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 E. [HM) %] 3-methyladenine (3-MA ) X AR SW1990 0 i35 48 AT F8 B 2k HLIR T 19 52 i VB FH B HLMLa
[J73E] DL IR 4RI SW1990 Mk AR IH IR S48 1 B 4Bl HOCT SMFFEXT 4, % 3-MA AL FEZH K PBS X BAZH | % 4K B IE
TORERE R % Poly—HEMA 77 55 95 1 0 e AP T S T- M40 . Annexin V=FITC/PI AU AT TUNEL 2751 £ 35 4600 20 it o
T2 TRPEDOEIE JGE T B BRI AN AR 14 CCK-8 TR A I AN M3 78 5 Transwell /NERGIANMTERRE S . (4550 ] ALz
A L AN H6CT Ab 3R Font B 2R 24 To A Y5 I8 B, I B 400 L SW1990 AbFRZIE B (2.3 + 2.63) M4k, AT RERZATIE B (9 =
3)4~, 5 H6CT A, SW1990 EA B P SR T- 18 )1 (P < 0.05), 3-MA ]l s SW1990 4ilJi F W (P < 0.05)
FFAM I IG5 KT R RE 1 (P < 0.01) BB SR E T (P < 0.01), [4518] 3-MA 1] 175 S8 40 e SW1990 ¢ SLH 1=, HHLHI
AIRE S AL A RS2 IR G,
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3—Methyladenine Impairs Anoikis Resistance of Pancreatic Cancer SW1990 Cells Through
Inhibiting Autophagy In Vitro

ZHUANG Yan-yan', ZHUANG Xiao-hong?, CHEN Wen-bo', HUANG Feng-ting', TANG Jian',
CHENG Wen-jie!, ZHANG Shi-neng'*
(1.Department of Gastroenterology, Sun Yat-sen Memorial Hospital, Sun Yat-sen University, Guangzhou 510120, China;

2.Department of Oncology and Hematology, Hainan Provincial Nongken Hospital, Haikou 571103, China)

Abstract; [Objective] To investigate the effect and mechanism of 3-methyladenine (3-MA) on proliferation, migration, and
autophagy of human pancreatic cancer cell line SW1990.  [Methods] The experimental objects were pancreatic cancer cell line
SW1990 and human immortalized, nontumorigenic pancreatic ductal epithelial cell line H6C7. We divided them into the control group
and 3-MA group. Acquisition of anoikis resistance cells was obtained by soft agar clone culture and poly-HEMA suspension culture.
Cell apoptosis was detected by Annexin V-FITC/PI and TUNEL. Autophagy assay was measured by immunofluorescence and
electronic microscope. Cell proliferation ability was detected by CCK-8. Transwell assay was performed to examine the migration
ability. [Results] Compared with H6C7 cells (no clones formation), pancreatic cancer SW1990 cells (2.3 + 2.63) in treatment
group, (9 +3) in control group showed anoikis resistance (P < 0.05). 3-MA could inhibit autophagy of SW1990 cells under
electronic microscope (P < 0.05), which could also inhibit the proliferation and migration ability of SW1990 cells (P < 0.01) and
impair anoikis resistance (P < 0.01). [Conclusion] 3-MA may induce anoikis of pancreatic cancer cell SW1990 through autophagy
inhibition.
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BT (anoikis ) S A0 B AR P PESE T RO TE 2
Z— FEEH LR A0 2 i A1 5 (extracellular
matrix , ECM ) it 25 42 fil 5 1775 & A998 7=, e 4k H5 1E
WAL AR R E A 4
YEF o 2R SEURT- B 2 e IR 5 A i b s, 2R 51
PR VA A 2R LR R 5 R IR (b 55 A1 %
YRR 1 7 240 A 8 AR 7 ) A AR I 5, A B R
BIRT-PUMERE S, PRI R G A TR
FNGEAb R TS KA NGREFIGAE AR, [
(autophagy ) 5 I T-IA Y ¢ 2 H 25 32 B B AL, A Wi
20 BRI FH s il A e foe 1 B A2 908 1) A0 P 25 R R
T R, 6 A 4R A5 2 A % 4t i
A — RN ER, (R B i B g
25 R MM, AR EAMEESEEEARN
) 20 B R RT 43 303 A A o R T, 7R RSB BT
WA AR A ek ek, tnT S e & Ak sl Iml s
FEAE TR — 202 RN [ 0 1 b v 2 3 e H
R L5 B SR 25 46 11 1 e o B N A i 254, &=
BRI F WA ECE B bR LC3L 5 LC3IL Y
Hedh , 3—H FEHRIZERS (3—methyl adenine, 3-MA) &
I AY PI3K ( hVps34 ) B4l ), 2 5 UL A g
), REMDE M L3 T 1) R 1 LC3
| WiSE NI N SR EOR e = 1 N T
KREY], 65 M (B 5 8% Kt 25 1 2 B A
JRUST R A R SR Tk A ML o A
T, DR AR e A B 2k SRR TR ML, B A
MG 2 75 A L PPk SRR FH G0 B i 15 - 3
FHIEAT T, 1T BN IR 54 B2 11 Bl i 2 A e
AT 5 3 3 WK 3-MA X R I SW1990 4 ffd 2k
HIRT R ER, TR 254 W e e
SW1990 2 il 2k S8 T-HiPErh rgfEH

