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UVA Assisted 4-Thiothymidine for Cancer Treatment *

Jiang Ge' Luo Feng' Xu Yaozhong® Zhang Xiaohui’™
(1. School of Life Science and Biotechnology, Dalian University, Dalian 116622, China; 2. Department of
Life, Health and Chemical Sciences, The Open University, Milton Keynes, MK7 6AA, UK; 3. College of

Environment and Chemical Engineering, Dalian University, Dalian 116622, China)

Abstract This article reviews the developments of 4-thiothymidine analogues, assisted with UVA light, as a
novel cancer therapy. First, the key points on synthetic chemistry, photochemistry and cellular toxicity of 4-
thiothymidine are summarized. As the chemical structure of 4-thiothymidine is very similar to that of its parent
thymidine, thus 4-thiothymidine can be readily incorporated into cellular DNA, and with the help of thymidine
kinase, much more preferably into cancerous DNA. Unlike thymidine, 4-thiothymdine can absorb strongly in
UVA (longer wavelengths of UV ) light. Thus UVA-assisted 4-thiothymidine offers an effective cancer
treatment. Some underlying mechanisms of action by 4-thiothymidine/UVA and compares this cancer approach
with the commonly used photodynamic therapy are discussed. The various interactions between 4-thiothymidine
with human serum albumin are introduced. Finally, a short conclusion on the past efforts and a brief prospect for
future work in this exciting research field are given.

Key words 4-thiothymidine; photochemical reaction; cell apoptosis; anti-cancer drugs
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Fig. 10 Metabolism of 4-thiothymidine ( S*TdR) is
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Fig. 11 The principle of 4-thiothymidine killing tumor cells

by UVA irradiation auxiliary
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Fig. 12 The toxicity of S*TdR/UVA for TK- Raji cells"’
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Fig. 13 Synergistic toxicity of S*TdR/UVA for different

cell type"**
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001, IS BORMABL LT A P 0 i 08 T (an &l
14 A B F7R ) , X IR B RIE 4HE00 7 (Tnf&l 14)
AT SO W RS Y TR AR BT AE
T 400 pum , 75 3 B IR 4 2R T (X SE LR
IFARAETE 14 BRI o % BT 33 e 52 2 i 42
PR 5 SN Bl 4-B70 B SN A 5 S 20 0 T Y
bR BEAE X e Jed 200 I R LEh A0  i k RHRE p)
TRYTIE T (T 28 AN/ A - i 42 M 15 |
P B RE R A B A2, A Tt —20 1
W
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14 S'TAR/UVA XM R (369717 2 A) B
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Fig. 14  4-Thiothymidine + UVA treatment of skin and
malignancies'®’ ; A) Basal cell carcinoma ( BCC) biopsy
section; B) Squamous cell carcinoma ( SCC) biopsy
section; C) Healthy skin section(left, DAPI counterstains;

right, TUNEL readings)
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2 WG WA E AT &30, 4-m it A M 1 2 RE A T A 51
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ML) DNA Jf AFRREE b A TE 5 48U 0 3 A%, 1
JUR TR B v %) O AR B 20 L HL A 1E #4121 /0 10 ~

- 1231 -



it F it R’

20 1%, XFPAEIE R AL P BRRIER S S 2 )5
20 h B EREIRE BETRE(IER 1 R) .

T JOE g Sh B R S G | Boddy 250 B I
oI 9 &4t e A 381) FH A 8 TR AL B BY Fischer /)N BRUBS
o AT M I g SR A AR AR 3 03] DA bk 8 O R
IS I HE VR 7 AT 4-B M 45 24, DLW 2 RXT E
YT AT Ty T 0 S B YT AR, S A R S
FIA R IKTE S 20 B DERE Uk L 5251 UVA 41 ik
HESE/UVA L AES BEFE Ve /UVA 4, S5 e KR
LI A AR 5 K, # k4 #% 1 160 me/kg 1Y
R AT ST, B EHE VR 9 77 5 0 4 me/ml; 2591

