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Abstract
AIM: To investigate the impact of hyperthermia
(HT) on human gastric cell lines in vitro.

METHODS: Six human gastric cancer cell lines
(AGS, MKN45, SGC7901, NCI-N87, SNU-1
and SNU-16) were used in this study. HT was
achieved by incubating cells at 43 “C for 2 h, and
cells incubated at 37 'C served as normothermia
(NT) control. MTT assay was adopted to evalu-
ate cell proliferation and cytotoxicity after HT.
The preliminary morphological changes were

observed by light microscopy (LM) and fluores-
cent microscopy (FM) while the ultrastructure
changes and the specific cell death styles were
determined by transmission electron microscopy
(TEM). Flow cytometry (FCM) was used for fur-
ther quantitatively analysis of the proportion of
apoptosis and necrosis after an annexin V-FITC
and PI double staining. Adhesion and invasion
test in vitro was also adopted in this study to
evaluate the impact of HT on cells” adhesive and
invasive ability.

RESULTS: According to the data of MTT, HT
inhibited proliferation of SNU-1 cells significant-
ly (P < 0.05), while it had no marked prolifera-
tion inhibition effect on SNU-16 cells (P > 0.05).
For the other four adherent cell lines, HT only
inhibited cell proliferation temporarily (d1-d2,
P < 0.05). LM found that HT had no cell-killing
effect on most of gastric cancer cell lines except
SNU-1. FM and TEM indicated there were no
significant morphological changes of AGS cells
at 24 h after HT treatment, while apoptosis and
necrosis appeared in SNU-1 cells. FCM showed
that HT therapy did not increase spontaneous
mortality rate of AGS cell (t = 0.45, P = 0.678 8),
but raised apoptotic and necrotic rate of SNU-1
(mortality rate from 9.71 + 1.14% of NT to 20.05
+2.49% of HT, t = 6.54, P = 0.002 8). Adhesion
test indicated that HT reduced adhesive abil-
ity of four adherent cell lines (AGS: t = 4.86, P =
0.008 3; MKN45: t = 4.50, P = 0.010 8; SGC7901: ¢
=6.83, P =0.002 4; N87: t = 4.16, P = 0.014 1). In-
vasion test also illustrated that HT decreased ad-
hesive ability of all six cell lines (AGS: t = 2.94, P
=0.042 5; MKN45: t = 3.60, P = 0.022 7; SGC7901:
t=4.70, P =0.0093; N87: t = 12.41, P = 0.000 2;
SNU-1: t =3.63, P = 0.022 2; SNU-16: t =4.13, P =
0.014 5).

CONCLUSION: Most of gastric cancer cell lines
used in our study is thermotolerant to time-
limited HT therapy. HT can temporarily inhibit
cell proliferation while had no cell-killing effect
on most of gastric cancer cell lines. SNU-1 is an
exception, and HT can induce both apoptosis
and necrosis. In addition, HT can reduce cancer
cells” adhesiveness and invasiveness.
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Tk AR FEm Ak (AGS, MKN45,
SGC7901, NCI-N87, SNU-1£2SNU-16)4743°C
2 hey B2, 3T CH IR AR, &
)5 FAMTT ik %4 & K b & 5F FL 43 78 4 )
WL, R THENE @M ERE AT S
% % 1; Hoechst33342/P152 8 3 &ML m e
MR EF AT TN, B4 B4 (transmission
electron microscopy, TEM)ML % 4m feL A2 %
At T AR X A @R (flow
cytometry, FCM) & & 47 2 it 64 28 = Fe 371 5L
Yo fs; Zh W Aedd 20X B VLK B R 4m A0 64 F5 T
FelZ 48 7.