1 #M#HE57%

1.1 ZHAE R EEiKH

B AR g 4D 28 SW1990 H Fp Ll K 24 Fh eIl 22
SEBHAT I E IR A IRIMNEFALA, KA
TR A b e AR 2R HOCT P i B K 22 K W i i
5T HT Prof. Ming—sound Tsao B4 | {R/NE AL
o 3-MA [ TUNEL i8] & H Merck 23w ; poly—
HEMA | (3 -FITC-IgG I [ Sigma /A 7 ;LC3
Z S RITAPUAEI H Abcam 23] ; CCK-8 4 H
HA R, AR s B & Triton-X 100 1 H &

[E] Amersco 7\ ; 54 138 A GIBCO 23 H) ; K=
SFM B3 3E 00 [ Invitrogen 3 A] ; Transwell H i H
Corning A 7] . 3-MA HJCH PBS Br'# 4 100 mmol/L.,
BECAET 4 CUKAE , (EHIFT 37 C/KIA 5 min,

1.2 FEFZE

1.2.1 @i ANBEBRENRRER TS
RPMI-1640-+1KF 4350 10% 59 G 4 .37 () 35 55 4
15 37 °C MFE 5% CO, M AT B 50 R 15 5%,
B2 ~ 3 d I EALIL—IK, L)L 0.2 g/L EDTA-2Na
2.5 /L BRER FIRGER 12 LIRA WAL, B2k
FrHEPA, H6CT 3% 5 T K-SFM #5585 (%
100 U/mL 7 % % ,100 U/mL £ % % ,0.2 ng/mL
rEGF,20 mg/BPE) 7E 37 °C A3 %k 5% CO, it
RS TR 9%, RA 0.5 o/L IR 1B (&
EDTA) 1k, DAAFR 5040 0.4% 28 13 M & H
(bovine serum albumin, BSA)1: 1 W/l 434 . k&b
FRZL (3-MA, &R & 5,10,20 mmol/L) K Xt & 44
(PBS) , [R] A 15 B I e 455 S 4 A X B,