H20 hJ5, 3532558 5 KI/m® () UVA BR5) SR )5
BEATROR T &I WEE 15 K5, UVA B I8 521
I T SYIE T, L FR K ST/ UVA AL b A K
ARE T B S AR o o], AT e AR 3z e T At S
BOe, IXFEH AT R Dk R SRR S E AT 4-BR 0 AR
Wb e 265 245 %) B Y 5 ) s 4 - 5 4 R TE A% B
B A B ), TR RIVE L H BT IE R A
JUE B O 448 5 RE 7 B R A A0 Mt LA B R Y TK
RGP 22 % S*TAR () S & 5, (E7E SEBR
F X e A AT DURE S B2 32 UVA FREGH, It B
G X T 2 SURN R T R

R A-B AN 8 L KA ST (160 mg-kg ™) BB ET I (4 mg/mL 2 h) B ARIF41Z1 DNA [

Table 1

2 h) administration"*"’

S* TdR incorporation into DNA in different tissues following intravenous ( 160 mg-mgfI ) or intravesical (16 mg in 4 mL for

route of S*TdR administration and

amount of S*TdR incorporated into tissue DNA (% thymidine replaced by S*TdR (mean . d. )

time point of tissue extraction control bladder  bladder tumour kidney liver skin eye
intravenous S*TdR
2 h undetectable 0.0018 0.0016 0. 0050 0. 0008 0. 0003
(0.0002) (0.0010) (0.0040) (0.0004) (0. 0002)
20 h 0. 0055 0. 0140 0. 0040 0. 0200 0. 0005 undetectable
(0. 0002) (0. 0006) (0.0030) (0.0100) (0.0004)
intravenous S*TdR
time 0 0.0010 0. 0040 0.0014 0. 0049 0. 0008 0. 0002
(0. 0008) (0.0100) (0.0007) (0.003) (0.0003) (0.0001)
4 h 0.0010 0. 0028 0. 0005 0. 0062 0. 0004 0. 0003
(0. 0005) (0.0010) (0.0003) (0.005) (0.0001) (0.0002)
20 h undetectable 0.0019 0. 0004 0. 0055 undetectable undetectable
(0. 00003) (0.0003) (0.0020)

6 4-TAiAMEFEDRPRESERFR

TEA HE ) R LIRS e A AL S by FRAT] A 9 2 4
it J58 0 30 3 e DK S AR A 45 2l A i
W —Fr, 1S H 2 H (human serum  albumin,
HSA) 2 MK R G e F | ki L, ot H
RIS AR Z R A 21 g &
A SVFZY) iz 454, S B B P
AR Y B IR — T EE ST B
LIS G Ffittis K 258, 7 25 W AR 8l ) 2 A
IR EEAE M, 25015 U H A A
HAERRIBETE A T 5 A an k2 Z Rl 52 37
o MALABETE R M R | LT A H 5 2525
GRS EEAIRSS G0 E RS S A
B NERII A AW B0 520 LA K 25 ) AE 1 b
Mo BCEE . BRI A PG P SF- s
tEN U I = 87 ) 6% Rz NN R S | Uy
SELP T T AR AU TR 25 R R F T
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5otk 2= R A A O iE, 5 NI HE A
(HAS) 45 & B R SMEE AL BF 58 T 4-B B /4 5
HSA BIAIEAE AL, T &850 455
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RN sl Ji2E g e e A EA — 2=
S RIS S AFSY 4-Bi S T X HSA 14 BB A 52 i 42
HE—BEBLRIE B X T AT 2 o TR R 25 9T
% LEA RN TR,
6.1 itk

AN HEARSEY S FHEERE, €
IR ETE S — 2 st Ar , R IL, i i T i 40 5
VER A AT ep . sk 27 7 R 2R Aok 3 | 2¢Ot
I | Y S 7 2 O AR O SR H R B
I8 T PR R HSA 5 4 i i v e J S8 A% H A
HAEH, I 5 Stern-Volmer 77 #2£3K ) HSA 5 4-
B Hd S 114 25 B i B SR T 2R B, AR I
RESTFHTERIEAY & B HHT
HSA 5 4% i %8080 5 A1 5. 45 4 18] il /8 F 25 A,
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Fig.15 UV absorbance spectra of HAS and S*TdR™! . a)

UV absorbance spectra of S'TdR, b) UV absorbance spectra

of HSA
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Fig. 16 Fluorescence spectra of HSA- S*TdR"™
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Fig.19 (a) The AFM topography image of free HSA ( the
light dots) ; (b) The AFM topography image of the HAS-

S*TdR complex samples ™
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Fig.20 Model Docking of HAS and S*TdR'™’
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