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Upconversion Fluorescence Monitoring Near-Infrared
During Tumor Photothermal Therapy

Wei Yanchun Wu Baoyan Yang Liyong Xing Da
(Key Laboratory of Laser Life Science & Institute of Laser Life Science, Ministry of Education , College of Biophotonics ,
South China Normal University . Guangzhou , Guangdong 510631, China)

Abstract The photothermal therapy which mainly uses near-infrared laser to heat tissue has become a new validated
method for tumor treatment through direct surface irradiating or inserting light fibers in tumor. The near-infrared
light transfer in tissue is limit and the thermal effect occurs only in a small volume during treatment. Thus the
treating extent is difficult to control. Otherwise, it is difficult to distinguish the boundary of tumor and normal tissue
in photothermal therapy. Improper heating will hurt the normal tissue. So it is important to guide the laser in time in
thermal therapy. The results indicate that by using upconversion nanoparticles Yb/Er (NaYF,:Yb, Er)] to localize
on tumor, the infrared light can be monitored in real time with the upconversion fluorescence. The light dosage,
distribution, heating extent and the boundary of tumor can be detected to increase the effect of thermal therapy.
Key words medical optics; tumor; laser thermal therapy; upconversion fluorescence; target

18 = o FC A E 52 4 BT T 52 1 L T 60 41 80 2 1.
T 95X R 4 M YR PE R AR L o g TRPR2E IR SRR O I i S TR I AL

WSRO B R A gt g S C T CF e W RARSEIR IR A 0 BLI AL A

KR TFIERMGT . SRIE, # A e ny  OC BRI RO A SR L AR 5 L e

YRR RS » O 6 LU RT (8 By B 0 sz e, SRAIIRRE AL C LI IR SRR S 6 I 5 A A

R E#: 2010-06-12; YW EEMFEH: 2010-08-03

E&TAB: HFK 973 111 (2010CB732602) [ 5 [ SRR} 4% 2 43 (30800261, 30870658 I L # # “ K V124 3 55 17 A1 A it
7B A BA 3 B (IRT0829) %% B it .

EERN: B EAIT B R4 . EENFHEOLAEMEFFMAME . E-mail: weiyanchun@scnu. edu. cn

SUE IR K957 B AR R I, E NGO 5 A A B A R R A W R A T S T T A
E-mail; xingda@scnu. edu. enGEIEEE R )



2720 2l 5]

W 57 %

B, B TBE AR B S A I BE T s e AR A
200 5% {of g 4t P 1 S A O M R L R EL AR
T 00 A b R A0 e e A B B R R K
W pEA R, 2 B8 2 AR, pH EAR, & SR 6t
Z NIRRT R MO

WOCHE R T A A 2Un] LL 5| k45 Fh i 34k 27 3%
N B 812 BT & AR ia T . e
LLAMBOCINIAST I, © A i 9 #0071 — BB 1 A
RBP4 A A K N A2 £ Bl R R
S AR T OGS e B ] OGBE R/
FEAREE 7] B 5 2 U AR G 25 R AR a2 2%}
AWM BT b R A% 5 DL R il YAV B R 0 2
P G, DRI S st W TS5 1) 20 A/ 1l Ay Mo 88
PTG

PR AT &K MW Z W AT EET
BeL100 IR m o o A A U g . (H
F AL A K26 T4 LA 58 0 B K B R e 4141
37 TR T VY BR A i B R 1Y B AT AF AR 2 R
it B b B e b R A B U AT L B Al i
BRI o T A v A D R R . S AR A R — i
R s s O 951 g e 1 @ o i 7 2 A 2
% 6 ARS8 B 1) 3 2T A0 6 3R T S RUE F IO
S AT UL B 9 o6t A g e R T2 R
A YR 1) 43T R S T DAGE S B R B R R B
P A 2 A A D D 5 0L 1) 7 P R S M SR A . Y
B2 2R ) 43 9 BRI FH o 0 fih e S i)
Ay F R VY % B B b (Erbitux) R E A K H 72
AR T 2 TR 38 T 40 441 79 ( Geefitinib) Do 1704 R T 5
a3 R B 4 R 0 8 S5 R M I B A A R AR A
(UCNs)Z5 5 A= Wy 88 ) AR o A TG 5 09 # il T Bt
A LA S B RE 1) b B 4 e e R A

