847 % 4 2 1) BT i 7 Vol.47 No.2
2026 4F 3 H Journal of Chinese Mass Spectrometry Society Mar. 2026

Lz S XU 22 L BB P AR BT BB R BT S0 4

R, ERFD, ke, £ 2 T
(L A 2 R A B, 20 0 I R o 4 R T A S 0 5, TR TR M 2 B3 S 2R W R 7o e O ok B b ek
TR, SR 2 S B A R A AT ST IR, LD 102629;
2. 9k B2 RE R 2 25 TR B, 10T A IR 117004)

T PriR2Y e 1 1E AR M5 (HCP) 7% B 2 B0 SC R R LU AL ER (k38 B A, 12E 1T 72 A RIS B
L, SR T A RO e . ARWFGE ST T — i 40T HCP 5% B2 rh e S8 LU B4 BRI AR A 1 0 ik, 8
S PR AR il - DU AT - AT AR5 1% (LC-QTOF MS) R 4E iy A R4 73X, X Protein A 5 AZMT 4L H 1w
RS HCP HEATARSE ] i 4, 75 3 2 LU B R RR AR I 0 25 1 SRR BR 4 B 3 o BAJS, (o VRO €00 3% - = o DU ARAT T
HE(LC-QQQ MS) B s s A A, HE 7 I TRAAF AR BE 1) 22 8 i oy Wa s s AT vk, RHAS TR TE IR A2 W PR
B ¥ 2. 54 E IR S B AR VRN D7 55 4 F 2R LD B R B A TR I o IRII), DR AR b AL R, I 7
EHATIE . AR, ATk 0y SR AR 43518 0.5, 0.1 ng/g. fefia, I kvt alidl T 20 At
vt SRR Y 4 BRI AR AR BB T o B A0 AT o 20T R T T A2 v XU 2R 1 L B
I8 A it %) S5 500 2 A3 HT o

KB : T 1 AR R (HCP) ; B IR Wefi; Ntk

FE S ES: 0657.63 XEAREE: A X E4H S 1004-2997(2026)02-0250-11

DOI: 10.7538/zpxb.2025.0076 CSTR: 32365.14.2pxb.2025.0076

Analysis of Polysorbate-Degrading Esterase Residues in Therapeutic
Antibodies by Mass Spectrometry

YU Xiao-juan', WANG Fei-yu'?, ZHANG Jia-ling', WANG Lan', YU Chuan-fei'

(1. State Key Laboratory of Drug Regulatory Science, NHC Key Laboratory of Research on Quality and
Standardization of Biotech Products, NMPA Key Laboratory for Quality Research and Evaluation of Biological
Products, National Institutes for Food and Drug Control, Beijing 102629, China; 2. School of Pharmaceutical
Engineering, Shenyang Pharmaceutical University, Benxi 117004, China)

Abstract: Polysorbates are a class of hydrophilic non-ionic surfactants characterized by exceptional
biocompatibility, rendering them the most frequently employed excipients in therapeutic monoclonal
antibodies’ formulations. These compounds play a pivotal role in preventing the formation of
antibody aggregates and their subsequent inactivation, while simultaneously mitigating non-specific
adsorption onto surfaces of glass vials or intravenous infusion tubing. However, due to inherent
variations in synthetic processes and diverse raw material sources, polysorbates exist as complex
mixtures with significant batch-to-batch variability in their compositional profiles. Their inherent

chemical instability predisposes them to degradation, with degradation products capable of interacting
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with protein particles present in therapeutic monoclonal antibodies to form insoluble particulates and

visible foreign matters. These particulate contaminants pose substantial risks to both drug safety and

therapeutic efficacy, thereby underscoring the critical importance of investigating the degradation

mechanisms of polysorbates in antibody formulations. Chinese hamster ovary (CHO) cells represent

the predominant expression system for antibody production, with trace amounts of host cell protein

(HCP) residues persisting during the drug purification process. These trace amounts of HCP residues

have been identified as a principal contributor to polysorbate degradation. In this study, a highly

sensitive and specific mass spectrometry (MS) method was developed for quantifying trace amounts

of polysorbate-degrading esterases in HCP residues. This study aims to elucidate the specific impact

of HCP residues on polysorbate degradation, enable comprehensive quantitative analysis of

polysorbate-degrading esterases, and thereby provide essential guidance for process optimization and

quality control in antibody drug manufacturing. The methodology involved an initial non-targeted

screening approach using liquid chromatography-quadrupole time-of-flight mass spectrometry (LC-