R MTT#R 7, BAXNFSNU-1A £ %6938
75 #7404 A (P<0.01), *FSNU-161 £ B %%
"0 (P>0.05), *T4kkNEAE 2m oL W) & I A 4 ATk
84 3 75 4] (d1-d2, P<0.05); KA L IR
AP S SNU-1%8 e h L5t =, o H e m e
T; G EFEH AR K ILAGS LR
272524 W REF N AT ERE, mSNU-11]
LA T3R5t ; FCMAR iR 4 4L 22 R 3
AGS# B AR TF( = 045, P =0.6788), {2
AeiF FSNU-1L A B Ao 3R 50, 3 et 5L
TH(9.7%+1.1% vs 20.1%+£2.5%, t = 6.54,
P = 0.002 8); &M X I & VIR # AL R F A2
AR ARk s BE 2 B 09 FE Y A8 I[AGS(¢ = 4.86,
P =0.008 3), MKN45(+ = 4.50, P = 0.010 8),
SGC7901(t = 6.83, P = 0.002 4), N87(¢ = 4.16,
P =0.014 1)]; 122X 5 & O % # AL R B A2
JE AR 6%k 20 iR 69 12 2 AL I[AGS(r = 2.94,
P =0.042 5), MKN45(¢ = 3.60, P = 0.022 7),
SGC7901(t = 4.70, P = 0.009 3), N87(t = 12.41,
P =0.0002), SNU-1(¢ = 3.63, P = 0.022 2),
SNU-16(¢=4.13, P =0.014 5)].

B K 509 F JE ek R I3 A2 B 1) IR
WAy At g, PR T B AT A 3G s Ap R AE R 41, IR
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W AIE 52 TR 28 s H AT VR T AR, IR
b AE SR — e B T B AT AR A D
R e B g a7 b, R R LT 5B
VA I AR R R B T Y. 5
Tkl Bl v o B2 2R A 75 (high intensity focused
ultrasound, HIFU)Z5ECNE Y7 52 5t 1 [ 2 Firgg AN [+
(R YRTT I 2 I F 2 Tt e SR FH ) A v 4
1MiA243°C A AT AR, JErTRENLHIZE L m d i 4
AR AN S A9 2, LR BT I, AT RIBEAT
HIER D, H5IERERR A A2, R
R T e RAG 280 HAR G 22 4> 1143 °C A by it 44
54, TEARANE: Ky RS HOWL 52 T Il A0 1 e
A0 M A=) AT S, A i PR Y 3 it B i
FEAil

1 #RRTSE

1.1 #H NHEHE4EEAGS(ATCC Number:
CRL-1739), MKN45, SGC7901, NCI-N87(CRL-
5822), SNU-1(CRL-5971), SNU-16(CRL-5974)
P Fiff 4 IS g b 93 Ak AR 50 BT 45 R RE 77 44
f£. %100 mL/LIG4- M35 FRPMI 16408575
(Gibco), 37°C, 50 mL/L CO, MR 5 1F T 1%
ARG, 1 P 6B K 0 kAT S 5.

1.2 ik IRAHET) A HEIEE H43°C, HiR(NT)
H37°C, W HCOMM MR TR I, R+
0.1°C, 43 JICE T50 mL/L CO, YA E 44T
R, AL PR A K2 h.

1.2.1 ZmpeFe g i dp 4K (MTTH) WEEXT
HAE K R A 38 A Ao 6 FLAR, BEAL A
M % 1-2 X 10°, 4481200 pL, 37°C, 50 mL/L
CO 157724 hfFdHAT AL BE, SRl b 4 1
Shy i T FRE R] AT AN I A PR PR T e B, A
S 4k 43 IS 7R B I TR e R A LI
5 g/LMTT 20 uL, 37CH¢E4 h, fIMTTIE RN
It BS0sr B3, BEALINADMSO 150 uL; 7K
SEREIR3TCIR TS min, KOS5 T8 W IR A
Jii, N BERR X (nQuant, Bio-Tek) T-¥%1#:570 nm
RE IR G BEA M, F1ER TS SO0 BTIA 50 R

