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Abstract—The objective of this work was to study the charge 

variant profile of some monoclonal antibodies (mAbs) conjugated 
to maytansine derivative (mAb-1) or tomaymycin molecules 
(mAb-2 and mAb-3) via non-cleavable linkers. The imaging 
capillary isoelectric focusing method (icIEF) was emolpyed for this 
purpose. Initially, the charge variant profiles were determined for 
the three naked mAbs. The analysis revealed that these mAbs 
exhibited major species as well as minor species. Specifically, 
mAb-1 and mAb-2 displayed two charge species (pI values: 9.00 
and 8.95). In the case of mAb-3, a main charge variant (pI values: 
8.50) along with two minor charge species (pI values: 8.30 and 
8.60) were observed. The investigated non-cleavable conjugates 
were less homogen and less basic than corresponding naked 
antibodies. pI values ranged from 7.4 to 8.9 for the non-cleavable 
mAb-1 maytansinoid conjugates (∆pI: 1.4), from 8.2 to 8.9 (∆pI: 
0.7) for the non-cleavable mAb-2 tomaymycin conjugates, and 7.4 
to 8.4 (∆pI: 1) for the mAb-3 conjugates. The icIEF profiles of  both 
naked mAbs and ADCs showed good intra-day and inter-day 
repeatability. 

Index Terms— Antibodies, Conjugates, icIEF, Charge, Variant.  

I. INTRODUCTION 
Antibody-drug conjugates (ADCs) are an important targeted 
therapies for cancer treatment (Dumontet et al., 2023). 
Ozogamicin was the first approved ADC by the Food and Drug 
Administration (FDA) in 2000 for acute myeloid leukemia 
(AML) treatment (Gottardi et al., 2020).  Since then, the ADC 
landscape has expanded rapidly, with 14 ADCs currently 
approved and over 100 ADCs in clinical trials for cancer 
treatment (Yang et al., 2023). 
ADCs harness the specificity of antibodies to target  specific 
antigens expressed on the surface of cancer cells, while also 
delivering potent cytotoxic molecules to selectively eradicate 
cancer cells (Khongorzul et al., 2020). These cytotoxic 
molecules are covalently linked to mAbs through cleavable and 
non-cleavable chemical linkers (Baah et al., 2021, Yang et al., 
2023, Su et al., 2021, Fu et al., 2022). Cleavable linkers release 
cytotoxic drugs in response to specific stimuli, such as 
enzymatic activity or changes in pH, within the tumor 
microenvironment (Baah et al., 2021,Yang et al., 2023, Su et 
al., 2021, Fu et al., 2022). On the other hand, release of 
cytotoxic drugs requires complete enzymatic degradation of 
non-cleavable conjugates (Baah et al., 2021,Yang et al., 2023, 
Su et al., 2021, Fu et al., 2022). Compared with cleavable 
linkers, non-cleavable linkers have several advantages, 
including a longer plasma half-life and decreased toxicity to 