QTOF MS) operating under data-dependent acquisition mode. This screening was performed on high-

risk HCPs present in Protein A affinity eluates, which yielded comprehensive identification lists of

polysorbate-degrading esterases at both the protein and peptide levels. Subsequently, a targeted

quantitative approach was established using liquid chromatography-triple quadrupole mass

spectrometry (LC-QQQ MS), employing multiple reaction monitoring (MRM) based on characteristic

peptide sequences to detect four common polysorbate-degrading esterases: lysosomal phospholipase

A2, phospholipase B-like 2, lipase LIPH, and lysosomal acid lipase. The sample processing workflow

underwent rigorous optimization, encompassing various parameters such as sample preparation

procedures, extraction efficiency, and analytical conditions. The method underwent comprehensive

validation, ultimately achieving a limit of quantification of 0.5 pg/g and a limit of detection of

0.1 pg/g. The developed method was successfully applied to quantify these four polysorbate-

degrading esterases across various sample types, including purification process samples, bulk drug

substances, and final drug products. The results demonstrated that the method exhibits exceptional

rapidity, sensitivity, and specificity, making it well-suited for both identification and quantitative

analysis of high-risk polysorbate-degrading esterases in therapeutic monoclonal antibodies. This

capability provides a robust analytical tool for ensuring drug quality and safety throughout the

manufacturing process, offering significant advantages for process development and quality control in

antibody drug production.
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Fig. 1 Workflow for the discovery and quantification of high-risk polysorbate-degrading esterases
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Table1 MRM ion pairs of polysorbate-degrading esterases and their characteristic peptide segments
on triple quadrupole mass spectrometry
B g %E%ﬁgﬁﬁiﬁ?% . f#?ﬂ%ﬁl\‘?&" ﬂ];%d“m/z(ﬁ?&) &F)#F%‘%m/z( &) E(j;ﬁfﬁ;i
Pen A U e e Frmeio - Gy
IR A AR A LPLA2 G3HKV9 IPVIGPLK 419(2+) 626.8(1+) 17
419(2+) 362.5(2+) 17
WG BH:2 PLBL2 G316T1 GLEDSYEGR 513.5(2+) 855.8(1+) 17
513.5(2+) 726.7(1+) 13
NG H R i LpL G3H6V7 GLGDVDQLVK ~ 522.6(2+) 874(1+) 17
522.6(2+) 816.9(1+) 17
REWTRGE AR THATRIERRIIEE  LAL G3HQY6 GNTWSLK 403.5(2+) 634.7(1+) 14
403.5(2+) 347.4(1+) 14
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Table 2 Identification of high-risk HCP by LC-QTOF MS

s AR EABRREERS  FHEKB FHE B2
No. Name Uniprot ID Unique peptide 1 Unique peptide 2
1 Carboxypeptidase D (Cpd) G3HR95 SQEGDSVSVVGR ESLITLIEK
2 Carboxylesterase 1-like protein, Liver (CES1) AOAO061IFE2 APEEILAEK MAIALLQK
3 Procollagen-lysine 2-oxoglutarate 5-deoxygenase 1 (PLODI) G3IIE7 SEDYVDIVQGR FLVEYIAPMTEK
4 78 ku Glucose regulated protein(GRP78, BiP) G3I8R9 VEITANDQGNR IINEPTAAAIAYGLDK
5 Phospholipase B-like 2 (PLBL2) G3I16T1 LTLLQLK —
6 Sialate o-acetylesterase (SIAE); G31IB1 G3IIB1 NLAFQGPLPK  GVIWYQGESNEDLNR
7 Matrix metalloproteinase-19 (MMP-19) G3HRK9 LEDITEALR LHPDDVAGIQALYGK
8 Pyruvate kinase (PK) G3H3Q1 GDLGIEIPAEK ITLDNAYMEK
9 Lipoprotein lipase (LPL) G3H6V7 GLGDVDQLVK LVGNDVAR
10 Clusterin (CLU) G3HNIJ3 FMDTVAEK IDSLMESDR
11 Lysosomal acid lipase (LAL) G3HQY6 MYNEIVNLLR WPEVIIEDLFGHK
12 Cathepsin B (CatB) G3HOL9 HEAGDIMGGHAIR EIMAEIYK
13 Cathepsin L (CatL) G3INCS GLDSEESYPYEAK LYGTNEEEWR
14 Cathepsin Z (CatZ) QY9EPP7 NSWGEPWGER VGDYGSLSGR
15 Serine protease (HTRA1) G3IBF4 ENTLNMVVR VTAGISFAIPSDK
16 Glutathione S-transferase P 1 (GSTP1) P46424 EEVVTVETWR ILLADQGQSWK
17 Peroxiredoxin-1 (PRDX1) QIJKY1 ATAVMPDGQFR QITINDLPVGR
18 Monocyte chemoattractant protein-1 (MCP-1) G3GTT2 EAVIFITK QDWVQTYTK
19 a-Enolase (2-phospho-D-glycerate hydro-lyase) G3I0W1 IGAEVYHNLK SCNCLLLK