R R B AL
5ot B s B R A
REAAS A R AT T
2, Aa K B AT AR
Y, B 500G kA&
T—E. RAFRAEE
PTG R IR
M, EARM R
AAWMET B
#ot F R e E
My AT K 0 R,
ZIK %K F
4 oL AR A 4% AT
43°C 2 h#g4aatin
e, A2 HRE W FolZ
R AE B TR,
RETHBAERREM
B9 T AEALR], ALt
T &R ER
#AnE S L F
BIEAAE .
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W2 A

B # (Hyperther-
mia): #5772 W6 R
5B T il it &
Fr 77 ik 52 I By B
RAGHHiE, BE
5% 5 42°C-45°C
wy K 4L AR AR

75 Lt F &

LTS A, 23 )l B A 35 24, 48, 72, 96
120 hi¥IA o fH, HIVEAN A ik, JF L HT S
N TR (1 240 6 25 0018 5 400 1 17 0 CFF 35 T 0T JEL 2
(AEL T 5 0 1, A IICA 5 oo A A
Z LR, BN H BAE IR S5 TR P A5 B S -6 B
fL, TR 3-40%. Lk e 41 ML 3 0 AE A B AN
[i] B 1) 180 B A% (O lympus X 70) F A %%
AR W I RTE SR I .

1.2.2 Hoechst 33342/P1% . 4 & AGSHISNU-1,
AR FR G AR SR R4 h, WOEEAI MY, 4 R
i A\Hoechst 33342(ZKJE5 pg/L), 37CHEE
15 min; B0 7 B3I A0 HY, IIANPI(Z KA
1-2 mg/L), 4CY410 min; &.00FF L3, 5
2 M < B 425 X 10%/L; B 41 Hil &350 mL, 500 1/
minZ 05 miniil R 10 g/L 20 5 g [
%, 4°C 5 min; ZEMKMPUE T 28 R
(Olympus U-SPT)S4MISE R ity 40, W
GLOM T A 45 0 S JAZ A8 Ak, AN I R
g PP AbRE: 155 40 M fi% M Hoechst(HO)#
IR G, WYL BRI Ky BH P, 1E 5 4h P 146
e, Ge B FHPE. Rk, HO(-)/PT (=) A iS40 i
HO(+)/PI (=) A A T4 i PI(+) A PR A1 .

1.2.3 E 4 B AL R 4w A 5t = % X, AGSHISNU-1,
125X 10 R0 75 cm® 38, 24 himiR
AbTH, KB JE AR SR IE24 h, WOAEA IR, B
SHRBIREA, SSIBIR: 20 /L% PBSIHE
WACHIE 2 hy PBSZEMHACELE IR, FHIR
10 min; 10 g/LAkIEPBSIH 24 C 5 i 5E2 h;
LEEB K, BER10 min, 700 mL/LEE(E
30 g/LESIR WA A CHRYL, LB K,
K10 min; FRENKEE #27K, K10 min; 618
AR S PN BEL © 1 2 h, 618 M 54
WRE2 - 1, 4618t Hk37°CHiE6 h; 60°C
HAT N LEE48 h; LVB V BUHHED FHLLF #
MR ET 1 0 FEACTR 4 58 5, HITACHI
H-5005,PHILIP CM-120i% 5 B3 55 8 I F 4% .
1.2.4 AR 20K T 257 2 A 1= F= 305 P45
AGSFISNU-1, ANFLBR R FLEL14-6 X 10*4HR, 4
W24 hjE AL, KBRS Ak FR24 hih AR
411, K H Annexin V-FITC Apoptosis Kit(BD),
Jeto DIR, VEIWLERAE T, S0 )5 ik xU(FACS-
Calibur, BD)R I 3 #r. 45 SLAIRrbRifE: XU &R
A0 B AT AT R B b, Ze T BB A i
g, I A Annexin-/PI-; A5 % R4 T 40
i, #I N Annexint/Pl-; A5 % R 4 M0 1
FIRZEA L, FI 4 Annexint/PI+; /£ F5 RN

