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Development of radiotheranostic agents targeting neuroendocrine tumor:
Cu-64-labeled somatostatin derivatives containing a novel amino acid ATSMaa

Fujisawa, Yutaka
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Radiolabeled somatostatin (SST) analogues targeting SST receptor-2 are
useful for diagnosis and therapy of neuroendcrine tumor (NET). The aim of our study is to develop a
novel theranostic agent which enables to perform both diagnosis and therapy of NET, we had
previously synthesized novel Cu-64-labeled SST analogues. In this study, we designed ATSMaa, a Cu
(I11)-chelatable amino acid, and synthesized novel ATSMaa-containing SST derivatives with the purpose
of improving the physical and biological properties of previous compounds. A novel
ATSMaa-containing SST derivative possessed higher hydrophilicity and higher affinity with SST
receptor-2 than previous compounds. Additionally, it was revealed that a novel derivative induced
higher accumulation to target tumor over a prolonged period of time and lower accumulation to some
of undesirable organs in NET model mice.
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Table 1. fE & & & & U RIGF (< & HFmoc-k(BT)-OH
Fmoc-k(BT)-OH DRTF F~DEAHE
coupling condensation efficiency (%)
C
reagents A B c
HBTU/HOBt 68.1 94.4
Fmoc-k(BT)-OH HATU/HOAt 68.5 97.2
PyBOP/HOBt 52.7 88.7
DMT-MM 63.6 100.1
EDC 6.7
og(alyl chlori_de 4.3
Frmoc-k(BT)-OH thionyl chloride 3.2
DMT-MM A: Fmoc-k(BT)-OH; 5 eq., activation; rt 10 min, reaction; 120 min 3times
B: Fmock(BT)}-OH; 5 eq., activation; 0°C 60 min, reaction; 60 min X 4 times
C: Fmoc-k(BT)}-OH; 5 eq., activation none, reaction; 60 min X 4 times
-a ATSMaa SST Cu (™Cu)
DMT-MM Fmoc-k(BT)-OH TATE N Fmoc
ATSMaa SST k(BT)-TATE (Figure 1: compound
3) m/z=703.7865 [M+2H]?* (error: 0.62 mDa, 0.9 ppm)
HoN-DGIU(OtBu)-OtBu  ToU anhydride [ToU: 3, 6, 9-
trioxaundecanedioic acid DCC | ToU- DGlu(OtBu)-OtBu
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k(BT)-TATE N
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m/z=870.3379 [M+2H]?* (error: 0.11 mDa, 0.1 ppm)
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ATSMaa SST MCu 1.1 microwave
nCy "ACu-k(BT)-TATE ndCu-eToU- k(BT)-TATE
MICU-k(BT)-TATE: m/z=734.2412 [M+2H]?* (error: 0.69 mDa, 0.9 ppm)
"ACu-k(BT)-TATE: m/z=900.7951 [M+2H]?* (error: 0.28 mDa, 0.3 ppm) MS/MS
product ion Cu  1:1
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Table 2. "Cu-SSTH & (A DL~ £ W E I it

protein SSTR subtypes**
compounds  log D74 binding (%) > 3 5
1 0.92+0.10 98.90=0.09 0.467 559 40.6
2 0.41+0.05 9749+0.11 1.79 372 315
3 -0.13+0.03 88.20=0.83 0.138 165 3.57
4 -2.28+0.05 82.72*0.90 2.74 2240 62.7

*This assay was performed by ultracentrifugation method, and these values indicate mean £S.D. (n=5).
**The binding affinities of "a'Cu-SST derivatives with each SSTR were calculated as IC5 values by using
a competition method between radiotracer and n3Cu-SST derivatives.

Table 3. "Cu-SSTHAKRDBIBFRFIH 1T HEFES & UniCul i 5E T

solutions serum + pen* GSH solution** ratio of free peptide**
compound 1 2 3 4 1 2 3 4 1 3 4
0.5 hr 100 94 103 107 92 88 86 103 20 34 49
1.0 hr 96 93 105 105 93 86 77 90 24 38 73
20hr 98 95 106 106 91 83 75 80 27 51 84
4.0 hr 94 90 103 104 78 70 67 66 39 71 120

* The stability was estimated in mouse serum containing 50 uM penicillamine at 37°C, and these values indicate mean of triplicate experiments
** The stability was examined in 5 mM glutathione solution at 37°C, and these values indicate mean of triplicate experiments.
***These values indicate the ratio of free peptide generation at each time point to at O hr during incubation in 5 mM GSH solution at 37°C
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Table 4. S7Cu-SSTMAR42JB AT D A IZE T HERD

compound 2 compound 3 compound 4
%dose / g
1hr 24 hr 48 hr 1hr 24 hr 48 hr 1hr 24 hr 48 hr
tumor 262 1.75 1.80 3.67 311 1.77 259 240 1.96
blood 191 132 096 1.65 1.38 0.76 1.80 1.26 1.45
intestine 963 312 2.24 6.00 260 1.58 7.78 3.00 2.12
liver 30.3 156 127 23.1 133 7.52 345 1786 121
kidney 844 494 4726 8.54 562 3.51 10.3 580 523

* These values are expressed as percent injected dose per gram tissue (%dose/g, mean of n=3-5).
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