256 B e R BT E
FFs HR HABTREES FHIER BT ALk E2
No. Name Uniprot ID Unique peptide 1 Unique peptide 2
20 C-X-C Motif chemokine 3 (CXCL3) A4URFO0 IDFEDIQSLK DGQEVCLDPEGPR
21 Protein S100-A6 (S10A6) G3HC31 LQDAEIAR LMDDLDR
22 Annexin A5 (ANXAS) G3I5A4 GTVTAFPGFDSR VLTEIIASR
23 Cathepsin D G314W7 DPTGQPGGELMLGGIDSK VSSLPSVTLK
24 Glutathione-S-transferase (GST) G3ILF3/G313Y6 LLLEYTDSSYEEK VDILENQLMDNR
25 Lysosomal phospholipase A2 (LPLA2) G3HKV9 ATQFPDGVDVR VPGFGETFSLEFLDPSKR
26 Matrix metalloproteinase (MMP) G3HRK9 LEDITEALR GDYVWTVTDSGPGPLFR
27  Peptidyl-prolylcis-trans isomerase A (PPIA) P14851 FEDENFILK EGMNIVEAMER
28 Protein disulfide isomerase (PDI) Q8R4U2 YKPESDELTAEK LITLEEEMTK

% 3 LC-QTOF MS EilE R R M 3B (L AL B PR ER AEXT 2 8
Table 3 Relative contents of polysorbate-degrading esterases in drug substances and samples during the
manufacturing process by LC-QTOF MS

AR F ik

B 1| BTG R A il Relative content/%
Polysorbate degradation  Protein AZlfLAF ik FHES T2 ke i BHES T2 AR i JE
esterase Protein A purified  Cation exchange chromatograph ~ Anion exchange chromatograph Drug
sample sample sample substance

LAL 100.0 58.7 10.9 ND

LpL 100.0 442 17.8 ND

LPLA2 ND ND ND

PLBL2 100.0 49.1 64.9 23

22 LC-QQQ MS R ILFEEM#MEHENEE
MER
2.2.1 LC-QQQMS Ew FikmH# . LC-QTOF
MS (1) A8 XF 75 it 45 R H g R [7] — P 5 i E AN
[] T2k AR i v Y 5 B 84, TE AR A [) SR
LU AL 5 i B 22 ) 1) o o 25 55, DRI, S DL XS
5 v T TR T R LB R A O T2
A1, LC-QTOF MS [ 46 72 S A JE DAAS Hh 7
IR A2 —m R R IR B R B . %
T, ARG AT X A XU R LTS R R
ALME [% i 1Y) PLBL2. LAL. LPLA2 1 LPL [ iff ,
ST TR TRRE IR B2 £ 1) LC-QQQ MS 43t
Tk

37 LC-QQQ MS Jy ik i, 5 i 4 A B 1Y 4
fIE kB B X oy 1 B8 X6 fliFH Skyline 4% I
R 4 F g A E AT S BRI, AU % AR AR IR,
I Jok B 1) 6 9 10 3k B 25 A B 2R L P D218
0 S TR 55 by KA AL F AR ) SR Ak Ik .
LC-QTOF MS 55 45 R 5 3k 4 47 1 20 ik Bt

HEFT LU XS 4307, S5 20 e g Al TG I 1) % 326 R K
B, I038 2 A2 A A A I A R B BEG o 3l
AL MRM 73, 15 3135 1 9 B3 % Al 43 R
ey Hop, A FRAE K B O 4675 2] 2 4~ MRM
BT, bR TR B X A REAETE Y TR

