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W OE B BT X SLME Cu-Cy AT 105680 10k N25 19 SW620 41 i it 44 40 8 5 550 1 B HoAE FH AL .
FiE: AR E (0~100 mg/L) Cu-Cy B A sl A G I050) i X 2k B0 b 21 SW620 4 L5, R
CCK8 A8 I I 't B8 WL 4 M 1) A R TG 1 5 JC-1 Y R I 2R AR BEHL AV 5 AnnexinV FIFC/PT UYL I K5
AN P T-% 5 Western blot K8 T-H15& 8 11 Bax. Bel-2 X HWEAIEE A LC3B ., P62 (K ik; B
SPF H 8 WL 200 D 1) R A A
R L5 X SW620 415 (0 me/L Cu-Cy, Jo X ZRHEAT) , Cu-Cy B4 X LIRS PR SW620
A A TG R B SRR AR, TR AR E (E4> P<0.05) , HANMIJE TR BT . 2R R
FLAL T 8 20 FEL 1) LU A S 3 . Bax 5 LC3B-I1 25 3R IA W] W Fh i, Bel-2 15 P62 # [ 3RIA W] W AT (1
P<0.05) . A0HE N A WA 22, Bl X G IR FI BN Cu-Cy ALY SW620 4il I DL 8R4 JC W] ol 7% .
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Abstract Objective: To investigate the photodynamic killing effect mediated by Cu-Cy under X-ray activation on human

colon cancer SW620 cells in vitro and the mechanism.
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Methods: SW620 cells were exposed to different concentrations of Cu-Cy (0-100 mg/L) in combination
with or without low dose of X-ray radiation, and then, the cell viability was examined by CCKS assay and light
microscopic observation, mitochondrial membrane potential was detected by JC-1 dye, apoptosis was measured
by Annexin V/PI double-staining, the expressions of apoptosis-associated protein Bax and Bcl-2, and autophagy-

associated protein LC3B and P62 were determined by Western blot analysis, and cell ultrastructure was observed

Results: In SW620 cells compared with blank control SW620 cells (without Cu-Cy treatment and X-ray
radiation), the cell viability was significantly reduced with certain concentration-dependent manner (part
P<0.05), and meanwhile, the ratio of cells with decreased mitochondrial membrane potential and the apoptotic
rate were significantly increased, the expression levels of Bax and LC3B-II were significantly increased while the
expression levels of Bcl-2 and P62 were significantly decreased (all P<0.05), and the intracellular autophagosomes

were remarkably increased; all above indexes showed no significant change in those cells that underwent X-ray

Conclusion: The photodynamic action mediated by Cu-Cy under X-ray activation can effectively inhibit the

growth and viability of human colon cancer SW620 cells in vitro, and the mechanism may possibly be associated
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by transmission electron microscopy.
radiation alone or Cu-Cy treatment alone.
with its inducing apoptosis and autophagy.
Key words Colonic Neoplasms; Photochemotherapy; Autophagy; Apoptosis
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Y8 J197 1 (photodynamic therapy, PDT)
& — FOET I I RIG ST 7 R, DG BIOR) W W A i R
2 O I DIV S OB N B 1 VA 2 N
Hon R Re R 4, P AETR R A AL (ROS)
ROSIE i S A AE HIR B IR A M 4548 o Y 48 Ak 13 Y
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Jei R 2H ZF0 20 i JL-F- T8 5 BIAE T, BE O e = s E
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1B A 9 A0 S 50 L UE S AE IR B X R R T,
Cu-Cy g P A= 1% P 480 I 35 i % 50 7L U 98 400 it g 95 A
A B R RIVE R, R X R 20 2 50 35 il ) ik
FEi, Cu-Cy @ —RhBAT T 1z N H T 2 B8 g
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AW 5T B TR 588 B E RN Cu-Cy £ X 4R
KA G 06 B k45 B 9 SW 620 41 it A K3 i
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1.1 ##