AR SCR) 1 55 40 A0 KR T 23R 97 B0 R AR
Shy W T R A S ) L B e R IR A AR YT Y
(7] F ARz Y0 2 4 2 S 5 L S B e 98 1 AT ol A o
FR) M T S 1) e A RS B IR 9T IR B H Y

2 MBI
2.1 Gk FRIEMRNR 42

FME T 2R LB (PED B 15 44 K
KL ¥ (NaYF, FEE/RECH 10200 YD L BEIR 434K
100 Er'  HARSN 50 nm, B fLAE B B RS
P& 38 5 E— 25 B A8 i A R T 5 1] 4 PR
S5 B I I A0 KR T 7E 980 nmoB I & T AT
LI % B 540 nm F1 654 nm 1996 T, EAAR B o

P2k 1 mL, Bi 8 1 mg/mL A 49 K KL 1%
WA 200 pL e 45 1 SR B 10p L N-[2-( = B A gk
IO N ]2 T /3-(2-F L H8) 3-F N FE Sk Ak
K (AEAPTMS) fEZ I FHEHE 3 he MR (7. 4 mg)
e 3 mL —H Z W DMSO H i 18 mg 1-Z, #-3-
(3-ZH k208 ) ik — W i #h iR #h EDC B 8
30 min 5 TR 9 R M4SN b B R 0 K ORL T AR
Ja i T k4 b R G W0E B 0 (10000 1/m,
10 min) ZRIBUE i J5 69 98 K KL . #R B (Bale) Il H
R R A 2B B P s /N BRSO bR B 29 g 1 X
107 Ay b6 A0 I o 1 R 1< 22 B4R 5 mm I
2.2 RUKILHNE

KA LR W WO 3E O A Ot O B T I
(Lamda35,PEA, USA) . BN LU B RRH 2048 R J5
VIR 10 g JEEJE J5 Y23 0606 BE 11 i 500~1100 nm
P By ot .
2.3 #HTEBRPRENNEMHRG

RO 1 e 0 /8 BRUPH B2 G 22 B SR BRI i o T il
JEAFA AR I . ] 980 nm T 21 AMEOE (980 nm,
laser,  NL-FBA-30-980,
Photonics Corporation, Vancouver, WA , USA) IJj K %%
J& 400 mW/em® JinFIN BRUMHR B8 7 b J& 21 5 250 AR
A8 3% U B R A% (TVS-200EX NEC Avio infrared
Technologies Co. , Ltd. Japan),
2.4 EEREHRGYKIR $TEE (8 TE 4 40 B Ok S R AT i

B EHEBRR AR

W1 oL, B B2 Oy 1 me/mlL (Y F % 4 0K
REHAWCE THIEI A, ] 0~2.5 W 19 980 nm L4
WOGHUR » B CCD BRG] 5 s SRATINZE G .

A f% Kt 22 38 I IR 52 % 114 Jii it g 240 L ( AST Ca-
L0 BTN Rz se g sh o) '8 T 3 A1
R % L Ap [ 40 i 85 97 3 (DMEMD KRy 8k 10%
JIG AR 1L (FCS) .37 'C I3 3%, FF 40 i 1 &) 3 5 35 5%
L5 P A b 4 40 oK 48 5 (1 mg/mL, 100 pL ) W
B o WFE ITIE ST 2 R A M IR T A4 0 K PR A
A0 M LI R 5 R (WK 1 mmol/ L) 35§ AT 46 Jifg
MR A2 44 30 min J5 . FF FHAB M i R 1 491 K AR BT A 20
JiL S0 5 4 B M P IR 1% 94 K R BT R A4 M I g
Ho HIFFEE Y 2 h, Uk 56 T B $h 22 o
W (PBE W B 3 KL% )J5 H 100 mW/cm®, 980 nm
WOt# & CCD &, BEOGIRE] 2 30 s,