BET M, Rk Annexin-/PI+. L b y& Hak iy
WAL BRI R 35 AL, 5 4 R A3 R AL (A,
1.2.5 M AR &2 X5 R A% R Chemicon
8 1) B R R A B (CytoMatrix™ cell adhesion
strips, ECM 105), PFA/ 40 JiGE 41 1 A1 3 J5t 3= 2%
oy VIR SR IR Bf fie 00, HARE BRVE WA T
12281856 K Fl Chemicon 2 747 B KRk 7 &
(QCM™ cell invasion assay, ECM 555), i 7] &K
PEBoyden/NE JR ], FEICHA S pmfLIAANE, i
b SR A AN T, T8 5 O e A I 7 i
A AL RIS o L B3 I T T 1 40 4
VU 40 )= 2 e ), FARA BRVE LR AE T 0T

GitF A R R Hmean £ SDEE R,
i A 0] RO 2 8] (1) LU SR e 36, vk 0 A
HISASHETHARAFA(v6.12) 58 1L, P<0.05I\ 75+
HAg 5

2 BR

2.1 BANFRMIHRIE I FFTH A
SNU- X i FAKb 3805 4y BURK, Il FAZH 15 00) L ZHA
TH I B IR 24 71E50% LA T 5 SNU-161 44, P2 )
ARG IEART A, A HIR X A E
FUAB AR 28 1E90% LA L 0] At 240 B rré) 335 5 W) A7
—JE SEME, AH IS AN HI A — g IR, BE
[ ZERC T 2K, AL LS 120 h, @A
AfE AT T 2 e AL (B D). DB ]
WAGSHNN, WAL E24-96 hal i 52 00— &
T2 (R S G A, 4 2 FEAI TR iR R, &
120 0 i 8 55 5 56 B2 1) 2 0 L 4 /D, il 4
WFEfE24 WA D ERAN AT L EELLAE,
TEA& 5 H R AW AR (82), KR35
DU 20 i ) A7 0 5 AG SZRALL; B TF 4T ISNU-16
WAL JE TG B AME AL, TSNU-145
SRR, WAL B S 24 hED R LS 40 f A8 T IR
S (E3). 9t 5 BT 2 R WL A6
AGSH W Z B, RIS W4l M seT:;
X T SNU-1, i HAbBERE 5 L4 fu s, ET B
A T AMIRTE (K4, E5). mal o fridns:
Fali RO AN B INA G SAI LI PET-3(10.4% +
1.0% vs 10.0%+1.2%, ¢ =0.45, P=0.678 8),
AR A SN U-141 L I ZET-%6(9.7% £ 1.1% vs
20.1%+2.5%, t=6.54, P=0.002 8), {1 FIIK
BEA b — 52 Ll (K 6).

2.2 BT E BRI A 2R N 9w 4
TR U B 40 i I R A 3L S G B g D0 38 RN [A)
PRI PR (B 7A), 5 H X B, 20504
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AGS AGS . 5 B B 5L 5 38 A
1r 1 *F A AR
. % b b 8 AF A B AT e B
; ; T - 4 7 4n B R IR,
0.5 0.5 - HMAR E R
72 s e 5 R L
0 0 FAAN SR, F
EE, TR
or 1.5 - B, AL
., IR FH e
1.5 MKN45 MKN45 FARKP
1 — T
R b b
w 17 o b - R b
{m b K
< S 0.5 -
0.5
0 0 1
3~ 1.5
SGC7901 SGC7901
2 1 _
R b b b
4m m b T T
~ T
S 1 - 05 -
0 0
_ 1.5 -
N87 N87
2+ 1 ‘? T il
= b
o o b
o b -
D G S 0.5 -
0 0 1
3~ 15 ~eNU-1
SNU-1
2 1
=
o m b b
< b b
1r < 0.5 - b
0 0
1.5 1.5 -
SNU-16 BNT
SNU-16 HT
1 1- g _ T
ﬂ
o m
Y05 - _@—NT < 0.5 |-
—O—HT
0 ! ! ! ! 0 ! ! !
24 h 48h 72h 9% h 24 h 48 h 96 h 120 h

B 1 EANEBRMEMREIENEIN. £<0.05, 'P<0.01.