111 Z&ME XG4 G 97 A A o 38
Faxitron 2% @) MultiRad225; i =X 48 M1 Sy BD 2
H 75, B BE O H S22 F PR R H77005  HL K
R4 K Bio-Rad AW 7 i ; BRI RS A Alpha
Innnotech 23 8] P2 i o

1.1.2 %KM AGHEMM R SW620 Il 1
B R 2E U B2 24 e A i by s H ik A4 (Cu-Cy )
FH 26 [ 1 o % BT M R 2 MR A B & RO G iR
A% . PRMI1640 i 52 W T 22 Gibeo A Fl;
CCK8 X F & F H AR A F; AnnexinV FIFC/
PTG &0 T s gL A R A Rl 2ok
A B v A A TR & T3 2 R Hl ;B -actin,
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Bax ., Bel-2, LC3B . P62 Higii Jy 55 [ CST 23 & 7= fit;
HRP frid B FEPi e . FPR 1gG Prik iy 746 5t
HamAamRAF .

1.2 FHik

121 miasrse A5 R SW620 & 37 C.

5%CO, W48 w M IR, KR & H 10% ik
4= 1ML 3 . 100 U/mL 7 % & Ml 50 o/L 8 % R 1
RPMI1640, HOW £ A= K I 41 il H T 52 5

1.2.2 CCK8Ztmmih £ kE®R KEEFEN
SW620 4 Mi 1] 0.25% B H AL . AT, il Al
HUN R, AN R 2 x 10° 4 /mL, DU
AL 200 pL #FF 96 FLAR I, 24 h J5 W BR R 5%
Wo H&H 10% a4 i35 19 58 4 55 55 5400% Cu-Cy
Bid W ¥ 0. 6.25. 12.5, 25, 50, 100 mg/L,

A3 5IHC 100 uL finA 96 FLAR T, BN R E B E 4 4>

AL, TUREEEOGEEFE 4 ho X2k IR R O e T 5 1Y
RPMI 1640 5¢ 417 3%, i 40 il 32 32 B9 X 2k BB 5 AE

HoN: 0.2 Gy, PRUEFEN 160 kV, &R i i &
2 Gy, 4kZLHiFR 24 h, &ALINA CCK8 ¥ 10 pL,

AR SLREOGHE IR 1 h 5 & k53R, RS K S il
ST ACEE 450 nm KA A2 25 FLI OB EE, # DA
TR A AT R AR = (SAX
M2 ODfH - 254l OD A ) /25 A X IR 4 oD {H
X 100% o B2 50 BEAELE ™ 48 b kAT

1.2.3 JC-1 # & %5 47 X 2 Jo BUIL A SW620
fegkik et 6 fLEE MR ES L, [ LA
JEUR SRR 3 h, FIREFRWE LIV PBS WUE 2 IR,

WCAE A B, SRS 800 r/min 50> 5 min, 3 biH,

PBUUERI A0 1 mL buffer RIRBRRERE, &4
WA 1 pL JC-1 ¥ 15 min, 800 r/min 5.0
5 min, # L7, 51500 uL PBS BRi2d 240, |
BLAT T XA AR I, 3 % Kl 488 nm, K4
WK M 520 nm,

