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Abstract ID n. 90 

Freeze-dried kit formulation of
177Lu- and 90Y-labeled 

immunoconjugates of Trastuzumab –
formulation and characterization

Introduction
Trastuzumab is a humanized IgG1 monoclonal antibody for treatment of HER2 positive breast cancer. Due to the significant
potency in various malignancies and easy detection of radioactivity with outside scintigraphy, radioimmunoconjugates have
become a part of many clinical trials.
The aim of this study is to formulate a stable freeze-dried trastuzumab-immunoconjugates with bifunctional chelators
(BFCAs): p-SCN-Bn-DTPA, p-SCN-Bn-DOTA, p- SCN-Bn-1B4M-DTPA, to evaluate and provide valuable molecular structure
information including verification of changes after antibody manipulation and exposure to stress conditions during the
processes of conjugation, freeze-drying and labeling with non-radioactive LuCl3 and YCl3 and radioactive 177LuCl3 and 90YCl3.
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Fig. 1. Chemical structure of the bifunctional chelators employed in this study 

 

Experimental 

Conjugation of trastuzumab with BFCA 

The antibody trastuzumab (Tr) was obtained as the main component of the commercial product 

Herceptin® (Hoffmann-La Roche, Basel, Switzerland) and was purified using an Amicon® Ultra-4 

centrifugal filter (30 kDa) (Sigma Aldrich, Missouri, USA) and then conjugated to the appropriate 

BFCs in 1:20 molar ratio (Mab:BFC). Briefly, a calculated volume of a solution (10 mg/mL) of the 

appropriate BFCs in 0.1M PBS (pH = 8) was added to the antibody and the mixture was incubated 

for 18 hours at 4 ºC with gentle shaking. After purification of the resulting immunoconjugates by 

ultrafiltration (Amicon® Ultra-4, 30 kDa) followed by rinsing with 0.05 M ammonium acetate (pH 

= 7), the concentration of the final solution was adjusted to 1.0 mg/mL. 

 

Production of freeze-dried kits 

Using a modified protocol previously described by Ackova et al. [27], the solutions of the 

immunoconjugates containing 1% mannitol as cryoprotectant and bulking agent (50 µL in each 
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INTRODUCTION
Trastuzumab is a humanized IgG1 monoclonal antibody for treatment of HER2 positive breast cancer. Due to the significant potency in various
malignancies and easy detection of radioactivity with outside scintigraphy, radioimmunoconjugates have become a part of many clinical trials. The aim of
this study is to formulate a stable lyophilized trastuzumab-immunoconjugates with bifunctional chelators (BFCAs): p-SCN-Bn-DTPA, p-SCN-Bn-DOTA, p-
SCN-Bn-1B4M-DTPA and in vitro examinations by reducing sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE), attenuated total
reflectance-infrared (ATR-IR) and Raman spectroscopy. These techniques provide valuable molecular structure information and are convenient for
verification of changes in the secondary structure after antibody manipulation and exposure to stress conditions during the processes of conjugation,
lyophilization and labeling.

MATERIAL AND METHODS

IR physical mixture and 
inclusion complex.

RESULTS

Fig. 4 Raman spectra

Fig. 1 Reducing SDS-PAGE of: 
Trastuzumab (Tr) 1 mg/ml (1);
DTPA-Tr (1:20) (2); 
DOTA-Tr (1:20) (3); 
1B4M-DTPA-Tr (1:20) (4). 

Fig. 2 Reducing SDS-PAGE of:
Y-DTPA-Trastuzumab (1:20) (1); 
Lu-DTPA-Trastuzumab (1:20) (2);
Y-DOTA-Trastuzumab (1:20) (3); 
Lu-DOTA-Trastuzumab (1:20) (4);
Y-1B4M-DTPA-Trastuzumab (1:20) (5); 
Lu-1B4M-DTPA-Trastuzumab (1:20) (6).

CONCLUSION
The promising results from electrophoresis and 

vibrational spectroscopy are good basis for further 
radiolabeling of immunoconjugates with 177Lu and 90Y 
for treatment and imaging of HER2 positive lesions. 

Fig. 3 IR spectra

Characteristic Raman bands
S-S Tyr Trp Phe Indol ring Amid band I Amide band III

400-700 cm-1 647cm-1, 760-790 cm-1 757 cm-1, 878 cm-1, 1337 cm-1 1004-1060 cm-1, 1610 cm-1 1560 cm-1 1668-1688 cm-1 1235-1260 cm-1

Characteristic IR bands
Amide band I Amide band II Amide band III Amide band IV and V Amid band VI

1640-1645 cm-1 1480-1575 cm-1 1233-1300 cm-1 620-810 cm-1 500-595 cm-1

Table. 1 Characetristic Raman andIR bands
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INTRODUCTION
As powerful and non-destructive techniques, Attenuated total reflectance-infrared (ATR-IR) and Raman spectroscopy provide valuable
molecular structure information and are convenient for verification of any changes in the native state of proteins. The purpose of this
experimental work is to determine the secondary structure of trastuzumab after conjugation with (p-SCN-Bn-1B4M-DTPA (2-(4-
isothiocyanatobenzyl)-6-methyl-diethylene-triaminepentaacetic acid) and p-SCN-Bn-DTPA (2-(4-izothiocyanatobenzyl)-
diethylenetriaminepentaacetic acid)) by applying of these two techniques.

MATERIAL AND METHODS

IR physical mixture and 
inclusion complex.

RESULTS

Fig. 3 IR spectra

CONCLUSION

No integrity changes, physicochemical and structural modifications of trastuzumab after conjugation approve retained β-sheet structure of the 
antibody and support the opportunity for further development of radioimmunotherapeutics and diagnostic products active against HER2 

positive breast tumors. 
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The 10- and 50-fold molar excess of chelators
were conjugated with pure trastuzumab and
freeze dried to solid state. Vibrational
spectroscopy (Raman and ATR-IR) was
applied for further physico-chemical
examinations of lyophilized non-labeled
samples by directly applying under the laser
beam of the instrument. The spectra of
conjugated samples were compared with
naked trastuzumab purified from commercial
product Herceptin®.
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Reducing SDS-PAGE of: 
Trastuzumab (Tr) 1 mg/ml (1); 
DTPA-Tr (1:20) (2);
DOTA-Tr (1:20) (3); 
1B4M-DTPA-Tr (1:20) (4)

Reducing SDS-PAGE of: 
Y-DTPA-Trastuzumab (1:20) (1); 
Lu-DTPA-Trastuzumab (1:20) (2); 
Y-DOTA-Trastuzumab (1:20) (3);
Lu-DOTA-Trastuzumab (1:20) (4); 
Y-1B4M-DTPA-Trastuzumab (1:20) (5); 
Lu-1B4M-DTPA-Trastuzumab (1:20) (6). 

Conclusion

Our study shows successful formulation of stable radioimmunoconjugates which makes

this proposed freeze-dried kit as potential radiopharmaceutical in vivo investigations.

Results


