosis/autophagy paradox:
autophagic vacuolization before apoptotic death. Journal of
Cell Science, 2005, 118 (Pt 14) . 3091-3102.

Wieler S, Gagné JP, Vaziri H, Poirier GG, Benchimol S.
Poly( ADP-ribose ) polymerase-1 is a positive regulator of
the p53-mediated G1 arrest response following ionizing
radiation. The Journal of Biological Chemistry, 2003, 278
(21) . 18914-18921.

Degterev A, Huang ZH, Boyce M, Li YQ, Jagtap P,
Mizushima N, Cuny GD, Mitchison TJ, Moskowitz MA
Yuan JY. Chemical inhibitor of nonapoptotic cell death
with therapeutic potential for ischemic brain injury.
Nature Chemical Biology, 2005, 1(2); 112-119.
Seglen PO, Gordon PB. 3-Methyladenine; specific
inhibitor of autophagic/lysosomal protein degradation in
isolated rat hepatocytes. Proceedings of the National
Academy of Sciences of the United States of America,
1982, 79(6) . 1889-1892.

Galluzzi L, Vitale I, Abrams JM, Alnemri ES, Baehrecke
EH, Blagosklonny MV, Dawson TM, Dawson VL, El-
Deiry WS, Fulda S, Gottlieb E, Green DR, Hengartner
MO, Kepp O, Knight RA, Kumar S, Lipton SA, Lu X,
Madeo F, Malorni W, Mehlen P, Nufiez G, Peter ME,
Piacentini M, Rubinsztein DC, Shi Y, Simon HU,
Vandenabeele P, White E, Yuan J, Zhivotovsky B,
Melino G Kroemer G. Molecular definitions of cell death

[20]

(21]

[22]

(23]

[24]

(25]

[26]

(27]

(28]

[29]

nomenclature

Death

recommendations of the
cell death 2012. Cell

Differentiation, 2012, 19(1) ; 107-120.

Liang XH, Jackson S, Seaman M, Brown K, Kempkes

subroutines ;

committee on and

B, Hibshoosh H, Levine B. Induction of autophagy and
inhibition of tumorigenesis by beclin 1. Nature, 1999,
402(6762) . 672-676.

Tanida I, Ueno T, Kominami E. LC3 conjugation system
in mammalian autophagy. The International Journal of
Biochemistry & Cell Biology, 2004, 36(12) . 2503-2518.
Degtyarev M, De Maziere A, Orr C, Lin J, Lee BB, Tien
JY, Prior WW, van Dijk S, Wu H, Gray DC, Davis DP,
Stern HM, Murray LJ, Hoeflich KP, Klumperman J,
Friedman LS, Lin K. Akt inhibition promotes autophagy
and sensitizes PTEN-null tumors to lysosomotropic agents.
The Journal of Cell Biology, 2008, 183(1) . 101-116.
Ylid-Anttila P, Vihinen H, Jokitalo E, Eskelinen EL.
Monitoring  autophagy by electron microscopy in
mammalian cells. Methods in Enzymology, 2009, 452.
143-164.

Mizushima N, Yoshimori T. How to interpret LC3
immunoblotting. Autophagy, 2007, 3(6) ; 542-545.
Bjgrkgy G, Lamark T, Brech A, Outzen H, Perander M,
@vervatn A, Stenmark H, Johansen T. p62/SQSTMI
forms protein aggregates degraded by autophagy and has a
protective effect on huntingtin-induced cell death. The
Journal of Cell Biology, 2005, 171(4) : 603-614.
Bobarykina AY, Minchenko DO, Opentanova IL,
Moenner M, Caro J, Esumi H, Minchenko OH. Hypoxic
regulation of PFKFB-3 and PFKFB-4 gene expression in
gastric and pancreatic cancer cell lines and expression of
PFKFB  genes cancer.
Polonica, 2006, 53(4) . 789-799.
Zhang WH, Liu Y, Chen XZ, Bergmeier SC. Novel

in  gastric Acta  Biochimica

inhibitors of basal glucose transport as potential anticancer
agents. Bioorganic & Medicinal Chemisiry Letters, 2010,
20(7) : 2191-2194.

Atsumi T, Chesney J, Metz C, Leng L, Donnelly S,
Makita Z, Mitchell R, Bucala R. High expression of
inducible 6-phosphofructo-2-kinase/fructose-2 , 6-
bisphosphatase ( iPFK-2; PFKFB3) in human cancers.
Cancer Research, 2002, 62(20) . 5881-5887.

