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Photodynamic Inactivation of HL60 Cells in vitro with
Folic Acid-Modified CdSe-TiO.
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Abstract The vitro photodynamic therapy(PDT) inactivation efficiency of HL60 cells based on cadmium selenide-
doped titanium dioxide nanoparticles modified by folic acid (FA-CdSe-TiO,) is investigated and the mechanism of
folic acid modification to enhance the PDT effect of CdSe-TiO, nanoparticles is discussed. The CdSe-TiO,
nanoparticles are prepared by hydrolysis deposition method, and FA-CdSe-TiO, nanoparticles are prepared by
surface modification method. The structure and optical properties of the nanoparticles are characterized by
transmission electron microscopy ( TEM), Fourier transform infrared spectroscopy (FTIR), ultraviolet visible
absorption spectrum and so on. The cell viability is measured by CCK-8 method. The intracellular reactive oxygen
species (ROS) levels are analyzed by fluorescence probe labeling technique, and the ultrastructure of the cells is
observed by scanning electron microscopy. The results show that FA-CdSe-TiO, nanoparticles have no significant
change in cytotoxicity compared with CdSe-Ti0O; nanoparticles in the darkroom condition. However, under the light
condition, FA-CdSe-TiO, has a great increase in cell growth inhibition rate. When the ratio of folic acid is 1.0, the
PDT efficiency is 84 % at 18 J/cm? light irradiation. Folic acid surface modification increases the uptake efficiency of
HL60 cells to the nanoparticles, and the level of ROS in the cells is increased, thereby the PDT inactivation
efficiency of HL60 cells is enhanced.
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E 1 (a).(b) CdSe-TiO, ¥t 1) TEM EEH (o) .(d) FA-CdSe-TiO. £ TEM &%
Fig. 1 (a), (b) TEM images of CdSe-TiO, sample and (c), (d) TEM images of FA-CdSe-TiO, sample
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Fig. 4 (a) Ultraviolet-visiable absorption spectrum of nanoparticles; (b) emission spectrum of LED array in PDT test box

RRALRFFAE 8020 LA I, X 24 1y Wk B 3740 ¥y 1 K e
20 B KRR A7 2B AR . D5 A TR R L /N T
100 Y0 B, Bl 2 it 2 Lo 5] 1 38 i 200 16 1 A X A7 36 2R
B =2 BEAIG L 3 96 B IR 43 7 %F HL60 41 Jfd 1) 58 1) 1
F L85 T HL60 40 g %} FA-CdSe-TiO, 44K i ki
AR IR R 2 I TR & i A9 386 i 2] 2.0 B, AH X
TR H B A B RE & L 5 AR T A0 AR X A T
MG T, 3% 7T BE SR T P R K LU 491 A 385 B A1
T YRR CdSe 1 L1, 1 45 25 W) A 5 1) 35 1
R AT o 2 1Y I R %) 48 A AN 2 5 1 1) 4 B 75 1 T
W BEE — R B U 2% 4 K TR 1 1

100

CdSe-TiO,
0.2

Cell viability /%
= [«2) (0]
k=] S S

[\
(=
T

(=]

Concentration /(ug-mL™)

5 REMET CdSe-TiO. il FA-CdSe-TiO,
CR TR 12 HE A1) 29 KRE T4 TR B9 HIL60 20 i 75 I %
ZPETT B 4N L AF I 2
Fig. 5 Viability of HL60 cells treated with CdSe-TiO, and
FA-CdSe-TiO, (with different FA ratios) nanoparticles

with different concentrations under darkroom conditions
33 AEXRBFET CdSe-TiO, 7K [ M B Lk 5]
B FA-CdSe-TiO, #1K#IF PDT 3 &

B 6 b CdSe-TiO, FIAS[6] M PR L ] 1) FA-
CdSe-TiO, g4>K Ok 78 A [6] % B8 2 H % HL60 4
Mif) PDT K G805, ARE 94 K 0B HL60 48 il
(e N I SN 7 QA N T A T a7 (-
20 pg/mL, 209 MR 6,12,18 J/cm® (G5 & 9k 47
SRR IR, AT RLR B, 6 4R RS 40 AR A XA T R R

IHFEAL, MWE HFE ., 5 CdSe-TiO, ., FA-
CdSe-TiO, X} HL60 4 Yy PDT K i &k 2 W b 4
oo B ' S B A B S TR RE S ) PDT K36 &%
IR Py . Hr YRR L 1.0 % B
JE R 18 J/em® B PDT KGR fe i . ik 84 % . [l
WF & B, 78 i 2 L B S AR /N T 100 B FA-CdSe-
TiO, Y K36 R BE 2 2 EL 5] A 38 n i 380, 17 24
I I8 6 1 L A3 38 i 21 2.0 BF, PDT K36 R0% H 31 i
R X R RE SR T i Y R 2 1B A B T
SRR CdSe-TiO, MK .