INERUIRE K 2 B AR 5 mm I 7E 67 T S8 i B 1Y
BB GRARET 100 L. TRYHORIL 48 b5 L #EAT
PO M 26 B . /N RO B S 400 mW/em®,

semiconductor nLight



11

= P (D o i i 4R BURARY N L i i

2721

980 nm LA EOL B K s A iE T CCD #4755
A% SR ] 30 s FRANIE 1 s

UCNSs folic acid modified
. e . 5g.
b+ o 2 il
* e 3 < ¢ £
_ injection location
S
‘& - 2
 —— ) ";'—i- _f’\ B —— _ ‘ o ~
f ! r — L« i
infrared laser )
/ fluorescence
> tumor

BT b A 40 A R AR A 8 i R0 A s U0 oy 7 T
Fig. 1 Schematic representation of UCNs surface

modification and for photothermal monitoring

3 GRS
Pl 2 7R T KRN BB Ik 40 i W ot

[ (a) water

=3
—
©
a

0.185

0.175 \/\

Absorbance (a.u.)

500 600 700 800 900 1000 1100
Wavelength /nm

B2 oK AN BB R A SO O i 1A

T 7R B Kk 2H 2R 1 T 2L A SO A DD L AR O
TWGBOL RSB R A TN A R T IR B &
JIAEE £1 4/ 8 S5 30T Y 2 B i DR A KRS 1 i 4 IR i
I A5 o b K A8 W W35 AT L B I 21 A0 XK B I
Y 3 3 A ) S K R AE 6006 A L TR
AW A b PRBON FE R IR T KX 980 nm £LAM B
M. ZLAN G B A R Wi — T T N T AT AR
{HL55 —J7 T o BRI 1O ) 2 3 R BE L O $UTT Y
INAGE B2 2 7 BRA . B LAVE ST ek B 0 i i —
JBER O3 G AR 4 A BIE 2

B 3 S /) UM B B ik B 2050 7 Y T
it 0 e JL 5 A L AT LA BIFE % S R R 9 980 nm 41
SMEOE RN S /N B AL 2 2 min (ETF =BT
TR E R B R R 43. 2 C O J [l B ik
A LA 40. 2 C UG P8 7 b i o 4 X
1115 L 55 3 B UK A 38 B2 2 S T A 3 B I O
il 958 A B 14 2 SUAE K AN TR o 0T 0T 21 90 A IR B U L

0.220 - (b) skin

L \/\

)

(=] (=]

Do [\V]

(=3 —

(=] o
T T

Absorbance (a.u

0.190

500 600 700 800 900 1000 1100
Wavelength /nm

() £ BT K 600 pL. (W FR/DRBEKEHED A 10 pm B

Fig. 2 Absorption spectrum of water and mouse skin. (a) 600 pl. deionized water, (b) 10 pm

thick slice of nude mouse skin

44 -
@

—— tumor
------ normal skin

@)

£

-~

2 -\

E :

3}

=

50 100 150 200 250 300 350 400
Time /s

- 45.0
- 421
- 393
L 36.4
| 33.6
L 30.7
L2738
L 25.0

3 /N BREL MO R i A A BRGR P o Cad BRE RIE B UK 3 R o TR e AR I 1R] g 2R () /D BRI A v B PR
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and after heating, (b) thermal picture of mouse
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Fig. 4 (a) Light fluence rate dependence with fluorescence of folate-UCNs under 980 nm excitation;

(b), (c) specific-targeting cellular intensity and imaging of folate-UCNs
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