Yalcin A, Telang S, Clem B, Chesney J. Regulation of
glucose metabolism by 6-phosphofructo-2-kinase/fructose-
2, 6-bisphosphatases in

cancer. Experimental and

Molecular Pathology, 2009, 86(3) ; 174-179.



ZER% . PFKFB3 251 11'-deoxyverticillin A(C42) 1% 549 HeLa 4000 & W 0 T, /BUE 74 (2015)55(11) 1401

[30] Clem BF, O’Neal J, Tapolsky G, Clem AL, Imbert- [34] Santoni M, Amantini C, Morelli MB, Liberati S,
Fernandez Y, Kerr DA II, Klarer AC, Redman R, Miller Farfariello V, Nabissi M, Bonfili L, Eleuteri AM,
DM, Trent JO, Telang S, Chesney J. Targeting 6- Mozzicafreddo M, Burattini L, Berardi R, Cascinu S,
phosphofructo-2-kinase ( PFKFB3 ) as a therapeutic Santoni G. Pazopanib and sunitinib trigger autophagic and
strategy against cancer. Molecular Cancer Therapeutics , non-autophagic death of bladder tumour cells. British
2013, 12(8) . 1461-1470. Journal of Cancer, 2013, 109(4) : 1040-1050.

[31] Niu SB, Yuan DD, Jiang XJ, Che YS. 11'- [35] Matsumoto G, Wada K, Okuno M, Kurosawa M, Nukina
Deoxyverticillin A (C42) promotes autophagy through K- N. Serine 403 phosphorylation of p62/sqstml regulates
Ras/GSK3 signaling pathway in HCT116 cells. Protein & selective autophagic clearance of ubiquitinated proteins.
Cell, 2014, 5(12) : 945-949. Molecular Cell, 2011, 44(2) ; 279-289.

[32] Xu Y, Kim SO, Li YL, Han JH. Autophagy contributes [36] Zhang J, Ma K, Qi TT, Wei XN, Zhang Q, Li GW,
to caspase-independent macrophage cell death. The Chiu JF. P62 regulates resveratrol-mediated Fas/Cav-1
Journal of Biological Chemistry, 2006, 281(28) : 19179- complex formation and transition from autophagy to
19187. apoplosis. Oncotarget, 2015, 6(2) ; 789-801.

[33] Myeku N, Figueiredo-Pereira ME. Dynamics of the [37] Zhang N, Chen YL, Jiang RX, Li EW, Chen XL, Xi ZJ,
degradation of ubiquitinated proteins by proteasomes and Guo YL, Liu XZ, Zhou YG, Che YS, Jiang XJ. PARP
autophagy: association with sequestosome 1/p62. The and RIP 1 are required for autophagy induced by 11’'-
Journal of Biological Chemistry, 2011, 286(25) ; 22426- deoxyverticillin A, which precedes caspase-dependent
22440. apoptosis. Autophagy, 2011, 7(6) : 598-612.

PFKFB3 regulates 11'-deoxyverticillin A ( C42 ) -induced
autophagy and apoptosis in HeLa cells

. .12 1.2 . . 2 . 1 . 2
Pengjun Qin"*, Tongyang Chen ', Qiangian Lu", Fengqing Hu *, Huaiyi Yang
"School of Life Science, Liaoning University, Shenyang 110036, Liaoning Province, China

* Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China

Abstract ; [ Objective ] The aim is to reveal the role of PFKFB3 in 11'-deoxyverticillin A ( C42)-induced autophagy and
apoptosis. [ Methods ] Electron and fluorescence microscopy, immunoblotting, MTS assay, siRNA interference and real
time PCR were used. [ Results] C42 could induce multiple cell death in HeLa cells. Knockdown of either Beclin 1 or
LC3, two important autophagic genes, increased both PARP-1 cleavage and cell viability loss. Although high dose of C42
triggered more cell viability loss, yet, it failed to augment autophagic flux. While PFKFB3 inhibitors attenuated C42-
induced autophagy, the overexpression of PFKFB3 increased the induced autophagic flux. [ Conclusion] PFKFB3 is
involved in C42 induced-autophagy, which blunts the caspase-dependent apoptotic process.
Keywords: C42, autophagy, apoptosis, glycolysis, PFKFB3
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