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A New Kind of Imidazoles Induces Tumor Cell
Autophagy via AMPK/mTOR Pathway

Ma Mengjiao,Jin Dong,Zhang Guangqin, Yu Xiaolu,Wen Chuanjun
(School of Life Sciences,Nanjing Normal University, Institute of Molecular and Cell Biology , Nanjing 210023, China)

Abstract : Autophagy is closely related to the tumor occurrence. By preventing the accumulation of toxicities in damaged
proteins and organelles, autophagy limits oxidative stress, chronic tissue damage and oncogenic signaling, inhibiting the
development of cancer. This indicates the role of autophagy activation in cancer prevention and treatment. It was found a
new imidazole named NO.143. PANC-1 was used as a model to detect the effect of different concentrations of NO.143 on
cell viability by MTS. The autophagy fluorescence spots were observed by confocal microscopy. Western blot was used to
detect the expression of autophagy-related proteins LC3B, ATG13, p62 and the expression of AMPK/mTOR signaling
pathway-related proteins. The results showed that NO. 143 showed a concentration-dependent inhibition of tumor cell
proliferation. NO.143 can significantly increase autophagic fluorescent spots in cells, increase LC3B expression, ATG13
content and p62 degradation. These results show that NO. 143 can significantly up-regulate autophagy in tumor cells.
Further studies showed that NO.143 was able to increase the phosphorylation level of AMPKa and reduce the phosphoryla-
tion levels of mammalian rapamycin target protein (mTOR ) and S6. Conversely, this phenomenon reverses after inhibiting
AMPKa activity. These results may indicate that NO.143 induces tumor autophagy through the AMPK/mTOR signaling
pathway and inhibits tumor cell proliferation.
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755 TR 20 O 18 S e 0T A ) 38 1H-imidazole )
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1.1 RIS

BT A NO. 143, 4 E KT 98%. H5 HARIE A T DMSO H, ¥ B2 10mmol/L, FEPR-FF T =20 C.
Compound C AICAR W4 H Sigma 723 Al ; = DMEM FfiG 4 1L (fetal bovine serum , FBS) 4 H 22 F Gibeo 4=
P12\ 7] 100U/ ml %55 2 (penicillin) . 100U/ml £ 3 ( streptomycin ) #1155 0.25% 1) EDTA JB 2 i W F 2
PR A p-AMPKa , AMPK | p-S6., S6 . p-mTOR . mTOR HLARI [ CST 24 %] ; LC3B, p62, ATG13 i {K Iy H
ABCAM 7 ] ; B-actin JUAR N B U1 A= YR8 A B> 7, GAPDH Hit iR A L #4523 7 s MTS 3457014 A
Promega 75 ] ;1ip2000 W H Invitroge 2 7] ; ECL =80 & Y H EL S F.
1.2 SEIG4HAR

NIHEMRE S AR (PANC-1) , B SR 40 R (HeLa) ¥ A ARSLRG AR 1T
2 SESSITE
2.1 HpaEEsF

PEURAF B A A R DO R BB 78 42 CoKi s i B IR e 3, B &2 58 2 Rldb. H 75% 11
TAEIH AR A G TAES o TR LB WA R AT E R L 0 & 7 mL 35525 (% 10% i 2R 1
T 1% 30T 72 2 FIEERE 2 1 DMEM 58234557 58 ) (3G SR L, 28 SOIR S 4. 7E L5 F i3 WA 4
Maga R BEFR N HIH BT 5% CO,.37 CHiFRfah i FR. K2y 8 h 5, 40MUIGBE 5 ] PBS V&R B i &5
A DMSO WS FR5E , WG R R4 — RIG IR . Y 240 ML %% B2 8 1) 80% e Ay, W K 3% 97 B 0T M PBS W5 6k, H
1 mL 0.25%JB5E I (& EDTA) AL 40E %1,
2.2 {KSMEPEIETE(MTS) ME

RN K 300 P 200 D i 5 P TS A 5 32 R T 96 FLAR P (AL 2 2% 10* 4HAE) , 3 A ] 1) e i 52
5 R BEE 5 ANE AL, BN 100 wL B3R358 RS RS BT A =/ . )5 b s R 3k,
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BALIA 100 pL B FRFEFAR AR EE 1Y NO.143. M E 4 :0.1 pmol/L.5 pmol/L 10 pmol/L,}55% 48 h
J& , WA R SRS PBS YE—i J5 , FEFLANA 100 pL 8532 LA 20 wL MTS/PMS (20 :3) IR A, 4k 215 3%
3 h, ZERFARY T 490 nm 4B E WG (OD {H) .
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GFP-LC3 [T R i 5295 28 ) 03 A 2, 485 447 00K A % B:Aif 47 - 80 °C. # HE Lip 2000 i B 430 ik i
YeF| PANC-1 4iffi. 24 h J5, FHIBEER (RGNS AL A0 M, HGE 3 5 R 25T T8 R () 24 FLACH K =
60% ~80% It , FHAN [V FE NO.143 AL AN, 8GR 57 8 h, SRS e € F, 3 F, 4l FH 2 5 £ W s UL 4¢
PN A WEBE . L Tmage J 3K AR F 430 T HAE 1 GFP-LC3 98 EHE 1 % .
2.4 Western blot #HXER
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BB IE4 CEMT, HEOHL 12 000 r/min B0 15 min B FIEBAHRE.OE T, IFINA 5xSample
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FHEATRIZE 5 225081 ( ANOVA ) S Mr8iis L E AR R 422 1) ) d 5 22 5. P (E.<0.05 $A M BAT Gei 24 3.
3 #R5hNe
3.1 NO.143 ) & 40 fe t 58