1.2.2  poly-HEMA & F 3 5 KB GE
95% £, E i £ 10 mg/mL poly-HEMA &%, T 6 1L
P AL 2 mL poly— HEMA 55 764 % T
EG T 12 h, BHPIR, HETT 55T T B G
30 min, 1] PBS ¥ 2 i . FH &AL 8 109 16 4 1l
T8 1 RPMI-1640 3% 75 3 il 25 40 M 2, A5~ FLn
A5 x 10° S4B 5 A 85 55 5Ll 3-MA - (E(
PBS) , ¥ %% 3] fIF 75 1) 3-MA &M B (43910 5,
10,20 mmol/L) , & T 37 C T4 5% CO, 5
FERAR IR 24 hy [ EE NG BE LR AR IR
123 &migEAHRABRE HZZKEIE& 10
g/L J 6 o/L WARIE RSB KA 545 H . 1 2
mL F AR50 10% 6 4 13 & 5 o/L BBER 1Y
RPMI-1640 £5 375 (52K 5 mmol/L 3-MA 1§
ARARFREY PBS) A 6 fLERHIVE T2 B G %
& S IRFU B 10% 064 M35 22 3 o/L 3B
() RPMI-1640 3% 77 H f B4 il (& LW E S
mmol/L 3-MA i AHRN ARFLAY) PBS) , T & &) 6
FLBR AN EFLANA 2 mL 2 5 x 10° >4 i A2
#OETF 37 C, BB 5% CO, WA TIFE 14d
Je B U T IR VE B E (> 100 M4EH) X
B2 AT, A 3R,

1.2.4 CCK-8 :x#mlmiesgss HAK LS B
CCK-8 il G Ut I H 4T, SW1990 4fi i 4% 1
x 10°/FLEEF T poly—HEMA TS84 96 FL1E
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FEMR (100 wL/ AL, FAHE 5 mmol /L 3-MA E{AH
NAKFRE) PBS) , G T 37 °C, KR8 5% CO,
IRARYEFR 24 ~ 48 h J5 , AL AN A 10 pL CCK-38 ik
I, ARFLUIEC 5% CO,. 37 CHILNME; F2 46 ke
WE 4 h, &1 E, EHL(WELLSCAN , MK3) 46l
OD i (VIKEFEI+10 pl CCK-8 1F hyas HiH &
fL), AR 4 NEAL, LR EL 3R, IFHEUT A
AT ARG FE AN G . A FE R (%)=
(XFHEZH OD fE-Ab B4 OD {H)/XF B 4H OD {E x
100% .,

1.2.5 Transwell /> TR sm it B4 h 4%
2H 40 H JC 137 19 RPMI-1640 5535 30k 2 e,
VRSN M A 10° /mL (7% 5 mmol/L 3—-MA &
FR AR PBS), 4$HL 100 pL #E80E] Transwell /)
= =N (fL4E 8 wm, Corning A H]) |, [AHFAE 24 L
W (RZE) A 500 L &A% 20% i 4 1L
15 1) RPMI-1640 55753 (& 5 mmol/L 3-MA #{4H
NAAF PBS) i E 3 MR AL, #EOET 37 C, A
IEL 5% CO, IRARRE I 15 h Je U /g, RS
L L2, 40 ¢/L Z R HEE[E 2 15 min, PBS
PE2 WK, 1 g/L 45 Y5 15 min; PRIRFRATYL R,
{5 8 ISR A 4L BEALIEER 10 4> LT
THE, B S 3K,

1.2.6 AX I R Z TUNEL &7 & #nl A =
2 OWEME PBS ¥k 2 %, HPE Annexin V-
FITC T35 £ (Bender 2 6], B F1] ) 5256 25
9%, MG E SIS N 5 wL Annexin
V-FITC %W &% 10 pL AL e, EiREOLEE
15 min Ji5 F i 2040 M AR (FACSCalibur, 2 )
SR LA T M 05 (%) o . SRRE R 31K,
WA A 40 /1L Z2 3 FP R =2 0 ) 2 J T AR AR
DE80% L BETE R, T 24 FLIREALINA 200 wL
Y1 BB, AR PR TUNEL 34055 & U5 B (Merck , S2[H)
SERCEI T A TR, TR AU U R R AL 4L
1 x 10* A4 153 PH Al M gk L ), B2 R S0 3
Ko

1.2.7 S kAeN LC3 40 o/L £ 5 HEEH
FEYNHE 15 min, AT 7321 0.3%Triton-X 100
ZEIRALH 20 min, PBS ¥k 3 WK, 2RI I AR B0 B
1% BSA Z5 W5 30 min, AR 4L 19%BSA
i BB bt A2 wile LC3 BUik (1:100),4 CHEIR
S E A, PBS Uk 3 A, IMARFR 48 1%BSA
5 BB FITC FRig 9 E BT 1eG (1:200) % 76 T ik

JEMEE 60 min, PBS Yk 40 15 , DAPI % i F 41
JA% G5, 10 min, PBS PEERAIH 3 X, I AL ZOE
VKR, W (Nikon, HAS) R WEE .

