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[Abstract] Background and purpose: Researches had indicated that about over 85% of malignant tumors
highly express telomerase activity. So telomerase has become one of the important methods in the research field

of tumor diagnosis and treatment. Nowadays, several reports about malignant tumor which over expresses hTERT
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targeting imaging with radionuclide labeled hTERT ASON had been published. In these reports, high quality of pictures
can hardly be acquired because of poor anatomical and spacial resolution in nuclear imaging itself. Accordingly, in
this study, we developed a method of detecting human telomerase in vivo with magnetic resonance imaging (MRI)
and evaluate its feasibility. Methods: Firstly, Uniformly phosphorothioate-modified human telomerase reverse
transcriptase antisense oligonucleotide (1-TERT ASON) was labeled with Gd** through the bifunctional chelator 1,
4, 7, 10-tetraazacyclododecane-N, N, N, N*”’-tetraacetic acid (DOTA) and iv vitro experiments were performed to
characterize the antisense probes (for biodistribution and cellular uptake, *"Tc-DOTA-ASON was used in stead of Gd-
DOTA-ASON). Then Gd-DOTA-ASON was injected intraperitoneally in pulmonary adenocarcinoma A375 nude mice
tumor-bearing BALB/c for in vivo imaging using 7.0 T Micro MRI periodically, tumors and their surrounding tissues
were defined as region of interest (ROI) to calculate the signal to noise ratio (SNR) of tumor to muscle using Gd-DTPA
as control. Finally, immunohistochemical analysis of telomerase activity of each xenograft was operated 2 days after
imaging. Results: The binding efficiency of Gd-DOTA-ASON reached was as high as 65% (63.2+2.4, n=6). And it
can maintain 61% in fresh human serum and normal saline at 37 °C over 24 h; A375 cells showed an uptake of 8.5%
when incubated with 99mTc -DOTA-ASON; In comparing with DOTA-ASON and Gd-DTPA, cells transected with
Gd-DOTA-ASON had higher SI when performed MRI with TIWI. The hTERT-expressing xenografts were obviously
enhanced by Gd-DOTA-ASON at 0.5-6 h after injection and the SNR can reach 2.37, whereas obvious enhancement
only could be found within 2 h after injection of Gd-DTPA. Both labeled and non-labeled antisense probes can suppress
the activity of telomerase of A375 cells either in vitro or in vitro. Conclusion: Our research offers proof that Gd-DOTA-
ASON can be used as tumor specific targeting MR probe for diagnosing malignant tumors with high expression of
telomerase.
[Key words] Antisense probe; Telomerase; MRI; Tumor; DOTA
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Fig.1 The stability of Gd- DOTA-ASON under different
conditions
It showed with 24 h, the labeling rate of Gd to DOTA-ASON was

over 60% in the different meadia; UV: Ultraviolet; NS: Normal
saline; RT: Room temperature.
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Fig. 2 In vitro MR images of Gd-DOTA-ASON (upper line), Gd-
DOTA-SON (Middle) and Gd-DTPA (lower line) treated A375

cells

TR: 561 ms; TE: 14ms; FA: 180°.

2.3 RXIRSTEM S
#"Te-DOTA-ASONTEfF A375 s /N B N
SAEERERD BN, FEH)F0.5 W N R
IR B, BEEDFFA TR, T4 hipnk
B F 5 {8 (2.18+0.29) % ID/g - 7E 12 h {5 7E 5%
K ROSCERAE 2 A B R, A2

JEHE, R, B M. LA
LRSI R 3 e
2.4 FAMRE&

TEHESTGd- DTPA FliGd- DOTA-ASON/SON
J52 hiN, s s e sk (&13) . Gd-DTPA
Y MR ARSI 6 WA 55 0 B B o BRI i A
HOARIE, T RS N FEZzam ik ; RO #T
gER R, Gd-DTPAZH JifJe SNR = i B[] M 2R
TEESTF0.5 h, FERIFFGE TR, F6 hiZik1.0,
M SCEREEAE0.S hil Bl fs , AT TR, F
2 h X HE B EIFE6 hINAERFTE R R K,
IE SCERET 2 SNRIB S LR 5 S SCIR BT AR,
AHAE2, 4. 6 hiySNRIF AR T S SCIRETH (P
<0.05, n=5); TFHE0.5 h 320 i AYSNR 2%
TG X (P> 0.05, n=5), {H{F2. 4. 6 h
Y SNRBH AR T s SCHRET 41 A L s 3] 5 A9 SNR
(P<0.05, n=5, Kl4),

2.5 IRIBZENH

YA R i S e A 4k 2 G 8, i /R A3 TS
211 1 e oL il e L 22 BHPE, {H AT 4% Gd- DOTA-
ASON/”"Tc-DOTA-ASONFFH], 145 R4 R
FSCHRET PT 15 20 M 45 BT 5 v bz RN AR Af A
255, TR R 28 (ES5).