BN RMR T4 AN PANC-1 RS 8% Hela 41HE 2 1 NO.143 7E 37 CAb# 48 h. 31t Fghr{UH
MTS W5 B4 BT 4 i 3 5. &l 2( A, B) fr, NO.143 fed ] PANC-1, HeLa fO38 58 HAE % 500 f 4l Pk
[, 7F HepG2 M H o AT LI WRESF X a4k 5 & 2(E) s, NO.143 14 1C50 {E7E PANC-1 Z0fEh Fy 5.25
pmol/L,7F Hela 44 3.27 pumol/L. IX4EZ5E IR NO. 143 HE#E 1)1 AR A il AS [7] ey 210 B 1) A=

A Hela, 48 h B PANC-1,48 h
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3 < oal IC,,=3.737 8 pmol/L . S <€ Ll IC,,=5.253 5 pmol/L

-
0 L L L L L L L J 0 L L L L L L L J
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& A B H4351H 0.0.312 5 pmol/L.0.625 pmol/L.1.25 wmol/L.2.5 pmol/L.5 pmol/L .10 wmol/L.20 pmol/L ¥ NO.143 fb ¥
PANC-1 1 Hela #i1f 48 h,MTS ¥, F 490 nm AbASMIM (. K& C.D A#IE 4k, 15 2] NO.143 78 PANC-1 1 Hela 4118 7 9 1C50 43
B4 5.25 wmol/L A1 3.74 wmol/L. s . TR GXHBRAM L P<0.05, #* . TR 525 AXTIR4LAH L P<0.01.

B 2 NO.143 3 BihyeE 40 A i 58 59 22 Ml
Fig. 2 Effect of NO.143 on tumor cell proliferation
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3.2 NO.143 FSPhE A 5%

A W& AR LC3 &2 5 HWARAIE I, T35 GFP-LC3 Ay BRI G PANC-1 4 JF Wil 5 A4 () 1
A XFREZH A NO.143 369740, 78 PANC-1 2 i 4 r] A 21 LAY (%) GFP-LC3 FHPEZE 1. NO.143 ZbHEZH 1Y
P A WEBE UL 2 T X RRZH (1] 3) . A BRIl /3 M /R T #E PANC-1 2l v, LC3BIL/LC3BI #Y L. {5l B
Ab B [R] A 3 0T R0, O B R T R XA AR IR T AR SE IR A R RN, ATG13 £ 1 h Bl
SEEAIN ARG B T I, JEAE 12 h JE K B IE K. p62 7E 8 h J5 W N R IR . X Be 4k B g 1
NO.143 A] DA G# 755 PANC-1 40 [ et Hon] DLAER B A s ] (&1 4)

A B
1
- 14 *%
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8 12 ™
o E
280t
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=
2E& of
g2 4
< ©w
85 2f
. <7, |
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FEBIRA 10 pm. = SRR 5% AL P<0.05, =+ 7R P<0.01
E 3 10 pmol/L & NO.143 432 PANC-1 ZHff 8 h JS40AE A 35 5 B MBI S T 4K
Fig.3 Changes in intracellular fluorescence autophagic spots after treatment of PANC-1 cells

for 8 h with 10 pmol/L NO.143. Scale is 10 pm
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B4 E A.10 pmol/L B NO.143 53431 h2h 4h 8h 12 h 5, BEERFHEXEANTL. B B.ATG13 ERSEMERE
BWEMNTH. B C.pe2 EAS AT EHENTL. B D:LC3-I/LC3-NELEREREIMEEN. « RRNEITERA P<0.05, »+ TR P<0.01.
Fig.4 A, Changes in related proteins in the autophagy pathway after 1 h,2 h,4 h,8 h and 12 h of treatment with 10 pmol/L
NO. 143. B,Protein level of ATG13. C,Protein level of p62. D, Changes in LC3— I /LC3-1I ratio over time. * indicates P<0.05 with
the control group, ** indicates P<0.01.
3.3 NO.143 T SHHEES AMPK/mTOR 55 5F %
FERT RIS AR IE & B, AMPK/mTOR I 421 F Wi % A 2 A9 /R . R, 7 RE R A AR S 3 Y
ARV IR, AR SEEAG TN T PANC-1 4 i AMPK Al mTOR (93635 7K -, LAHESE NO.143 35519 F Wi AL
WA 5 Jizs 53 FO IRAUR HE, T NO.143 40 384 40 it h B IR AL 9 AMPK o 55 2 72 55 i [7] PN I 25 1
0,8 h R RS FNEH AT A AMPKa (19 R A 1, BEF B AL AMPKa FYHE I, mTOR [#ERRIL KT
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A 0 1 2 48 I2h B *l*
p-mTOR [#e == =" = = ] (289 kD) 4 T
= == 53 o
t-mTOR [ v - .| (259 kD) 2 E |
P-AMPKo. | qip @9 @ ~= - | (62 kD) = %; . ok
5 N1
z 2
t-AMPK . [ w w ww s =] (62 kD) % 5% 2-
p-Akt | - - | (60 kD) £ B 5
e | (16 kD) zZg1r
D S e e e
Le3B ;-—‘-= (14 kD) = 8 ﬂ g sk
ot ~0 | | | =
B-actin jum e —— - (41D kD) 0 1 2 4 3 m