normal cells (Baah et al., 2021,Yang et al., 2023, Su et al., 2021, 
Fu et al., 2022). 
The drug molecules are often conjugared to mAbs through 
cysteine (Cys) and lysine (Lys) residues (Khongorzul et al., 
2020). The resulting mixture contains multiple species that 
differ in the number of conjugated drugs (drug-to-antibody 
ratio, DAR) and the conjugation sites (Baah et al., 2021,Yang 
et al., 2023, Su et al., 2021, Fu et al., 2022).  
The complexity of conjugated antibodies requires the use of 
analytical methods that enable to determine their characteristics 
and thus allow monitoring the occurrence of any change in their 
properties (Wagh et al., 2018). Charge variant characterization 
plays a key role in ensuring ADC quality (Zhang et al., 2019). 
Charge variant profiles serve as fingerprints to assess batch 
consistency and stability of ADCs. Ion exchange 
chromatography (Zhang et al., 2019, Matsuda  et al., 2020, 
Baek et al. 2020, Fekete et al. 2015] and capillary isoelectric 
focusing (cIEF) (Gahoual et al. 2016, Chen  et al., 2016, Wu et 
al., 2022, Wu et al., 2021) are among the established methods 
used to monitor ADC charge variant profiles. Both techniques 
separate proteins based on the differences of isoelectric point 
(pI).  
Imaged cIEF (icIEF) stands out for its high reliability, 
sensitivity, resolution, and reproducibility in protein pI 
determination and quantification (Wagh et al., 2018, Wu et al., 
2022). Additionally, icIEF enables real-time monitoring of 
charge variant separation  (Wagh et al., 2018, Wu et al., 2022). 
Maytansine derivatives and tomaymycin, potent cytotoxic 
molecules, are frequently employed in ADC development. 
Maytansine derivatives inhibit tubulin polymerization in cancer 
cells, disrupting cell division (Cao et al., 2020). Tomaymycin, 
an anti-cancer antibiotic produced by Streptomyces 
achromogenes, exhibits potent antitumor activity (Tozuka et al., 
1983). 
The aim of this work was to study the charge variant profiles of 
maytansine derivative and tomaymycin conjugated to mAbs 
through a non-cleavable linker. For this purpose, the icIEF 
method developed in a previous study was used (Abbood, 
2023). 

II. MATERIALS AND METHODS  
Chemical test and electrolyte solution Kits for ICE280 were 
sourced from Convergent Bioscience. 1% and 0.5% 
methylcellulose and pI markers (6.61, 7.05, 8.18 and 9.5) were 
purchased from Convergent Bioscience. Pharmalyte solutions 
of pH range (3-10 and 8-10.5) were obtained from GE 

Characterization of Charge Variant Profile of 
Non-Cleavable Conjugated Antibodies  

Ayat Abbood 1*, Dima Aldiab* 2, Nasser Thalaj3 
1 Department of medicinal chemistry and quality control, University of Tishreen, Lattaquia, Syria  

2 Department of analytical chemistry and food control, University of Tishreen, Lattaquia, Syria 
3 Department of medicinal chemistry and quality control, University of AL-Rachid, Damascus, 

*Correspondence: Department of medicinal chemistry and quality control, University of Tishreen, Lattaquia, Syria, 



268                                                                5th International Conference on Biomedical and Health Sciences, (CIC-BIOHS’2024) 

DOI: http://doi.org/10.24086/biohs2024/paper.1348 

Healthcare. Urea, sucrose, histidine, and phosphoric acid were 
procured from Sigma. 

A. mAbs and ADCs 
In this study, three mAbs were analyzed: mAb-1 and mAb-2 
(anti-EphA2) and mAb-3 (anti-CD19),. The solutions of these 
mAbs were prepared in a phosphate buffer with pH 6.5 at a n 
approximate concentration of 10 mg/mL. 
The mAb-1 was conjugated to maytansinoid molecules, while 
mAb-2 and mAb-3 were conjugated to tomaymycin molecules. 
The cytotoxic molecules were attached to the three mAbs via a 
non-cleavable linker. To formulate these ADCs at a 
concentration of 2mg/mL, a buffer consisting of 10mM 
histidine, 10% sucrose, and N-methyl-2-pyrrolidone (NMP) at 
pH of 6.5 was used.   

B. Sample Preparation 
A solution comcposed 0.35% methylcellulose, 4% pharmalytes 
(3–10) and pharmalytes (8–10.5) in a 1:1 ratio, 2M urea and pI 
markers (6.61, 8.81, 7.05, and 9.5  was used to prepare the 
mAbs and ADCs samples at the desired final concentration. 
Samples were centrifuged at 6000 rpm for 3 minutes. The 
clarified samples were then transferred to glass autosampler 
vials and centrifuged again to eliminate any air bubbles. Finally, 
the prepared samples were placed in the autosampler carousel 
for subsequent analysis.  