1.2.4 wEIE ¥ SW620 4ifiILL 2 x 10° ZH i / £L
(% BE AT 6 FLAR Y, B5Rd %, PDTAb# 4 h )5,
FRE EDTA M IREGH LA, J5e0, 57 15,

PN 3% [ T [ e, 4 Cid . 1% HIR
FW T FEE 2 he B OB, NEEM KIS,

W MY R, SRR . MR s
HL BRI ER

1.2.5 AnnexinV FIFC/PI 3 % ik 4 A7 X 28 e
A M Cu-Cy-PDT # F 69 SW620 aa fe A ==
SW620 4 il 422 Ff T 6 fLIFFEM T IEFRLAK, PDT
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b PR S Ak S RO FE 24 b EWCEE SW620 4R, #
ML R, BT A EE 0N, JH PBS
VRIS BE A0 L 1 RS, ¥ PBS W R TS N .
J0.25% JEHE (A& EDTA ) WAL 40, 20 i 7 1k
TR, FAEE T b 2D U B A R R IR A S
i, SRJ5 1500 r/min B0 5 min, FF L%, PBS &
AN, B 10° ZE A EE A4, 1 500 r/min
B> 5 min, #F LW, JIA 195 puL. AnnexinV FIFC
255 W M 5 pl AnnexinV FIFC. R N RO E
10 min. 1 500 r/min &.0> 5 min, 3 L, A
190 pl. AnnexinV FIFC Z5& W % 10 pL PT 4L A4,
BRRIRAY, VK e CE o BE BRI AT I 2 A AR
AnnexinV FIFC A& @50, PL R AN,
1.2.6 Western blot # M 8 =48 % & @ Bax. Bcl-2
B AEARXE G LC3B, P62 &k H SW620 4iff
R T 6 LI MR h SR, PDT THi24 h 5
4001, fmA 200 pL RIPA ZLf# W, VK 30 min,
4 °C'F, 12000 r/min &0 Smin, 2.0 50 LT
WA E 0.5 mL WA ELE T, % BCA &
1 a3 7] & O O R A, D R B
I SE RN L REGE v SDS (5 x ), ik AE %
10 min i, 70%& - 80CHRMF, BHEHZ 12% BN
9 Tk e B e 0 B8 0, ¥ A PVDEF B, IS 5% it
BEWIH I TBST £ . I—+L 4 CRVEK , TBST
PRV 3 WK, R 15 min, FEO HRP A0 B9 AH RN 47T,
TBST ¥t 3 K. )i KM ECL &M K.
1.3 GitFabE

PhESism @3, 45 R R HISPSS 19.03
TN R I 2200, A 25 R 5« be i 2
(x+s) £, P<O.OSHERHGITHE L,

2.1 X Gt&# % Cu-Cy it RIS 3h /1% SW620

AR R G 1EH

BRI, TR i XSS 28 RS B IO R X SW 620
20 i 241 TG WY B A A T s AN TRD DI B e R S
(25, 50, 100 mg/L ) FEARF & X 2k 19 08 5 (1)
ER N M ATER D50 (55.74+4.59) %.
(17.03+£0.03) %. (5.17+0.11) %, HE
oA E B R, Rk EREE (S
P<0.05) o VIR E|—E L i ik AR B
W1, BPIRE) BT RE AR B R (L) .
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B 1 XHLHE Cu-Cy N SHAEh Xt dRiE AR
1) 525 FIXTE4L R, P<0.05

Figure 1 Effect of photodynamic action mediated by Cu-Cy
under X-ray radiation on cell viability 1) P<0.0S vs.

blank control group

22 XH&HMECu-CyNEMAXHIERAX

SW620 2 A 72 25 B9 %2 M

B Al I TR R XG4 IR A0SO R IR
SWe204i L &% TR, BERIEARK, KK
SR s THEMEAER, KA, 7
B etiec/ I 1 O ST N1 e Rl B A S gl
AR, R BRI 2, R A IR AT, B
Cu-Cy W BRI TN, AmpdE T e (E2) .
2.3 X HZ&H%E Cu-Cy ' SHI¥ 31 /133 SW620

0 B T B9 B2 i

B X G 2k RS AL R A TR N 17.20%
TG 50 7 b 340 B Cu-Cy ¥ BE R3S, 40 J4 7
RIFE FF . HPCu-CyWkEEH50 me/LAL PR Y
AP TR B H] T 80.74% , J&— A B A7)
o AN, B A OGSl oAb B A0 G Y 4N 3R BE R
HRARAE, BOZE A B XL AT, ML E
RN T (EI3)

B2 Cu-Cy NMEmxah 3T Sm#2nE( x 200 )
D: 100 mg/L Cu-Cy+X £ IR0

Figure2 Morphological change of the cells induced by Cu-Cy mediated photodynamic action (x200)

"