128 @#Mtusanmpgs  ERTFRSE
24 h( 5 20 mmol/L 3—-MA % 4H i/ {AFH PBS) At 41
WL, 25g/L I8 BRI [ J 6 v Ll R 2 U A IX L 4
T 10g/L SRR G €, B LK G 3
WAL (Leica, fERE) P1h, HlA @&
(Philips CM 10, ) FREHLZER 10 L5k
H AR S [ WA B A% E

1.2.9 “itF7k BARLUIE = i (xxs)
FOR, ZA R ALI] H o B LR 2y 254
Brak e #56. H SPSS 13.0 Sk #4148 12
WhBE, P <0.05 HERAGITFE L,

2 % R

2.1 FRBRE SW1990 il BB RAKE AT

R ARV Y L RE 7 2 WA 4 SRR T 1
STz — AR A SW1990 7E 4K B E b
F& 14 d J5 ,3-MA A FRAHTE AL AE VR B (2.3 =
2.63) 4, W FH K T4 B4 (PBS) (9 + 3) 4N (P <
0.05) ., MXFF H6CT 4l , Joie f&Ab BiZH 6 2 Xf 1E
AR WAEFRIC N, 45 R R VIR SW1990 4
o HA AR RGP T PobE L RS W RE , T HonT
3-MA # (B 1),
2.2 3-MA #J%I SW1990 i paitsE

3-MA YEH 24 h XJ g i g 4 i SW1990 (138
FE TN 2R A (36.1+2.4) % /] 48 h X Hi g3 FE 411
SR A (24+6) %, Z5F B 3-MA 0] BH I 410 il fige
JigE SW1990 21 i 58 (1 2) o
2.3 3-MA I #I 2iFHE3F SW1990 paiEH

3-MA AbFR Y SW1990 277 15 F 41 ifl , Hoge s
BN 25 + 4, KFHBZH K 81 + 4(P = 0.00) ; 1M 4 T
SW1990 Jifi BE 1% FE 41, 3-MA Ab # 4] H 2 55
1.3+0.5, % EHE K 3.2+ 1.0(P=0.41), 455
TN ad BT BRI 0 AN FS RE T B S 5 TR AL
BERR SR (P < 0.01),3-MA Kb 2 28 40 o
B WD FXREA, R 3-MA T 28R 5
FRHY SW1990 iFFERE 1 (K 3).,
2.4 3-MAiFES SW1990 4HAA T

WU BB AR 45 5 R SW1990 J8 TR B %
REFREH R (16.6 +2.4)%, ZIFXTHRA A (9.7 +
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Control Treatment

SW1990

Treatment

1 RIS ER A SRR
Fig.1 soft agar clone formation culture

Treatment group: 3—methyladenine; Control group: PBS; 100 x

45
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35
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25 |
20 | ® 24k
15 048 h
10
5
0

2 3-methyladenine ]Il % AR 2 20 A SW1990 & 5E
Fig.2 Cell viability assay : 3—methyladenine inhibits the

Growth inhihition ratio(%)

proliferation of pancreatic cancer cell line SW1990

1.8)%, (P =0.00); Wi BELLHEZH By (5.1 + 2.4)%
TG BE N HEZH K7 (2.9 + 1.4)%, (P = 0.22) , TUNEL i%;
& 2h 7R SW1990 I TR B iR AL B A (1.7
+0.4)% %R K (0.34 £ 0.14) %, (P=0.00) ; Il
BE LD BRZH A (0.210 + 0.026)% , X B 2H 4 (0.14 +
0.03)%, (P =0.70) . i =R ANHEH AR K TUNEL &30
PR B A A PR TR R TR (P <
0.01) , T WU B 5 5 0 20 ) A 12 %8 22 S T G2 0
N, 3-MA W JE 5 RBIH TR 2 IEAHE, i
FARGE B R 3-MA WA 10 .20 mmol/L
I T35 90 BT (17 + 6)% % (26 + 9)% ; 4
£ 3-MA FFE IR TR A3 g BT, (HRRs:
FEAR BRI TR SO R, A DU A P B[] ]
RE I A WP P T 4 e A (o PR T AR 43 ) A
AR TR0 B, 1 3-MA 406 T [ w2
H WAL T BRI A PR PR TR R (K] 4-7)