AW ke b A Rt 3R], e SR
FHAER UL TR AS TS IR AR, I rT il
ARG, TTGA-DTPAZH S S i
(o).

%1 “"Tc-DOTA-ASON ZETTA375BMERR B ik M Y £ 453 75
Tab. 1 Biodistribution (%ID/g) of *"Te-DOTA-ASON in mice bearing A375 Xenografts

(T, %ID/g)

t/h

Organ 05 1 2 4 8 12 24
Liver 2.68+0.51 2.51£0.19 155+021  2.09+0.17 1.89+0.11 1.39+0.14 1.34=0.13
Kidney 249015  4.18+0.35 2774021 2.370.13 4.50+0.46 4.50+0.51 1.60+0.16
Heart 0.55+0.11 0.55+0.17 035£0.16  0.24%0.11 0.19+0.07 02240.06  0.17£0.04
Spleen 2.58+0.41 2.69+0.48 0694022  0.41£0.12 0.28+0.11 0.52+0.25 1.070.38
Lung 0.28+0.11 0.83+0.21 0714033  0.64+0.23 0.44=0.11 026£0.14  0.18+0.12
Intestine 021£0.06  0.48+0.17 2174022 1.06+0.18 1.68+0.32 128+0.29  0.690.12
Stomach 1.090.11 1.5240.16 0.52+0.12  0.40£0.21 0.3420.13 048+023  0.4240.16
Blood 0.66£0.15  0.76+0.19 0.67£0.12  0.300.11 0.28+0.12 0.30+0.11 0.1420.10
Bone 0.65£0.12  0.63+0.21 038£021  0.27+0.11 0.18+0.09 0.18£0.06  0.12+0.04
Muscle 0.36=0.13 0.54+0.24 0.17£0.06  0.14%0.04 0.19+0.07 0.1120.05 0.150.05
Tumor 1.76+0.31 1.5040.16 1724018 2.18+0.29 1.86+0.09 14740.11 1.36+0.07
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Fig.3 MSME-T1weighted MR images of nude mice bearing
A375 tumor at pre-injection and 0.5, 2, 6 h after intraperitoneal
injection
Tumors (arrows) all depicted different enhancement level at 0.5 h,
but in Gd-DOTA-ASON (upper line) the enhancement remaining
at 6 h while Gd-DTPA (Middle line) decreased obviously from 2 h;
TR:561 ms; TE: 14 ms; FOV: 4 cm; Gd-DOTA-SON (lower line)

showed similar trend to that of Gd-DOTA-ASON but with lower
enhancement.

* B Gd-SON
3 4 [ Gd-DOTA-ASON

2.5 4 B Gd-DTPA

5 -
&
v 15 7
1 -
0.5 -
0 s 1 2 4 6 24
t/h

B 4 FHEAERESMESSIERERNIERE
Fig.4 SNR of tumors to muscle after peritoneal injection of Gd-
DOTA-ASON/SON and Gd-DTPA at different time point
Each bar was depicted as X+s5, n=6; *: at 2 and 6 h after injection

the SNR was significantly higher than Gd-SON and Gd-DTPA group
(P <0.001); SNR: Signal to noise ratio.

B 5 AEFELEEHAI7GHMBhTERT RHANFRE
Fig. 5 Immunohistostaining of hTERT of A375 cells

(x200)
Cells treated with Gd-DOTA-ASON(A) and Gd-DTPA(B) display
different positive expression of hTERT (brown stained cells).

B 6 A375BMEHALNTERT REALKFELE
Fig. 6 Immunohistostaining of " TERT of A375 tumor

(x200)
Tumor treated with Gd-DOTA-ASON(A) and Gd-DTPA(B) display
different positive expression of hTERT (arrows); Samples were
collected at 2 days after MRI.
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