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Introduction 

The monoclonal antibody (mAb) drug market has continued to expand in recent 
years, and several of the top 10 blockbuster antibody drugs currently on the 
market include antibody drug conjugates (ADCs).  Antibodies, when conjugated 
with cell-killing cytotoxic drugs, are called antibody drug conjugates. These 
drugs are designed to be used for chemotherapeutic cancer treatments. ADCs 
have a structure in which a low molecular weight cytotoxic drug is chemically 
bonded to an antibody. Because there are numerous binding sites for a low 
molecular weight drug on the 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 drugs containing ADCs. Since low molecular weight drugs are strongly 
hydrophobic, differences in hydrophobicity of antibodies arise when the bonding 
number of these types of drugs differs. This property can be utilized to determine 
the drug-to-antibody ratio (DAR) by hydrophobic interaction chromatography 
(HIC). In HIC, a weakly non-polar stationary phase is used with an aqueous 
mobile phase containing a high concentration of a chaotropic salt. The technique 
is mainly applied to the separation of biomolecules, such as proteins, which are 
eluted by gradually reducing the salt concentration.   

In this application note, an ADC was separated using a TSKgel Butyl-NPR 
column, the least hydrophobic of the TSKgel HIC columns. TSKgel HIC columns 
consist of polymethacrylate based material and a choice of three ligands (butyl, 
ether and phenyl) with varied hydrophobicities from low to high, respectively.  
TSKgel Butyl-NPR is the best choice for high speed separations with excellent 
recovery, even for more hydrophobic samples. The non-porous resin requires 
lower sample loading and leads to faster analysis time because the binding 
kinetics occur only on the bead’s surface. The ultra-efficient 2.5 micron particles 
allow for fast and highly efficient separations. Thus, the TSKgel Butyl-NPR 
columns (4.6 mm ID × 3.5 cm and 10 cm) are ideal for time critical QC analysis 
or sample-limited applications. Because of the polymethacrylate based material, 
the TSKgel Butyl-NPR columns are stable in either acid or caustic cleaning 
regimes up to 1 mol/L. 

An ADC (Trastuzumab-vcMMAE) in which an antineoplastic drug 
(monomethyl auristatin E, MMAE) bonded via a linker to Trastuzumab was 
used in this application note. Hence, an organic solvent (2-propanol) 
was added to eluent B for optimizing the elution of ADC peaks.

Experimental HPLC Conditions 

Column:  TSKgel Butyl-NPR, 2.5 µm, 4.6 mm ID × 10 cm 
Eluent:         A: 25 mmol/L sodium phosphate buffer, pH 7.0, 
       + 1.5 mol/L ammonium sulfate
   B: 25 mmol/L sodium phosphate buffer, pH 7.0, 
       + 2-propanol - (80:20)
Gradient:  0 - 100% B (0 - 20 minutes)
Flow rate:  0.5 mL/min
Detection:  UV @ 280 nm
Injection vol.:     10 µL
Samples:    Trastuzumab, 0.24 g/L
   ADC (Trastuzumab-vcMMAE), 2.2 g/L

Results and Discussions 

Both unconjugated monoclonal antibody (Trastuzumab) and drug conjugated 
Trastuzumab (Trastuzumab-vcMMAE) samples were independently injected 
onto a TSKgel Butyl-NPR, 2.5 µm, 4.6 mm ID × 10 cm column. After samples 
were injected onto the column, they were eluted with the organic solvent 
mixed in with a low concentration of sodium phosphate buffer as shown in  
the experimental conditions. 

The unconjugated Trastuzumab sample was eluted as a major single  
peak at approximately 9.5 minutes (Figure 1, upper panel). This single peak 
indicated that the unconjugated Trastuzumab consisted of mostly  
homogeneous molecules. The profile of the drug conjugated Trastuzumab  
(an ADC) exhibited well resolved peaks with different retention times than 
that of the unconjugated drug and with baseline separation (Figure 1, lower 
panel).  These well resolved peaks were suggested to have different  
drug-to-antibody ratio (DAR).  These peaks ranged in DAR from 0 to 8,  
estimated based on the mobility of the peaks. The heterogeneity of this  
sample was due to the addition of different drug loads. Consequently, this 
caused a decrease in mobility which resulted in differing elution times; the 
lower drug-loaded peaks eluted first and the higher drug-loaded peaks  
eluted later.

Column:          TSKgel Butyl-NPR, 4.6 mm ID × 10 cm
Mobile phase: 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:         0 → 100 % B  (20 minutes)
Flow rate:        0.5 mL/min
Detection:        UV @ 280 nm
Injection vol.:     10 µL
Sample Conc.:   Trastuzumab; 0.24 g/L, 　
  ADC(Trastuzumab-vcMMAE); 2.2 g/L

Column:  TSKgel G3000SWXL, 7.8 mm ID × 30 cm
Mobile phase: 0.2 mol/L phosphate buffer, pH 6.8
Gradient:  isocratic
Flow rate:  1 mL/min
Detection:  UV @ 280 nm
Injection vol:  20 µL
Sample:  papain digested mAb IgG1
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Figure 1.  Analysis of unconjugated Trastuzumab (upper panel) and drug conjugated  
 Trastuzumab (lower panel) using TSKgel Butyl-NPR column 



The ADC peak with a retention time of 9.5 minutes displayed the same  
retention time as the unconjugated Trastuzumab peak (compare Figure 1 
lower panel to upper panel). The retention time similarity of the two peaks 
indicated that it contained a group of non-conjugated Trastuzumab; therefore, 
it had the same mobility (retention time) to that of the non-conjugated  
Trastuzumab. This peak was called DAR = 0. When Trastuzumab was  
conjugated with 2 cell-killing drugs, it eluted later than the non-conjugated 
Trastuzumab and was called DAR = 2. DARs = 4, 6 and 8 peaks were labeled 
due their retention times, respectively. 

Based on the baseline resolution of these peaks, with further method  
optimization (including modification of gradients, analysis time and flow rates), 
analysis time can be significantly reduced. Indeed, the analysis time could be 
reduced by 50%.

Conclusion

Both unconjugated and drug conjugated Trastuzumab samples were  
successfully separated with baseline resolution using a TSKgel Butyl-NPR 
column. The baseline resolution enabled an easy integration and  
quantification of different drug pay loads in ADC characterization. Using a 
modified elution buffer (mixture of phosphate and organic solvent), the DAR 
peak can be easily collected for LC/MS analysis. With 2.5 µm particles and 
4.6 mm ID × 3.5 cm and 10 cm lengths, TSKgel Butyl-NPR columns can be 
used with both conventional HPLC and UHPLC systems. 
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