AGS(100%1+9.0% vs 69.3%110.0%, ¢+ =4.86,
P=0.008 3), MKN45(100%*+2.9% vs 90.0%
+2.5%, t=4.50, P=0.010 8), SGC7901(100%
+4.8% vs 65.6%+7.3%, t=6.83, P=0.002 4),
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N87(100% +0.8% vs 78.8% £ 10.4%, ¢ =4.16,

P=0.0141). Fr ok i # b3 517 2268

1) S IAN [R) 2 B2 1) FRAR (KD 7B), 5 il e B L
B, il HAGS(100%+7.1% vs 85.2%+5.1%,
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B 3 ERAMIEXNSNU- 148800 (BB R &5 x 100). A1-A2: NT, d 1-d 2; B1-B2: HT, d 1-d 2.

B 4 BHRAEXNBEMIBERAGSTISNU-TIZIE (RIEEREE x 200). A: AGS, NT; B: AGS, HT; C: SNU-1, NT; D:
SNU-1, HT.

B 5 BRNECSEMERAGSTISNU-ATERBEMER. Bar AGS 5 um, SNU-1 10 um. A: AGS, NT; B: AGS, HT;
C: SNU-1, NT; D: SNU-1, HT.
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251
AGS = I RIS

~ 20
< AT
= 15+
2
&
= 10- L T
1
N e

0

NT HT
m IR T AIERSE
257 b
SNU-1 LH T

—~ 20*
S
E 151
&)
B 10 1
11
S

il

NT HT

B 6 BHRAMIBESAGSFISNU-1FET-BIIELEY. Frifi: 2 AoE
TR EFIRTbRIEZ, *P<0.01.

A 120 NT
BHT

Ta T
— b
Ssg b a
i
4
40 -
'_
=
0 ! ! !
AGC MKN45 SGC7901 N87

Ta b T T I

a

0 [~ . R
| | L
0 ! ! ! ! !

AGC MKN45  SGC7901 N87 SNU-1  SNU-16

o]

NT 9% (%)
D

7 EFENEEMRAWARREENNZIN. HT v
NT: P<0.05, P<0.01. A: Fifft6E77; B: (2228677

t=2.94, P=0.0425), MKN45(100% +2.6% vs
91.6%+3.1%,=13.60,P= 0.022 7), SGC7901(100%
+1.1% vs 87.9%+4.3%, t=4.70, P=0.009 3),
N87(100% +4.8% vs 59.9%+3.0%, t=12.41,
P=10.0002), SNU-1(100%=%9.1% vs 80.3% +2.4%,
r=3.63, P =0.0222), SNU-16(100%=+10.0% vs
74.9%+1.7%,t=4.13,P=0.014 5).

