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Abstract
Results

Purpose: The research aims to enhance HCP quantitation in biotherapeutics using an . .
improved MS workflow with protein A depletion and Thermo Scientific™ HeavyPeptide™ Linearity and LLOQ

AQUA standards Comparison of various sample preparation techniques for HCP analysis T o _ HCP quantification of CHO HCPs in affinity-purified trastuzumab HCP analysis of NISTmADb using protein A-depleted EasyPep vs native digestion
- o assess the suitability of HeavyPeptide™ AQUA standards for targeted HCP i A ts the B Peak Ch ‘ BPC fles for NISTmAD iniect
o _ _ _ » _ o quantitation, we first performed PRM analysis for peptide quantitation by evaluating We employed the PRM method to quantify 28 key HCPs in four distinct affinity- \gure oA presents the base ed romatogram ( ) profiles or MAD TNIECLons,
Methods: Samples of rituximab and trastuzumab were prepared using the protein A- We began with 1 mg of trastuzumab that had been purified using an affinity the linearity, range, and LLOQ. Figure 3A displays a sample chromatogram in PRM purified trastuzumab samples, each prepared using a different technique (see Figure comparing the protein A-depleted EasyPep method (upper panel) with the native digestion
depleted Thermo Scientific™ EasyPep™ method and native digestion, followed by LC- column. For antibody depletion, we utilized Pierce high-capacity protein A mode for a mixture of 65 heavy peptides. We analyzed the range and linearity for 1). To aid this analysis, we added 1 uL of heavy peptides (200 fmol) to each 0.5 g of method (lower panel). In this study, the protein A-depleted EasyPep method demonsirated
MS/MS analysis to quantify 28 high-risk HCPs. MagBeads prior to perl.’ormlr?g thfa EasyPep pllgest (Flg_ure 1B). Th_IS method was each heavy peptide by preparing six-point dilutions at concentrations ranging from digested trastuzumab sample, prepared using various methods (Figure 1). For the superior performapce, lldentllfymg a total. of 807 HCPs in the NISTmAb samples. I.n
_ S compared against native digestion both with and without protein A depletion 0.03 fmol to 200 fmol. Linearity was defined as the concentration range for each quantification of endogenous light peptides, we utilized a standard curve created by contrast, the native digestion method identified only 235 HCPs (Figure SB). This
Results: The protein A-depleted EasyPep method identified significantly more HCPs (Figures 1A and 1C). peptide that produced a linear fit with an R? value of at least 0.95. The LLOQ was serially diluting the heavy peptides (see Figure 3C). Our results indicated that the significant difference highlights the enhanced capability of the protein A-depleted EasyPep
than native digestion, demonstrating superior performance in HCP detection and _ _ _ identified as the lowest concentration that met the linearity acceptance criteria. protein A-depleted EasyPep digest sample had the highest quantification value method in detecting a broader range Of.HCPS' O\'/eralll, the protein A depletion process
quantitation. Figure 2A illustrates the Base Peak Chromatogram (BPC) profiles for three Figures 3B and 3C show the representative PRM peak area of a peptide in Skyline among the three different preparation methods (Figure 4A). This suggests that the proves to be more effective in improving HCP identification compared to the native
trastuzumab samples prepared using different methods. The chromatograms in the and the linearity plot for selected peptides. The linearity R2 value and LLOQ for the protein A-depleted EasyPep method provides a more precise quantification of target digestion approach.
Introduction upper, middle, and lower panels represent the native digest, protein A-depleted entire heavy peptide panel are presented in Figures 3D and 3E, demonstrating HCPs compared to other preparation techniques. Figure 4B illustrates the Figure 5. Enhanced HCP Identification in NISTmAb Using Protein A-Depleted
EasyPep digest, and protein A-depleted native digest samples, respectively. For excellent linearity and a 0.03 fmol LLOQ for the majority of heavy peptides. quantification of endogenous HCPs for all 65 peptides in the post-affinity purified EasyPep Method Compared to Native Digestion. (A) Base Peak Chromatogram
Host cell proteins (HCPs) are a complex array of impurities found in biotherapeutics that each analysis, 4 pL (0.5 pg) of the digested sample was injected onto the column. . . e . . trastuzumab. (BPC) profiles for NISTmADb injections, comparing the protein A-depleted EasyPep
can compromise the safety of biologic drug products. Monitoring and controlling these Data analysis indicated that the protein A-depleted EasyPep digest sample (Figure Figure 3: Evaluation of PRM Method for Quantification of Heavy Peptides. method (upper panel) with the native digestion method (lower panel).