A 25 AN HRL; B B4l X ZRIRGTAL C: 25 mg/L Cu-Cy+X £ ST 24H;

A: Blank control group; B: X-ray

radiation alone group; C: 25 mg/L Cu-Cy+ X-ray radiation group; D: 100 mg/L Cu-Cy+ X-ray radiation group

B 3 XSt&i#& Cu-Cy M SRS 3h A3t 4R T M 2200
Cu-Cy REFHLL; D: 25 mg/L Cu-Cy+X X HESF 415 E: 50 me/L Cu-Cy+X 2 IR GT 45 F: 100 me/L Cu-Cy+X 25 I8 5f 40
1) 525 PR IR LEL, P<0.05
Figure 3  Effect of photodynamic action mediated by Cu-Cy under X-ray radiation on cell apoptosis

A: FHEXIELL; B A4l X P RGIA; Co R4l 50 me/L

A: Blank control group; B: X-ray

radiation alone group; C: 50 mg/L Cu-Cy alone treatment group; D: 25 mg/L Cu-Cy+X-ray radiation group; E: 50 mg/L Cu-Cy+X-ray

radiation group; F: 100 mg/L Cu-Cy+X-ray radiation group
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1) P<0.05 vs. blank control group
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2.4 X 5t # % Cu-Cy i S8y 31 513 SW620 25. 100 mg/LECu-CyAr 368 J1 4k B4 43 5] A
2 R 2 L4 BB o B9 52 M (32.43+£0.42) %, (49.82+1.26) %, 2%=F
£:50. 100 mg/LIY Cu-Cy N Fotsh AL HLS , Zokr HG i L (¥P<0.05) , M4 X5 B4k

PRI A T R L T (&4 ), 25 R R (10.87+0.29) %, S HAXNBAET LEIT¥E

SRR RS FRL A T B AR A LE 1 (9.55 +0.35) %, X (P>0.05) .

= = = =
- o = S ] = o = o
e = e = el e
& & & &
= o = o = ot = o
i el . 3F 13.53 = | : = =,
10 10' 10° 10° 10* 10 10' 10° 10° 10 10° 10° 10° 10° 10* 10° 100 10° 10° 10*
FI1-Height A FI1-Height B FI1-Height C FI1-Height D
4 Cu-Cy N B3tsh ARG SW620 4Rl JC-1 BER A a5 HARA; B 4l X ZRIREF4L; C: 25 mg/L Cu-Cy+X
ZRMESTZE; D: 100 mg/L Cu-Cy+X 2k fR 540

Figure4 Results of JC-1 dye of SW620 cells after Cu-Cy mediated photodynamic treatment A: Blank control group; B: X-ray radiation
alone group; C: 25 mg/L Cu-Cy+X-ray radiation group; D: 100 mg/L Cu-Cy+X-ray radiation group

2.5 ESGTEEWRAMMEREN
LA e WSS B W ) 2 —, R AR
TFEBIE X PR K Cu-Cy N S HCEh HERS H
Ji 8 AN SW 6205 4 h, 4L PN Y 11 I 4 1A 4k 396 in
(HEs)
2.6 ATH#H*XEHABax, Bcl-2 FERHEXEHS
LC3B. P62 &kix
VI B -actins NS HEH, 25 (A0 RG] . HaiX

GTLR IR ST A Bax . Bel-2, LC3B-11/LC3B-1., P62(# A: ZEITRAL; B 50 mg/L Cu-Cy+X ZRIRHTAL (5
RG22 5 (#P>0.05) , i bk 1%k S )
KFEAE25. 50, 100 me/L. Cu-Cy{l\E’F 956 3 47 kb Figure § Ultrast.ruf:ture observati.on 0fSW620 cells under
. N Bl s B ( transmission electron microscope (x20 000)

AL, S AXRALE, WA ER (Y A: Blank control group; B: 50 mg/L Cu-Cy+X-ray
P<0.05) (H6) . radiation group (arrow showing the autophagosomes)