100
90 - i
§ 80 . /;/\
R ;
§ 60r * 1
g 50 T
T 40
E 30+ =6 J/cm*
Aot *-12 J/cm?
1 —+-18 J/cm?

0 . . . . '
CdSe-TiO, 0.2 0.5 1.0 2.0
Sample

Bl 6 AFDEEEFET CdSe-TiO, A [F MR
L FA-CdSe-TiO, %I HL60 42y PDT %%
Fig. 6 PDT efficiency of CdSe-TiO, and FA-CdSe-TiO,
modified with different FA ratios on HL60 cells

at different light intensities

3.4 FEMEEKFESH

fE PDT v SRR AE 6 IR SR 5 L F BE i A% 3
e I R =0 i R RNA SN - =W oy & R TR o=
S 0N e i O g 7 NN TR S T
AR S5 R FH OO R e H R L 3k A5 1Y 2 6t
WK T PDT i #2 . CdSe-TiO, Fl M-8R H 6
100 % FA-CdSe-TiO, EHF HL60 41 )5 . 4i g
AR B IS VR EUK P . SR 7 TR, FA-CdSe-
TiO. XF W 0 240 M 20 28 M 9 3% PE 4 K T
CdSe-TiO, XJ N7 F 42 . 3235 1 7K 7 T 45

0407004-5



th i

i ot

HHTA PDT A 52 560 45 5 — B, Ul W1 3 i v iR 12 1
A LA 208 5 HIL60 20 i Xof 20 K J0RE f) 5% A<, A
11738 558 6 HL60 4 g i 5 8l ) Ks 2%

80

a—CdSe-TiO,
o b—TFA-CdSe-TiO,

[\ ler]
oS O

Fluorescence
intensity /arb. units
W
o O

Do
(=]

b

—_
o O

a

500 510 520 530 540 550 560
Wavelength A /nm

7 PDT R HL60 40 il H i M AR 5
I (A =488 nm)
Fig. 7 Fluorescence spectra of reactive oxygen species
probe in HL60 cells after PDT (A =488 nm)
3.5 PDT {EFRI/E HL60 4 i 8 5 45 ¥ W 28
5t 44 L A Lg% PDT A AT JS HL60 41
JH 68 T 5 A L 75 3 A0 PR 8 BT s 5 R L K8 (a) IR

# HL60 40 . 7T LA F], HL60 40 il 12 29 A
8 e, 4 ML 45 K4 SE RS AR VS L HOA SR B A5
K 8 (b) K CdSe-TiO, /5 PDT £ /] J5 HL60 41
JH % 8 Tk 45 4 I, vT DL CdSe-TiO, #il HL60
UM 3L IO IR A0 M 25 A8 B IR L AN At A 5% T
;e — TR I A INAL L 2O SE L A R R
A HTIN R, CdSe-TiO, T 58 B 4 75 41 iy i %
T 280 B, 7 A T MR A A R AR (ROS) , B
0 B RS R TH B AR, I A B M R R IR sE . K8
(o) (D43 51K FA-CdSe-TiO, 5 HL60 40l tt &
FF 6 RS 1 22 4> 41 i P R B S i i TR AR 8 (D
A DL o 40 A 25 R 4 R ™ A0 i B o B TR
Tk 4 0 GG 65 A0 4 A 20 o B — o R K s 4y
Brik kil ok 9 7 R 3 A48 L 9 FA-CdSe-TiO,
YR oK UL R 3R AR E AN LRSS % T 1Y AN oK R L 7E D
W3R 5 77 A2 K ROSLROS 5 40 i 28 & 40 i i
KA AR RV 5 0N i R AN e 1 IR, AT
fiff HL60 40 ffi 3R 3L .

K 8 (a)IEH HL60 4B FI(b) . (o). (D PDT 4bH )5 HL60 40 ifl i) i 45 44
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