contaminant proteins during biologics production is crucial. While ELISA is the 2B) identified the highest number of HCPs, with 1575 HCPs detected. This was (A) Sample chrc_)matogram in PRM mode fc_)r a_mlxtur:e of 65 heavy peptides, Figure 4: Quantification of HCPs in affinity-purified trastuzumab samples using (B) Comparison of HCP identification in NISTmAb samples
established method for detecting HCPs, its effectiveness depends on antibody affinity, significantly higher compared to the native digest sample, which identified 859 (B) Representative PRM peak area of a peptide in Skyline. _ PRM Method. (A) Quantification values of an HCP peptide (YITLIYTK) in affinity-
potentially missing non-immunogenic HCPs and only providing collective identification. In HCPs, and the protein A-depleted native digest sample, which identified 563 HCPs. (C) Linearity plot for selected peptides, showing the concentration range and purified trastuzumab samples prepared using 3 different methods. AT
contrast, LC-MS/MS can identify and quantify individual HCPs, offering a significant Our findings suggest that both protein A depletion and semi-tryptic elution from the linear fit with an R* value, (D) Linearity R* values for the entire heavy peptide (B) Quantification of endogenous HCPs for all 65 peptides in post-affinity W |
advantage as an orthogonal method. beads are effective in minimizing dynamic range differences and enhancing the panel. (E) LLOQ for the entire heavy peptide panel. purified trastuzumab samples, highlighting the differences in HCP levels across ]
recovery of HCPs from the beads, thus improving HCP identification. Moreover, the A o 2T the various sample preparation techniques. & ol s
We have developed an enhanced EasyPep sample preparation method that incorporates protein A-depleted EasyPep digest sample yielded the highest number of unique o0 o A % i o 2 2 , il
protein A-based depletion and heavy-labeled peptide standards for HCP detection and HCPs among the three sample preparation methods. e LA j ¥ [T . QIR EEEEm
quantitation. A key challenge with this method is the potential loss of low abundant HCPs e » 1 |
during depletion due to non-specific interactions with the biologic drug or the depletion Figure 2. HCP results of trastuzumab prepared using three different sample 0] I i T 2 1 "
resin. To mitigate this issue, we developed a "trypsin elution" protocol, which uses trypsin prep methods. A. BPC profiles of three samples, B. The number of HCPs " N U O T s Pl e e
to partially digest and recover HCPs from the depleted sample. Additionally, we have identified from three different methods. 20] so00 | : £
created a targeted MS assay to monitor 28 critical HCPs' from CHO cell lines, optimizing e " s faon ‘hmst ul m VRN .L o ;88;5:]123;;38 o s Pl T I IO o
the MS platform's acquisition efficiency. This novel approach enables effective monitoring A ™ 5250 o s e e e e s e s e JEEE T W EEE o NV B CRE K KU VUL W U G LIl VWA Weilie S AT
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We used 1 mg of downstream process intermediate or UF/DF, equivalent to the drug § . i o] P . ° ' : Nativedigest  Protein A depleted
substance. We employed Thermo Scientific™ Pierce™ high-capacity protein A MagBeads < 2 3064 6600 1966 anzs 6758 913 e ; "1 AL\ o I $0 EasyPep digest
for antibody depletion before the EasyPep digest and compared it with native digestion Bk e 12ssp 1274 j13m . | e B RN A N | NE ; o ]
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Figure 1. Sample preparation workflows Protein A-depleted Native digest : T i * The protein A-depleted EasyPep method identified more unique HCPs in both
on- denatl:"ng Fgreseaniiiigaton ToRAnR o e 2 s _.,.y';"i;66x+6.9015 5 . T e m.: £ : z ;: ac::a : i :: ; :: E:L :“ i :: ?:: ii iijmii ifjni : iﬁ aii ijsii %Kgii iii if trastuzumab and rituximab samples compared to native digestion methods.
A. Native Digest Y/ iy ; ‘ . ;: _E 4& o 165.93 %D . . R?=0.9994 ; ; . Ly 0R968§x9;§97853
HCPs 1t 2] ot 5932 1655]1 z . o -~ g ] . HCP quantification of CHO HCPs in rituximab (DS) = The protein A-depleted EasyPep method significantly outperforms native digestion in HCP
: o bt kD55 8 e o e ven L8 S, e 5, " identification, detecting 807 HCPs in NISTmAb compared to 235 HCPs with the native
N— . E {Supernatant e fine b inearity (%% We began with 1.3 mg of post-ultrafiltration and diafiltration (UF/DF) rituximab, method.
EasyPepdigest ¢ Beads—» Tryptic BN | equivalent to the final drug substance (DS). Digest samples were prepared to compare _ _ _ _
Protein A affinity W g B 1800 . the protein A-depleted EasyPep method with a native digest method. Our analysis * The linearity and LLOQ assessments of heavy peptides using the PRM method
to remove antibody Clean-up 1600 1575 o showed that the protein A-depleted EasyPep method identified 13 unique HCPs, demonstrated excellent linearity and a 0.03 fmol LLOQ for the maijority of peptides
C. Protein A depleted \}(/_. BN T o whereas the native digest method identified only 3, indicating the effectiveness of
Native digest " &= 1400 5 0 protein A depletion in enhancing HCP identification (Table 1).
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