TSR e, 27 35 R 3 s, A )
e BE H AR P AEAS [ B S35 57T 04 e o 58 B AN T
%5 UL RO &R o AR BESE4r RE 0.5,
10 F1 50 pg/g 3 A )y B AT 1 BK B s i 1 2
B KR T 25 (A B v, 38 A 0T Ll A Y
T U T FROR PPN BE T A500 , AIR I T 3k 1) S AR
FEME, R TR 20 AT, ALV 7E —30%~ 60%
Z 8]

byl HCP 3% F S ik 25 A S Al 2
(] S 25 1 3 8 22 5 S BUR S RN, ARF YR
JEAE P B D) 7 AT R S A . R, TERARPE
AR A R B G EAT A, i T AR I HCP
BT RN, RS T B, Bl e AR
PR T W RE B, PR R S IR .
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“rioc FOAL B 3 A TR 1R U 4, L A R
so|oMQC 002 AL R 2 i 3 ik B A 2 1
30( SRR IR 1.3.2 99 07 R A FUR , HT 80
ol GLEDSYEGR Jik Bt 23 il U) 9 B th o, 3 ek %

0 HEAT 5 44 BT 45 5 A WS RORAE PO 1
:;g i 7?/?5@4&(% AWFSERS 2., 20 F1 200 pg/g 3 A
30 ) 3 T T 0 SR B VR R 5 4 5 43047,

LAL LPL LPLA2 PLBL2

B2 RERE THERERMERBA
Fig. 2 Matrix effects of characteristic peptides

at different concentrations

5% B3 HCP 5¢ LB f#t J5 , i A DTT, 3% F 90 C %

PR PR R A MEDUE, L2805, B LBk
KB PRE o %A A3 7 AR T B 1)
BRBOR AW 2 FREE, IR T SRR A
JOT B T, A 53 4G U 8% BE HCP 14 7 o B AR
1~2 P EEH.

R H 52 BT A, 5% B HCP H 5 1Y i
@Jﬁ?ﬁ%@%%ﬂﬁﬁ&lﬁwﬁzz HE T 52 0 J5 ¥ 1)

PR M AERRE . BT 5k B OHCP X R o 50
3921% (K] ot , A BIF 5 8 Ak 2 5 B [l i %6 ik
BOS 7 2 NSRS AR o 2 RDISOR Bk B Y Ty
5113/ GGRGLEDSYEGRGLGDVDQLVKGGR,

6.0, 7.902

4.0
20F

7.0 8.0 9.0 10.0
Counts vs. acquisition time/min

6.0

Response

12Fc 9.635

7.0 8.0 9.0 10.0
Counts vs. acquisition time/min

6.0

Response

HAE 97.1%~108.9%= 4], /~ T 3.

108.9
110
RS 100.6
> 105 97.1
4
3 100
¥ 95
90
Recovery-L ~ Recovery-M ~ Recovery-H
(2 ng/e) (20 ng/e) (200 pgre)

& 3 RkEX Recovery-L, Recovery-M 70
Recovery-H BB
Fig.3 Recoveries of Recovery-L, Recovery-M and

Recovery-H

222 LC-QQQMS Em FEMEIE LEk

TE L 2 F AL BRI T AN 0.5 pg/g FRAE K B,
[HR N = Y DI WL BT e w7 M O R a4 S (=1

Z, 8 T 4, RWIATT 1 0L s v A E

EAE

b 9.080

N A O
LI

7.0 8.0 9.0 10.0
Counts vs. acquisition time/min

6.0

7.0 8.0 9.0 10.0
Counts vs. acquisition time/min

6.0

iF:a. LAL; b. LPL; c. LPLA2; d. PLBL2

B4 ER=

= AR 0.5 pg/g BFAFIERR B R IR iE E

Fig. 4 Chromatograms of 0.5 pg/g peptide added in blank matrix
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Table 4 Accuracy and precision of quality control samples
HERPE Accuracy/% KE% B Precision/%
Wi BRAERmmak o pRmER IREEUR RIARIE RN BERERS  IREEUR ARG
QCsample  Spikesample  gemen B2 BRI TGyt PENRAE  BRE2 MEIIAG RIS
LPLA2 PLBL2 LpL LAL LPLA2 PLBL2 LpL LAL
LQC 1 88.8 104.9 108.6 109.4 6.7 5.8 11.0 6.7
2 101.5 98.2 92.6 96.8
3 96.1 110.4 115.2 98.4
MQC 1 92.1 111.7 111.6 112.7 8.2 0.3 10.1 11.3
2 103.6 111.3 96.9 90.3
3 108.4 110.9 92.2 107.4
HQC 1 107.1 101.2 111.6 110.5 2.8 5.9 33 6.5
2 103.2 105.5 113.9 118.2
3 101.3 113.6 106.7 103.8
JHERSD 6.6 4.9 8.7 8.3

LEME 5 &R 4 9 LL LPLA2, PLBL2, LpL &
LAL /) LQC. MQC F1 HQC 3 /M i iy BRiE i
17 (0.5, 10 F1 50 pg/L) A A A A, SR A 20 A
Wl bR M2, Bk A R, Lkl
LT E S, 5K, 7 0.5~50 pg/g WG
FEL N, 25 2 ol 2 1 4 6 R B(R) 3K F 0,999,

