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,‘, Conformational changes and alterations of average drug-to-antibody ratio were observed among \
charge variants along with changes in the collisional cross section between mAbs and ADCs. W
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Antibody-based therapeutics have become one of the largest drug classes recently, fueled by the therapeutic efficacy of mono- / 27K 1K Acidic 2 DAR 6
clonal antibodies (mAbs) and antibody-drug conjugates (ADCs). However, mAb and ADC drug products are heterogeneous \ DA|R 8
and susceptible to formation of charge variants that may increase the rate of proteolytic degradation, alter conformation and

pharmacokinetics, or likelihood of aggregate formation®. For the first time, we present a native charge variant analysis by Micro-
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direct infusion, eliminates the need for sample clean up prior to injec- Figure 1. Native microchip CE-TIMS-MS analysis of NISTmAD in histidine buffer at pH 7. The total ion electropherogam (A) shows
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tion, and uses <2 ng sample per analysis. This platform determines separation of NISTmAD products from histidine buffer salt, and four mAb peaks: the double-lysinated NISTmADb (2K), singly lysinated _ | | | | | o S | —.——w—.——r

F 3. Nat hip CE-TIMS-MS I f model th t t -linked ADC in histidine buffer at pH 7. The total
quality attributes such as intact mass, ™SCCS._ ., and average DAR for NISTmAD (1K), fully lysine clipped NISTmAb (Main, OK) and a deamidated acidic charge variant (Acidic). The deconvoluted MS1 'gure AtVe mitrothip analysts Of MoGel INETapeUltic Cysteine-iinke ' histidine bufierat p e totation 9.0-9.2 min DAR 6
| N2’ . . . electropherogam (A) shows three peaks: the fully lysine clipped ADC (Main, OK) and two deamidated acidic charge variants (Acidic ' ' r"\_lsﬂ " \iﬁ‘b
individual charge variant species in only 10 minutes. spectra of the main peak reveals all four of the expected glycoforms for NISTmADb (B). The exctracted ion mobilograms for each peak

1 and Acidic 2). Deconvoluted MS1 spectra (B) confirms even drug loading (DAR 0, 2, 4, 6, 8). A heatmap of the ion mobilty and m/z
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four antibodies: NISTmADb, a native cysteine-linked ADC and its parent mAb, and lysine-linked ADC (Kadcyla). The developed 2K Mobility | CCS Mobility Relative
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method measures gas phase collisional cross section ("™°CCS ) for conformational state assessment of individual charge
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variants in only 10 minutes time. Our developed method enables rapid ™°CCS, , measurement for individual mAb and ADC 1K
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charge variant species to assess potential conformation changes. This method revealed significant changes in charge variant
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investigations of the impact of mAb deamidation on conformation®>.
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Scheme 1. Common causes of antibody charge variants. ?
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(C) shows a shift in the mobility of charge variant peaks which is also reflected in the calculated ™°CCS_, for each region (D). Inter-
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7 'me [","\;?] = ADC ' ' Figure 5. Native microchip CE-TIMS-MS analysis of the lysine-linked ADC, Kadcyla, in histidine buffer at pH 7. The total ion elec-

tropherogam (A) shows that charge variants, whether caused by modifications or drug conjugation events, are not fully resolved
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due to the extreme complexity of the sample. A mobility vs m/z heatmap from 8.6-8.8 minutes migration time (B) show the hetero-
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genity of overlapping charge states and overall low signal for unique DAR species due to drug product heterogenity. The charge
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deconvoluted MS1 spectra of ten 0.2 minute migration regions (C) demonstrates that as migration time increases, high DAR spe-
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cies (DAR 4-7) are predominantly observed. Considering the average DAR for each migration region reveals a very strong linear
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correlation between migration time and average DAR indicating partial separation by level of drug conjugation, though DAR spe-

TIMSCCSN2 [AZ]

Mobility, 1/Ko [V:s/cm?]

Average DAR

cies are unresolved (D). The ™SCCS, , calculated for each migration region exhibits larger standard deviations than those ob-
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Scheme 2. Model mAbs and ADCs were separated using native microchip CE conditions online with the Bruker timsTOF Pro. Separations isolat-
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ed charge variants for individual assesment of conformation by TIMS to enable charge variant specific ™SCCS_, information to be obtained. . . . 8.0 Time [min] 5400 5800 Conclusion
Methods ' The combination of microchip capillary electrophoresis and trapped ion mobility enable a rapid, informative method for native

served for the mAbs and cystine-linked ADC, potentially due to coelution of multiple charge variant species (E).
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Main (OK) 6300- monoclonal antibody and antibody-drug conjugate charge variant analysis. Our method allowed detection of significant ™SCCS,

Charge variants of a model cysteine-linked ADC, model lysine-linked ADC, and their respective parent mAbs were separated

by a ZipChip Microchip CE Device (908 Devices) coupled with a Bruker timsTOF Pro for ™SCCS_ , and intact mass measure- Main Acidic 1 Acidic 2 Main Acidic 1 Acidic 2 All Peaks

. . _ . . , _ B [ e e B 6250+ to overall drug stability. Leveraging the powerful combination of a rapid, native liquid-phase separation with TIMS, our approach
ment. Using a High Resolution Native chip and Charge Variant TOF background electrolyte, charge variants of the ADCs and _ Figure 4. Impacts of charge variant species on measured

--Average DAR
-+ Average CCS "™SCCS,, and average DAR value. Comparison of the

changes between the unmodifed main peak and deamidated peaks, and can be used to identify charge variants that pose a threat

provides a new tool for pre- and post-clinical quality control which can serve as a foundation to address the ever more complex

parent mAbs were separated with a field strength of 500 V/cm and a 10-minute total runtime. 1 nL of sample was pressure in- Acidic 1 ¢ antibodv-based th ; ' der devel t
array of antibody-based therapeutics currently under development.
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Schamps equation (Equation 1)°. Where u is the reduced mass
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of the ion, k» is Boltzmann’s constant, T is the drift region tem-

perature, z is the ionic charge, e is the charge of an electron, N,
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the buffer gas density, and K is the reduced mobility. Data analysis was performed using Compass DataAnalysis 5.3 and
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2). Where the area under the curve for all observed DAR species weighted by drug load is divided by the total unweighted area electropherogam (A) shows three mAb peaks: the fully lysine clipped mAb (Main, 0K) and two deamidated acidic charge variants ) viously determined values®. Plotting the ™SCCS _ and av-

under the curve for all DAR species. For the model cysteine-linked ADC, odd numbered drug loading was not observed and the (Acidic 1 and Acidic 2). A heatmap of mobility and m/z for the main peak shows limited dependence of mobility on charge state (B). __ erage DAR for each charge variant of the model cyste- ® :
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