C. icIEF Instrument 
icIEF analyses were conducted using an iCE280 instrument, 
which was equipped with a PrinCE autosampler from 
Convergent Bioscience. The capillary column used in the 
analysis was 50mm long, with an inner diameter (ID) of 100µm 
and an outer diameter (OD) of 200µm. During the analysis of 
both ADCs and mAbs, a cathodic solution containing 100mM 
NaOH and 0.1% methylcellulose, as well as an anodic solution 
consisting of 80mM H3PO4 and 0.1% methylcellulose, were 
employed. The focusing time was either 7 or 10minutes at a 
voltage of 3000V. Detection of the focused proteins was 
accomplished by a CCD camera operating at a wavelength of 
280nm.  

III. RESULTS AND DISCUSSION 
Charge variants contribute to the heterogeneity often observed 
in the production of therapeutic mAbs and ADCs (Baah et al., 
2021,Yang et al., 2023, Su et al., 2021, Fu et al., 2022). The 
charge heterogeneity can result from some chemical changes 
that take place during cell culture, purification, and formulation. 
Characterizing the charge variant profile of therapeutic mAbs 
and ADCs is important to ensure their quality and thus their 
efficacy. This study initially focused on characterizing the 
charge variant profile of naked mAbs. Then, the charge variant 
profiles of ADCs were determined.  

A. Unconjugated mAbs 
The charge variant profile of three mAbs were characterized: 
mAb-1 and mAb-2, antibodies targeting the CD19 cell surface 
antigen, and mAb-3, antibody specifically designed to 
recognize and bind to EphA2. icIEF method was used to study 
the charge heterogeneity profiles of these mAbs and the finding 

are presented in Figure 1. Notably, mAb-1 and mAb-2 exhibited 
greater charge heterogeneity and displayed a more basic nature 
compared to mAb-3.  

 

 

 
Figure 1. Charge variant profile of naked mAbs, icIEF conditions: 

concentration of naked mAbs: 0.2mg/ml diluted in 0.35% methyl cellulose, 
4% 3–10 pharmalytes/ 8– 10.5 pharmalytes (1:1 ratio), 2M urea. pI markers: 

6.61, 8.18, 9.50. Focusing time: 10min at 3000V. 
 
A charge variant profile of mAb typically consists of major 
species accompanied by minor species that are either more 
acidic or more basic than the major species (Goyon et al., 2017, 
Wagner-Rousset et al., 2017). Figure 2 further illustrates the 
area percent of charge variants for the three mAbs. 
mAb-1 exhibited two charge species (pI values and area 
percent: 9.00 (64%) and 8.95 (36%). The ΔpI was equal to 0.1. 
mAb-2 had three charge variants (ΔpI: 0.3). The pI values of 
the two major peaks were 9.00 (60%) and 8.95 (30%). These 
results align with previous findings on the charge variant profile 
characterization of therapeutic mAbs (Cai et al. 2011, Spanov 
et al. 2022, Beck  et al. 2022, and Abbood 2023). The presence 
of the more acidic charge specie in both mAb-1 and mAb-2 (pI 
8.95) compared to the main charge specie (pI 9.00) may be 
attributed to the deamidation of one or two asparagine (Asn) 
residues, resulting in a shift in the pI value (Spanov et al., 2017, 
Beck et al., 2022). 
Regarding mAb-3, three charge species were observed (ΔpI: 
0.3), of which the main peak had a pI value of 8.5 (85%) and 
two secondary peaks had pI values of 8.3 (13%) and 8.6 (7%). 
The specie with a high pI value (more acidic: pI 8.3) may be 
due to deamidation of the main specie (pI 8.5), while those with 
a lower pI value (more basic: pI 8.6) may be due to the presence 
of a C-terminal Lys, as suggested by several studies indicating 
that the presence of a C-terminal lysine is a key factor in the 
origin of basic species (Beck et al., 2022, Cai et al., 2011). 
Intra- and inter-day repeatability studies of icIEF mAbs profile 
showed good repeatability of pI values (RSD% values less than 
0.26%) and area percent (RSD% values less than 8%) of the 
charge species of the studied mAbs (Table 1). 
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Figure 2. Area% of charge variant of studied unconjugated antibodies. 