60

LPLA2: y=1.0412x-0.1470
R>=0.99998
40 LpL: y=1.1154x-0.5218
R>=0.9996
L.:\L: y=1.1142x-0.3819
sl R*=0.9998 -~ LPLA2
PLBL2
- LpL
~ LAL
0 10 20 30 40 50 60
B5 REfFRPOZEXR

Fig.5 Linearity of quality control samples

RNATTIENEIEL R RAF.

o) R 5 5 PR 3 o AR 2 R Ak B R
A5 i BV I HCP R AE K B 1 7 5K, 15 8 A 7
2 K I BR (1o =10) F1 52 1 BR (le=3) 43l 4
0.1. 0.5 ng/g.

223 LC-QQQ MS i LM H >k H LC-
QQQ MS & &t Iy ¥E X PR 25 W) 5 W Je ik T2
b AR P AR AT B L A TR T A 3T, 4
WY TH S5, H5FRIMLL, 4 LC-QQQ MS 7
A5 B Y E B A5 R RE 08 T Ay Hh 4R s 4 Fhg Y B
B R . R LPLA2 A 3 il & &
A AN BRI A ORI AR — B, (B F
BATTAERE S B SE PR FE AR RCR 25 5, i A
ARG 2R IR AR . Herfr, PLBL2 1 LPL
)& LR R, T B A I Al T A Bk i
WK bR, LAL &=k, A etk T2

%5 BURGMRBBEAKRRERTETRESSTH LC-QQQ MS TRLER
Table 5 LC-QQQ MS quantification results of polysorbate-degrading esterases in drug substance and

in-process samples

P =N
[ZJEEN
Content/(ng/g)
AL P — — — — —
Polysorbate degradation esterase Pmte'? Ang‘ﬁ”” W %%E UG ¥l %¥E UG St
Protein A purified Cation exchange Anion exchange Drug
sample chromatograph sample chromatograph sample substance
LAL 5.18 1.45 0.22 ND
LpL 113.03 10.37 2.34 0.20
LPLA2 0.34 ND ND ND
PLBL2 563.00 48.32 51.34 3.28
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O REH HAE O b i S = A R BT «
LPLA2 1 o — Fift e XIS 19 3R 10 B 3 e il , RS
BETERE AL P BEALIE, (H2E T LC-QQQ MS i
FABE 5 S, AT TSI 2 HEAE Protein A 4§
AR d P 0 5

3 g

ARWFFERESL T —Fh&EXF CHO 40 i 3k i Bt
PR 25 Wy s AU HCP 8% B8 W Fs i TAE T &8, &
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5 1L A4 R 5 ik T o Lt S BT 4K 245 9 v S )
25K HCP 5% B4 40 M7, th JG 75 £ %) A5 A 5% £ HCP
HEAT IR AR, T ik R TR H R G SRR R
LC-QQQ MS J5 ¥, it izf Ik B b 1 it % 45 2R 1L
BTG % A B A7 0 B0 BT, A T RABRE e | 2R
VB [ 96, BERZFE 20 min N X 0.5 ng/g e & /K-
() v JAUBS: HCP 3% B E 47 9 0 s 2, 4G R 7T 32K
0.1 pg/g, "I AE 4 H i 8 1] HCP ELISA {51 & %
A0 78, S B 43 8 XU HCP 5% B9 A RS 1 45 31
FE R IEAh, Xt 4 Fh 58 1 BL G R Ak 1 1) 5%
BR H 0 5 RN S BRAE S 09 4T, WAL Bk 1%
R T, AT T2 R A R PR
st R L A G A ik %) 2 S4BT, SR 25 1Y)
T ARACHNE I A A A S 4

A ST ST 8 T 5 AT AT U DA HOR
FH 20 T VA €8 335 55 2 VR AH €033 1k R I AR A
oo AR TR A ), BB A5 /2 CHO 4 il 3k 1Y)
AN TRI BT AR 225 4 1 T 20 0ok A M 4 R 2R 1L A4 T e
Fif % T2, 11 0T 1 A A U, R B 25 00T Al
N3] T & B BT I O 3 JF W % i XU HCP
% BE B2, JEAE T WA Ak R AR 2 PR AR
AT 200 ek, Hr ol SR LU A4 PR I A 1 il 1%
AR AR EAR S EA R U T AR,
A T 2 R LATE T A e O SR TR R L
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