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comparison, the first value of serum concentration at 3 
min was set to 100%. Blood samples were taken from 
the tumor-bearing mice at intervals of 0.05 h, 0.5 h, 1 h, 
3 h, 6 h, and 24 h after injection. Serum concentrations 
of the dimeric or monomeric repebody were determined 
by measuring the radioactivity of the serum sample (100 
μL) using the gamma counter. Serum half-life of a 
monomeric and dimeric repebody was calculated with 
Origin program. For organ distribution, Major visceral 
organs, including liver, spleen, stomach, intestine, 
kidneys, heart, lung and tumor, were also collected from 
the mice for measuring the radioactivity using a gamma 
counter. The weight of the collected samples was 
measured, and the radioactivity in the samples was 
expressed as the percentage of injected radioactive dose 
per gram of tissue (% ID/g). 

 
Table I. Organ distributions of a 99mTc-labeled (a) 

monomeric and (b) dimeric repebody in H1650 tumor bearing 
mice (n = 5) 

(a) 

 
(b) 

 
 

Strong radioactivity was observed in the kidneys of 
respective mice injected with a monomeric or a dimeric 
repebody. The mice injected with a monomeric 
repebody showed a rapid decrease in the radioactivity in 
the kidneys from 6 h post-injection. Considering the 
result of the serum radioactivity at 3 h post-injection (< 
0.4% ID), a sharp decrease in the renal radioactivity at 6 
h post-injection might be due to fast renal excretion of 
the monomeric repebody before 3 h postinjection. In 
contrast, in the case of the dimeric repebody, high 
radioactivity was detected in the kidneys even at 6 h 
post-injection, suggesting a long blood circulation of a 
dimeric repebody compared to a monomeric repebody. 
The result of organ distribution also supports that the 
99mTc-repebody was excreted through the kidneys 
from the beginning of intravenous injection, and the 

dimeric repebody had a prolonged blood circulation. 
The radioactivity in the kidneys was relatively high in 
respective mice injected with a monomeric or a dimeric 

repebody over entire period of the experiment (Fig. 
4C and D), which is consistent with the result of the 
SPECT/CT imaging. 

 
 

  
 

Fig. 3. Blood circulation profile and biodistribution of the 
dimeric repebody in mice. 

 
The serum radioactivity of the mice injected with a 

monomeric repebody sharply dropped to a level of 1.43 
± 0.40% ID/g at 0.5 h post-injection. This rapid 
clearance seems to be mainly owing to fast excretion of 
the small sized repebody (31 kDa) to urine. In contrast, 
the mice injected with a dimeric repebody showed a 
much slower decrease in the serum radioactivity. At 0.5 
h post injection, serum radioactivity was estimated to be 
7.88 ± 0.56% ID/g, which corresponds to about 5.5 
times higher than the monomeric repebody, and this was 
maintained until 6 h post injection. The initial and 
terminal serum half-lives of the dimeric repebody were 
estimated to be 0.12 h and 3.2 h, respectively, showing 
longer values than the monomeric one of 0.06 h and 1.9 
h. 

 
Table II. Pharmacokinetic parameters of 99mTc-labeled 

dimeric and monomeric repebody 
 T1/2α kel T1/2β kel 

Dimer 0.12 4.07 3.2 0.15 
Monomer 0.06 8.29 1.9 0.25 

 
2.4 In vivo anti-tumor activity of the dimeric repebody 

From the improved pharmacokinetic property, the 
dimeric repebody is expected to show increased 
bioavailability and enhanced therapeutic effect. We 
examined the anti-tumor activity of the homodimeric 
repebody in xenograft mice with H1650 cells. When the 
tumor volume reached around 100mm3, the dimeric 
repebody (10 mg/kg) was intravenously injected into the 
tumor bearing mice every three days. A monomeric 
repebody (10 mg/kg) and PBS were also tested as a 
control. As a result, the dimeric repebody showed a 
much higher tumor suppression effect than the 
monomeric repebody. The dimeric repebody has an 
almost 2.5-fold higher molecular weight (78 kDa) than 
the monomeric repebody (31 kDa). It is thus noteworthy 
that even though the molar concentration of the dimeric 
repebody was about 2.7-fold lower than the monomeric 
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repebody, the dimeric repebody resulted in more than a 
2-fold higher tumor suppression effect. 

 

 
Fig. 4. Anti-tumor activity of the dimeric repebody in 

xenograft mice with H1650 cells. 
 
 

3. Conclusions 
 

We have demonstrated a simple construction of a 
homo-dimeric repebody (78 kDa) specific for human 
IL-6 using the spytag/spycatcher chemistry. The use of 
spytag and spycatcher chemistry was shown to be 
effective for constructing a homo-dimeric repebody with 
high stability and homogeneity. The blood 
concentration level of a dimeric repebody was estimated 
to be about 5-fold higher in tumor bearing mice 
compared to a monomeric repebody when injected 
intravenously, leading to a much higher tumor 
suppression effect in xenograft mice. It is interesting to 
note that the dimeric repebody exhibited a higher anti-
tumor effect in xenograft mice even at about a 2.5-fold 
lower molar concentration than a monomeric repebody. 
This can be attributed to the reduced renal clearance 
owing to an increased hydrodynamic radius and rapid 
elimination of human IL-6 through an antagonistic 
effect. Taken together, it is likely that the present 
approach can be effectively used to enhance the 
pharmacokinetic property of small-sized protein 
scaffolds, and consequently, the therapeutic efficacy. 
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