3 e
— S R AR AN T R B, A e I () (i A A
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HEEDRE AT g 4n a2, - B, Buell eralt™
RAEFFEE2 hi42.5°C-43.5 Cilh P Ak BEAE 1S K
iSNU-541 Jitu; ifiiShchepotin er a/ IR 18 3% 4L
4 d, BERFFEED hi42°C AL BN BE 20
AGSHH i FLxH 41 i 54 58 G W] 2510 Goto er al'?
I 46 CHMKN28. MKN74FKATO-I11=#k
AN HEAT15, 30360 minfHAbE], 45 H K
60 minFAKE I T E A IR FE T 155830 minfH)
AL FE A S AN T, SRR P TR
WA 25 5 AEE Y, MR SE et al R R I100 min
42°C Il Ak BERE R B GC-82341 i, R LA
et al""MAREA3°C 30 minfIHAL BRI AE S
MEKN284I i & AP T, ATLLE H, DL ERFsT4h
RIEA—F, TR BT 40 M bk DL I 4 b
5 IR &R G, R RATILIER T 6
PR T P9 AN o i FH IR 40 P, B4 T AN [R] A0 R
B~ AN TRl A S 5 F0AN ) A= A D7 2 S s 4t
PR, DA BT il FAO0) S i 41 B 1 52 ).
[ B ASEAEL 77 I AR R s P d A 7 PO A P ¥R
I 8], 43°C 2 h, IR AL 5 AR T 8K H]
N MEE. T RRHIZ, EFATTIR SE50 41
N, AR SNU-1—RE4H M e 8 1= A2 H e A0
YERZ Ak, i FoAh SR8 M Jo A& i fE L, JLrbost
SNU-16FEATC M, 6 W BE 4 i 3= 25 7 48
(100 S8 G A o 20N, 1 P A T R 07 S e i
F Al ISR, A A AP AR R A X R
IR BRATTAE M PR 1R SEZ B 1 o AR il 40 Ak B AN
B (1), I A2 N 4 G TR T S L ARAE R A VR T
FHTIEAS T ik 15 9 40 5 JE ik e 4 B A i ek
2 5 (R HARBLEN, T RE 5 AN 1] S8 204 40 i oS #40r)
5N AU AN [ A 9%, D F SR 1 B i 1t i
KA, WAL IR 5| ) 4 B P L R
U ARA A L AT A AT IR I S R 215 2. iR
PAE R — P SR, — J7 IRAEVE 2 D Bk DA G
P, 53— 5 T 15 5 — 28 W IORH DG 3 R (19 T 7
Ry fe, HSP™, 4 it 75 40 T E R T-4i g
KRUFIHTIR T3 R IR 1 B 2222,

DA 3 T ¥ A0 A5 988 40 1 %) % XA F5 3R
SR TP, LI OA kil AR A7 i 6 4 i A
51 4 M SR A, B R T IS 1 R BN
WET, H R 22 2% 38 DA kil 3R A7 i 8 4 B e
MU 5 B S PR T-Y Bl DU i b
T 5 5040 M 1 S B R I R
| A0 R Y SE I S, Bk e SO S EAR
FEUH ARG R ) R B T, T 4 R R T g
REAE, PR3 1T 6 A2 40 O 1 (1 4k R i AR,
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AR, TR A0 SR B AN ], EAT IR AR AL B
(1) JSE R RF 2 ] [R] AN [F], AN [ 27 25 41 3 1) 4
WA 75 5. RE WL, TS IRGEAEVE 290 BER
SRR RIEAEE, ALK, T
ML T 1R K 22 ORI i B T S A R
FEANMAET Y ABA T S 25 oK R, 43°C
2 hif R AR AT 5 [EE SN U-1 MR 41 i [F 8 5L AN
JHT, HMOE T M, AR
HEWRAN 2 2R AL

UG P2 A it R A G S R IR e L A I
I 26 g e R Vs PR i e 0 T DR T I G IS
REMIR, 1T AR K45 LA B DI W i 1 A7
IO OB TR 4 A A 7 A i 2 o 4 Y )
SR — AR ) “Fh -3 2
U, TR H N A2 R, T i il
() e[RRI I A R B4 18
FE R KR 2T 4 3235 AT R TR s 4 ",
ST RN R T “Mpy” Bfe g ——H
JIF e T TR R B AT A2 22 R g, DAL S g A B T
R B RS 28 A8 ) A N T4 A R A ) A g IR 2
. AT EIAESE, ZHCE LT, FFSE2 hif
43 “C i AL LA A% e 48 i, {FL3E T 6 B
LA R I FAAE FH G AT A AR [, B4 A 92> 58
AN, A7 AR S W R ARG B L R 2R ) B wT
fig, JIT ARAT AR I EAT T AN, 45 R B 44
Qb PR k2 ARG 5 S s A L 1 6 B R £ 2
Ae 1. BRAE A WS 2R B, LA B A 0 A
ST AN ML TR BE 5 B S R I 4 T R IK B,
%645 B (focal adhesion kinase, FAK) i
P, AT 3 SR A B 870 118 1ot 12 Ao A0 0 24
A1 B BB R RIS R SR, S e R 4
JHO A E B 8 FIMAK P 5 4% 00 165 i AR RE %
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