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DAR Analysis of Antibody-Drug Conjugate
by Hydrophobic Interaction Chromatography

The antibody drug market has continued to expand in
recent years, and antibody drugs held 6 of the top 10
blockbuster drug spots for 2015. The most promising
antibody drug candidates for next-generation biophar-
maceuticals are ADCs (antibody-drug conjugates). ADCs
have a structure in which a cytotoxic drug is chemically
bonded to an antibody (IgG).

Because there are numerous binding sites for a low-
molecular weight drug on an antibody (Cys, Lys residues,
etc.), heterogeneity arises with respect to the number of
bonds and binding sites. It is necessary to study in detail
the effect that this heterogeneity has on the medicinal
effects and safety of ADCs.

Since low-molecular drugs are more hydrophobic than
monoclonal antibodies, differences in hydrophobicity
arise when the number of bonded drug molecules differ.
This property can be utilized to determine the drug-
to-antibody ratio (DAR) by hydrophobic interaction
chromatography (HIC).

In this application note an ADC was analyzed using a
TSKgel Butyl-NPR column.

ANALYSIS OF UNCONJUGATED TRASTUZUMAB AND DRUG
CONJUGATED TRASTUZUMAB
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Column: TSKgel Butyl-NPR, 4.6 mm I.D. x 10 cm L (P/N 0042168)
Eluent: A) 25 mmol/L phosphate buffer (pH 7.0) including

1.5 mol/L ammonium sulfate
B) 25 mmol/L phosphate buffer (pH 7.0)/2-propanol =8/ 2
Gradient: 0to 100 % B (20 minutes)
Flow rate: 0.5 mL/min
Detection: UV @ 280 nm
Injection vol.: 10 pL
Sample Conc.: Trastuzumab, 0.24 g/L,
ADC (Trastuzumab-veMMAE), 2.2 g/L

TSKgel Butyl-NPR, the least hydrophobic of the TSKgel
HIC columns, is the best choice for high speed separa-
tions with excellent recovery, even for more hydrophobic
samples. The ultra-efficient 2.5 micron non-porous
particles allow for fast and highly efficient separations.
Thus, TSKgel Butyl-NPR columns (4.6 mm ID x 3.5 cm
and 10 cm) are ideal for time critical QC analysis or
sample-limited applications.

An ADC (Trastuzumab-vcMMAE) in which an antineo-
plastic drug (monomethyl auristatin E, MMAE) is bonded
via a linker to Trastuzumab was used. First results using
common ammonium sulfate gradient elution condi-
tions showed that the ADC could not be suitably eluted.
Hence, an organic solvent (2-propanol) was added to
eluent B, and by optimizing the organic solvent concen-
tration, peaks exhibiting different DARs (DAR = 0 to 8)
could be well separated (to confirm the DAR, each peak
was fractionated and attributed by LC-MS/MS).

RESULTS

Both unconjugated monoclonal antibody (Trastuzumab)
and drug conjugated Trastuzumab (Trastuzumab-
vcMMAE) samples were analyzed with a TSKgel
Butyl-NPR, 2.5 pm, 4.6 mm ID x 10 cm column. The
unconjugated Trastuzumab sample was eluted as a
major single peak at approximately 9.5 minutes (Fig.1,
upper panel). The chromatogram of the drug conjugated
Trastuzumab exhibited well resolved peaks with different
retention times than that of the unconjugated antibody
(Fig 1, lower panel). These well resolved peaks represent
different drug-to-antibody ratios (DAR) ranging in DAR
from 0 to 8. The lower drug-loaded, less hydrophobic
peaks elute first and the higher drug-loaded peaks elute
later. The observed baseline separation of the DAR peaks
allows a further reduction of analysis time by optimiza-
tion of gradient and flow rate.

CONCLUSION

Unconjugated and drug conjugated Trastuzumab
samples were successfully separated using a TSKgel
Butyl-NPR column. The baseline separation enabled an
easy integration and quantification of different drug pay
loads in ADC characterization. With 2.5 pym particles and
4.6 mm ID x 3.5 cm and 10 cm lengths, TSKgel Butyl-NPR
columns can be used with both conventional HPLC and
UHPLC systems.

TOSOH BIOSCIENCE GMBH IM LEUSCHNERPARK 4 64347 GRIESHEIM (DARMSTADT) GERMANY TEL: +49 6155-7043700 FAX: +49 6155-8357900 SALES-MARKETING.TBG@TOSOH.COM

WWW.TOSOHBIOSCIENCE.DE  WWW.TSKGEL.COM WWW.TOYOPEARL.COM WWW.TOYOSCREEN.COM WWW.ECOSEC.EU A16L11A


mailto:sales-marketing.tbg%40tosoh.com?subject=Information%20on%20TSKgel%20NH2-100%20DC
http://www.tskgel.com

