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Comparison of linker length in compounds for nuclear medicine
targeting Fibroblast activation protein as molecular target†
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Novel nuclear medicine therapeutics are being de-
veloped by labeling medium-molecular-weight com-
pounds with short-lived alpha-emitting radionuclides.
Fibroblast activation protein α (FAPα) is recognized
as a highly useful molecular target, and its inhibitor,
FAPI, is a compound capable of theranostics, both
therapeutic and diagnostic, for cancer treatment. In
this study, we compared the functions of two com-
pounds that target FAPα: 211At-FAPI1 (FAPI1) and
211At-FAPI2 (FAPI2). First, in vitro screening pro-
cedures are generally accepted because of the low en-
dogenous expression of FAPα. We suggest the use-
fulness of this 3D culture system for in vitro screen-
ing. Second, when FAPIs are used therapeutically,
the expected therapeutic effects are often not achieved.
Thus, we compared the accumulation and excretion in
tumor tissues and the antitumor effects based on the
length of the linker in the compounds. The compounds
were rapidly labeled using the Shirakami reaction.
Figure 2 compares monolayer (2D) and sphere (3D)

cultures, confirming that 3D culture increased FAPα
expression and uptake. Similar trends were observed in
the two cell lines, but the selectivity of the compounds
varied by cell line. This is because in PANC-1 cells,
FAPI1 uptake increased around 10-fold and FAPI2 up-
take increased around 15-fold, whereas in BxPC3 cells,
FAPI1 uptake was 10-fold higher than that in PANC-1
cells, but FAPI2 uptake was around three-fold higher.
The difference between 3D and 2D cultures has differ-
ent values depending on the state (size) of the sphere
in 3D culture, but the uptake is significantly higher
than that in 2D culture.

Fig. 1. Structures of 211At-FAPI1 and 211At-FAPI2. The

only difference between these compounds was the length

of the linker. In FAPI2, the number of PEG molecules

was twice that in FAPI1. These were rapidly labeled

using the Shirakami reaction1) based on previously re-

ported precursors2) using 211At produced based on pre-

vious reports.3)
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Fig. 2. Comparison of intracellular uptake between 2D and

3D cultures of (A) PANC-1 and (B) BxPC3 cells. The

cells were then treated with FAPI1 or FAPI2. Gray

histograms: FAPI1 uptake, a white histograms: FAPI2

uptake.

Fig. 3. %ID/g in tumor in vivo. FAPI1 and FAPI2 were

administered to the BxPC3 tumor model and dissected

3 or 24 hours after administration. No significant dif-

ferences were there.

Fig. 4. Amount of excretion in vivo. FAPI1 and FAPI2

were administered to the BxPC3 tumor model and dis-

sected 3 or 24 hours after administration. (A) % ID

in urine. (B) % ID in feces. There were significant

differences between FAPI1 and FAPI2. ∗∗p < 0.01,
∗∗∗p < 0.001.

Doubling the linker length increased tumor reten-
tion (Fig. 3). Additionally, the excretion pathway was
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altered, suggesting a potential reduction in toxicity
(Fig. 4). Although no significant differences were ob-
served in the anti-tumor effects of FAPI1 and FAPI2,
it was confirmed that the linker length affects the bio-
logical half-life.

References
1) Y. Shirakami et al., Sci. Rep. 11, 12982 (2021).
2) A. Aso et al., Int. J. Mol. Sci. 24, 8701 (2023).
3) Y. Wang et al., RIKEN Accel. Prog. Rep. 53, 192

(2019).

2

III-3. Radiochemistry & Nuclear Chemistry RIKEN Accel. Prog. Rep. 58 (2025)

- 193 -