Treatment Control

Suspension

Adheasion

3 Transwell /N EAITRELIE
Fig.3 Transwell chamber migration assay of SW1990

The treatment group (A) and the control group (B) in suspension
culture had significant differences. Less cells penetrating in adhesion
culture, the treatment group (C) and the control group (D) had no

significant differences. 200 x

201

is

£ 10r == Treatment
8r <=~ Control

apoplo

12 24 43
Duralion f h
4 A [ER}iE 3-methyladenine % S5&iF 5% SW1990
BT
Fig.4 Effect of 5 mmol/L 3—-methyladenine on apoptosis
rate of SW1990 depended on duration

Apoptosis rate increased with time in suspension culture, which
decreased after 24 h culture in treatment group. It was supposed that
long —time suspension culture lead to autophagic death and 3 -

methyladenine could inhibit the process.

2.5 3-MA #]l SW1990 4 Af B Ik

I RS RbRIE A ERE S R  MAPL-
LC3IL A5 A WK -, 455 R £ L ¥ e 6 3R
ik, HETE AN M G BE A i e 5k L L B TR 4
Ji rpoxk R ZH B ab BRZE A BT SR A SRR . BT
B B AT LOULEE B I i 9 SRR I ik, B AT DR
114 P M 2 I R A A M 2 R B 1 AR B Y
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Conceniration ( pL/mL)

B 5 A[E5E 3-methyladenine /£ 24 h X SW1990
KERTHMN
Fig.5 Effect of 5 mmol/L 3-methyladenine on apoptosis
rate of SW1990 was dose—dependent
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E6 mAMEBEAKN SWI1990 FT
Fig.6 One of the FCM result of SW1990
Apoptosis rate of treatment group was obviously higher than that of

control group, both of which were higher than that of adherent.

TR XoF IR 2H 45 b B2 B S 5 Vi Ak 920 400 it v I
B2 S Ko S g s gt SF A
AHLEF SW1990 X BR 2H Ko b BRZH B WA el & A

TRBHAS R 8 +5vs 4.7 + 1.5, (P=0.03) (& 8-9) .,
3 3 %

R A M ELA RO M, B T S
21 it 7 35 5 GG s 42 k5 T R AR T, AR OR
HPRT, R T A R A0k BEPR TR Ol FRAT T
1 B RE FE BT B poly—-HEMA & % 85 55 52 56
BN A Ok BLIR A D0 RS . 5 Ak A= 1k ik
PR R A0 HOCT AH LE , JERAR R SW1990 2 it
HARERT P, Mg =& BTk
AIBLEI T fE S5 Bel-2 @48 & & Kkt PI3BK/AKT
A2 FAS-FADD &2 %47 5080 Zhang %591 % )
ey 4 0 T 3 2 B0 PISK/AKT ERK i A2 {di 2 g
RATERE JAWIE O MR U S 4
B3I synoikis—like A0S S TPtk