A1 10 wmol/L NO.143 43 HIALEE PANC-1 280 1 h.2 h.4 h.8 h. 12 h. [& B;NO.143 4bFZH 40 g LC3- T /LC3- 1
FU A BE AL B AR R, Fon HXTHRAL P<0.05, ** F/R P<0.01.
E5 mTORESEBRPAEEARIZIENTK
Fig. 5 Expression level of different proteins in the mTOR signaling pathway

3.4 NO.143 N S/ &K AMPK

T HeAE NO. 143 S Qi id i3 AMPK/mTOR {5 Co_cGaicAic 14 14
=TS F I -1¢
ﬁk\ﬁﬁfﬁﬁﬂﬁ. A SBAE 6 fLAR TRl PANC-1 4 p-AMPKa | - “ - == 62 1D)
M, 3 LA 10 pmol/L NO.143. —#H A .
Compound C. Dorsomorphin ( Compound C) 2HCI J&— AMPKo. | - - ] M| (62 kD)

PG (AT 300 EFEPE AMPK #3150, A1, i

Fii AMPK 3475 3] AICAR 2 g [Tt 8. P56 | S| |~ -] 2 D)

A CC I, BT HEZEL T NO. 143 Ak HRZH v Y [ ———" I PO
ik AMPKa A9 7KF- i 2 FEAIG, I H mTOR 9 Ui
M p-S6 1 p-4EBP1 (7K Pt B (1 6) . Xk paepp] | ,. = .I(15N20 kD)
—UEH] AMPK 7E NO.143 % 519 [ 1 i e s E . e 'ﬁ - .|(15~zo o
LKB1 il CAMKK J2& AMPK #5555 ) B 1305 ik B ool
fit. AR SCHR, 76 Hela 40 h B2 LKBI1. PR, A5 Gapdh | - e - | - (37 D)
7 Hela 40P A NO. 143 ZEFRLIWASE AMPK M35 ccopmolny - + -+ - =+
€. QNP TA Jis, A5 Hela 4HH, NO. 143 {525 0T LA CC 7EZSYAbFERT 1 h WA, ZJ5 43 5 1 mmol/L AICAR,

% AMPKa, Jf H mTOR T 7 S6 BIBEFR LKL 10 pmol/L NO.143 40FH PANC-1 40 4 h.

W EA ], UEBH LKB1 IS 2 NO.143 #7% AMPK B 6 A AMPK I#HFEESEHRFETEANELER
Fﬁ ,Z‘ = E/J {%ﬁ% STO-609 7E CAMKK E/J f% fi m] % J Fig. 6 Protein level in the signal pathway after addition
3, AT A R CAMKK 9395 2. A ST0-609 /i of AMPIC inhibltors

NO.143 JY7 4 AMPKo B2 LK SEREAR (& 7C) . HR I, CAMKK 7] BEJ& NO.143 #7% AMPKo (¥

— TR R R ) TR
A CG 10 20 50 umolL B Hela Hela PC3 PC3 c CG NO.143 (G NO.143

SUIS| T 1 LN IR |

Gapdh E (37kp) Gapdh | DD -« | (37 (D) Gapdh I“I l-- (37kD)

STO-609 (10 umol/L) -

El7 [E A:Hela ZBf8f 10 pmol/L .20 pmol/L .50 pmol/L NO.143 432 4 h J§ p-AMPK 70 p-S6 254X & B Hela ZAf s LKB1
&2 ,PC3 #ff1h LKB1 PEIEXTER. B C:PANC-1 48/ A 10 pmol/L NO.143 422 4 h,STO-609 ZEANZHHET 1 h AU

Fig.7 A, Protein level of p-AMPK and p-S6 in HeLa cells treated with 10 pmol/L,20 pmol/L,50 pmol/L NO.143 for 4 h.
B,PANC-1 cells were treated with 10 pmol/L PQQ and NO. 143, respectively, for 4 h and STO-609 was added 1 h before dosing.
C,LKBI levels in HeLa cells, PC3 cells is positive LKB1 control.
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T, V22 ke Ak A5 1 L 45 I PR FVEDORE 2540, T HE 2 00 3 il e A% B R s iz 4570 NO. 143
T b R R AR A AR HOGEEBL T P RE RIS AMPK. X 2648278 NO.143 7] LUE o F WEfE
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AMPK , A Reit— 058, NO.143 RESTESN YRR HA MEIE R T — s i .
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