= M Bax

¥ Bel-2

¥ LC3B-1I/LC3B-1

151 mre2
Bax
N
Bel-2 # 1.0
X
3 -actin
0.5 1
LC3B-1
LC3B-1I 0.0
. 1 2 éﬁ35u 4 5
3 -actin A . B
B 6 Western blot #&ill Bax, Bcl-2, LC3B, P62 EEFKIE  1: ZSPIXTMEA; 2. 54l X ZMEH4; 3: 25 mg/L Cu-Cy+X
BT ; 4: 50 mg/L Cu-Cy+X ZRHRHT4; 5. 100 mg/L Cu-Cy+X ZRIREGI4H 1) 25 (AN IRL L4, P<0.05

Figure 6 The protein expression levels of Bax, Bcl-2, LC3B and P62 detected by Western blot analysis 1: Blank control group; 2: X-ray
radiation alone group; 3: 25 mg/L Cu-Cy+X-ray radiation group; 4: 50 mg/L Cu-Cy+X-ray radiation group; 5: 100 mg/L Cu-Cy+X-ray
radiation group 1) P<0.0S vs. blank control group
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G AN SPDTH T k6 &% IF
FEA MR, EZHTIRITIRERME, N T 3R
IE IR IT Z B, DRI RO R i i & LA
B H AL W) Cu-Cy & B TR B9 5 — 1 fE
i I XL R WO, DX R N = A A0 i X
TS P R P 1 TR 8 AR, IR XU R
Cu-Cy RE = A 1% M 40 0 3 M 2% A8 3L I 38 40 i i 1 A7
A 0 B VR o AS TRBURFF 52 387 B8 Cu- Cy BB 4
X SR 38 2 A T B X &5 B e 40 O S W 6204 5if
i, 325 R 2 A e 3 40 1 T BB AL

AR SERR . R DG GRS 9 PDTAE TR
) TR0 ) A M, 3 e AN [ A 40 B P A 5 3 I ok 15 5
21 O e 77 N A 105w e e - T 1B
e FETSZARA S 10 I 3 % AN SRR A 51 N
VR R B Bel -2 R AN R T A — 2k
PWHEE, PFUET-EABl- 2 T2 3 & (I Bax &
DIReAH R PR TR B 1, TR R A I ] R 4
TR TR TR, R LR R A0 R T AR S 4 R
o Bax di LF BT AU MLAF TG, Bel-2 i UL 3t 21 i 4
T2, W, Bax/Bel-222 Mo & Yo 40 i A= 47 sl 4
TR ZED ) FFHWestern blot# | Bel-258
BEEASER TR Cu-Cy N FHPDTYEISW62041
JfLJS Bel-2 48 KPR T X B2, HBE G B0R)
i P e BE 186 hn ihi B . Bax/Bel-2 Fo(H i & & T XF
PR, PEHEN Cu-Cy /- R PDTHE HSW 6204 fifd
T AT B R E o AR B el-22K F1 3Rk K P A H Bax
B AFIAKF, T i Bax/Bel -2 LI .

AR Ty — A BT T AL R Ok R A7 6
T, A0 WA AR R A0 A AR AR S AN I AT T 1
XUHEAE R, 40 Gk 9w B Ot Ak 2 & 45405 1 4
JfL 2% DL B AT Y o, 0 A0 M AR N O BER R
7, BmERRPEN, Bl LI E4 i A
WEMESE TS, AR TR AR A s sE T e
DS AR T N s Andrzejak%[m]ﬁfmﬁﬂﬁu ELEES
HPEHATGCT7HEE, T HRYGBh S %t e le 740 B8 2 1
ROR, MR, XueZE"URBEL, WS BT,
T AR S FEATG 7263k, Al 85 6 3h 1 *f
MCF-74i A4

X G BOE Cu-Cy T 1 3h S /EHSW 62041
M4 his, HLE R B AN I P A L 45 A 6 2 A g
JBT A3 B WA B RN . AR BFSE B Western blot
Kl | WA G 25 R 2R, Cu-CySPDTH]
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