B FT 22 I TR A A R A R o
REREEAEN, FIL, FRATRERE A mEdD 6157 3-
MA b B AR e SW1990 20 Y, WL%E 3-MA Xf
SW1990 4fiadase . F1T- KL B RE J1 %5 B, 1)
ARV A WEAE SW1990 41 i 2 S TPtk b 215
RIEAVER, T A W& 552 SW1990 4 ik #
AUk, S5 AR, AW EI) 3-MA B SLheR
15 SW1990 2K L1 1~ 26 - B I 0 ofi) L34 5 S 3F 4%
REFT BT TR R SRS R A B2 A A, TR
IR L H— ) AR AN A AR N 5K e R f
FERIT B B AR 1 T e TH A0 R RS AR BT i 1 Y
PRI, S SRS A9 40 B AU A7 78 A1 H AR 3
B KO0 F Wl 3 1A A G, ) st H
WA KAT G, AL 20 G e DLk bnic F WA i
FRAEPEZE (1 LC3 25 S Al i /R B 17 o) R 21 5 s B 4
PR AR, LI IR TR SRS
Je 20 PR AL AR R 30 ) I SR A T IS T 4
JRL ) 1 WG e T A ) 1 5 20 0 T 3 R A
ERERE I B AZ 520 T 5 o Zhang 4542 H (1)
synoikis—like #4500 20 R E2 ) T 2L A =
M AR T R RE , BRIl
BER AU | I H 3-MA ZH 350 3 5 00 B i) 4E
K IERERFE IS . PIBK i A2 AU S 5 40 i 4
T- K AW S 5B, BIERE Rl e e R Ah
FREE UGS T PIBK ByTE M, BERH ] PI3K 164
el 40 6 1) 286 BRERE 0T B, AN 200 i 1) R AR R
TR AR T
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Treatment Control

Suspension

Adhesion

Treatment Control

B 7 TUNEL X 40 SW1990 JH 1T
Fig.7 Apoptosis rate of SW1990 in TUNEL kit

A, B, C, D: The apoptosis rate of treatment group (A) was significantly higher than control group (B) in suspension and higher than that in

adhesion culture (C, D). 400 x

MAP1-LC3II

Adhesion Control

Suspension Control

Suspension Treament

Merge

B8 GwEWERNAFRAEEEHREER MAP1-LC3II 7k

Fig.8 Immunofluorescence result of SW1990

A, B, and C were the photos of adhesion. D, E,and F were the photos of suspension without 3—methyladenine. G,H

,and I were the photos of

suspension with 3—methyladenine. B, E,and H were the photos showing DAPI nuclear staining. 200 x

3-MA i WS SW1990 21 M 2 S 1
FRBILA : 3—MA AE Ry —Ffr [ 400 ] 51 BH 58 B8 e ffe A
S AN T AR R E W A S T RE S i AN i
PRI TG 5, 1M H WA A R TS R
%ﬁéﬂiﬂﬁ%éﬁﬂt REAEAFEIA A A Wi &2 PI3K -
AKT #4% Z 5T M5 XER , 3-MA

XF PI3K (1 3 Az AUHS EAG S dI VR, 3-MA Al fE
T class I PI3K 1 $04] B A B4R 1F 4
F1 MAP1-LC3 11 (%5 Akt R4 ) 1 W 0 33005 a1
%fﬂﬁ%Jéﬂslﬂ@i@&iﬁZ“W SRIMT, Trol /2 (R BIF5T 2
7N 3-MA f il 35 | iR ] BEAE o 0 class 1
PI3K Fl class 11 PI3K sl HAh s> 528, {H5 9]
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Treatment

) & .;"“' X :‘r {2%{; A

9 ESHHEEMWE 3—methyladenine % 54 i H 15
Fig.9 Autophagosomes observed by TEM (Transmission
electron microscopy )

More autophagosomes and autolysosomes could be observed in
control group (A) than treatment group (B). However, great amount
of vesicles without cytoplasm nor organelles containing displayed in

treatment group.

HWETC O, FRAT3E 7 5 f B g8 & B SW1990
Xof A2 A b PR AT RS B 2ok A I g ek ik, L
AT DLE [ WA S, WS A, Pl ] WA
(S 25 20 M 2 5 3 R ) 25 S0 40, SR, el e
AT MAP1-LC3IT P20 22 S0, Kar!'945:
WLZ B — B T 3 W 3 7R T MAPL-LC3II
5 HWETCI AN T Tk A R T Y 41 i
TR, MR R AS T A 25 1 VR 45 4
Ko P45 ) ek i 1, HOR BB 3-MA 45 PI3K [ W 1]
AP, XA T A T BRI S S T
PEPAT ) 3-MA 0] [ W5 S SW1990 4 i 4
JAT I S WL Ry iE— 25 B

SE k.
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