 
 

TABLE 1 
 Statistical results of intra- day and inter-day repeatability of icIEF profile of 

mAbs. 

 

B. Non-cleavable ADCs 
The characterized mAbs using icIEF were conjugated through 
the amino groups of Lys residues to maytansine derivatives 
(mAb-1) and tomaymycin (mAb-2 and 3) via a cleavable linker 
(Figure 3). 

 
Figure 3. Structure of (A) non-cleavable maytansinoid ADCs (DM4-NHAc-
(PEG)4), (B) non-cleavable tomaymycin ADCs (tomaymycin-pyridine-

(PEG)4). 
 

 
Figure 4 depicts the charge variant profiles of the non-cleavable antibodies 

conjugated to maytansine and tomaymycin. The results showed that analysed 
non-cleavable conjugated antibodies were less homogeneous and less basic 

than their corresponding naked mAbs. 
 

 
Fig. 3. Analysis of (a) non-cleavable maytansinoid mAb-1 conjugate, (b, c) 

non-cleavable tomaymycin mAb-2 conjugate. Experimental icIEF conditions; 
final concentration 0.5 mg/mL in 0.35% methyl cellulose, 2% 3–10 

pharmalyte and 2% 8–10.5 pharmalyte in 1:1 ratio and 2M urea. pI markers: 
6.61, 7.05, 9.50. Focusing time 10 min at 3000 V. Detection λ: 280 nm. 
Figure 5 provides a detailed datas regarding the area percent of charge 

variants for the non-cleavable ADCs. The ΔpI was equalto 1.4 for the non-
cleavable maytansinoid mAb-1 pI ranged from 7.4 to 8.9. For the non-

cleavable tomaymycin mAb-2 and mAb-3 conjugates, the pI ranges were 8.2 
to 8.9 (ΔpI: 0.7) and 7.4 to 8.4 (ΔpI: 1), respectively. 

 
The observed decrease in charge homogeneity of the non-
cleavable conjugates, reflected by the broader ΔpI values, and 
the decrease in the specie pI values may be a result of varying 
number of drugs attached to the free amino groups of lysine 
(Lys) residues in the surface of antibodies. The non-cleavable 
mAb-1 conjugates exhibited a higher number of charge species 
(14) than the non-cleavable conjugates (8 for mAb-2 and 9 for 
mAb-3). It is worth noting that an antibody typically contains 
up to 80 lysine residues (Dennler et al. 2015). The observed 
charge variants in ADCs arose from the varying number of 
amine groups of lysine residues conjugated to the linker-drug. 
As the number of conjugated druge increses, the pI values of 
charge species decrease (more acidic). Similar findings have 
been reported for mAb conjugates (Lin et al. 2013). It is 
interesting to note that the percentage of charge species 
corresponding to the naked antibodies was low. These results 
indicated the success of conjugation process of mAbs. 
 

 

 

 
Fig. 4. % Area of major charge variant of non-cleavable conjugated antibody. 
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RSD% values were less than 0.26% for pI values and 7%  for 
area perecent of ADCs, indicating  a good intra-day and inter-
day repeatability (Table 2). 
 

TABLE 2 
 Statistical results of intra- day and inter-day repeatability of icIEF profile of 

ADCs. 

 

CONCLUSION 
The charge variant profiles of three mAbs and their non-
cleavable conjugates were determined by icIEF. A comparison 
of the charge variant profiles of the naked mAbs revealed that 
mAb-3 possessed a more acidic and homogeneous profile 
compared to mAb-1 and mAb-2. Via non-cleavable linkers, 
maytansine derivatives were conjugated to mAb-1, while 
tomaymycin molecules were conjugated to mAb-2 and mAb-3. 
The resulting non-cleavable conjugated antibodies exhibited 
increased heterogeneity and acidity compared to their 
corresponding naked mAbs. The pI and area percent values for 
both naked mAbs and ADC charge variants exhibited good 
intra- and inter-day repeatability.   
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