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Liquid chromatography—tandem mass spectrometry analysis of
low—abundance host cell protein residues in monoclonal antibody drugs
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Abstract Objective: To develop a mass spectrometry—based detection method for low—abundance host cell protein
(HCPs) residues in monoclonal antibody drugs, thereby supporting their quality control. Methods: Monoclonal antibody
samples underwent enzymatic hydrolysis using a sequential approach: non—denaturing enzymatic hydrolysis followed

by denaturing enzymatic hydrolysis utilizing sodium deoxycholate. Subsequently, the samples were analyzed by

* GEfEVER 52 Tel: 13608013163 ; E-mail : shi.zeng@scsyjs.org
AT Tel: 13916624594 ; E-mail : zhixingy@shenkebio.com
E—EE AHEE Tel: 18616826263 ; E-mail : jiejingy@shenkebio.com
A5 48 Tel: 139818367505 E—mail : 34904523@qq.com

RWLHREL

HER  https://www.cnki.net



Hh | &N

-+ 2098 -

5 M 4 KT 22 & ChinJ Pharm Anal 2025,45(12) ‘JPA

nanoliter liquid chromatography coupled with electrospray ionization—Orbitrap tandem mass spectrometry (nanol.C—

ESI-Orbitrap). The chromatographic separation was performed on an Acclaim PepMap RSLC Cis column (75 pm x
25 c¢m, 2 pm) and an Acclaim PepMap 100 Cig trap column (100 A, 75 pm x 15 e¢m, 3 pm). The mobile phase

consisted of 0.1% formic acid in water (A) and 0.1% formic acid in acetonitrile (B). Mass spectrometric data were

acquired in data—dependent acquisition mode. The established method underwent validation for key parameters,

including limit of detection, precision, and reproducibility. Furthermore, it was utilized for the detection of HCPs

residues in monoclonal antibody samples. High—risk proteins were annotated, and the internal standard protein

recovery rates were incorporated as correction factors to enable relative quantification of HCPs residues. Results:

The method utilizing liquid chromatography—tandem mass spectrometry for analyzing low—abundance HCPs residues

in monoclonal antibody drugs was applied to evaluate 26 monoclonal antibody samples. The residual HCPs levels

in these samples ranged from 47.0 to 103.5 ng * mg™'. The high-risk protein phospholipase B-like protein was

identified, with residual levels ranging from 41.9 to 100.3 ng * mg™', constituting approximately 90% of the total HCPs

residual quantity. Conclusion: The LC—MS/MS analysis method established in this study exhibits robust stability,

precision, and reliability. It is well-suited for detecting low—abundance HCPs residues in monoclonal antibody drugs.

Keywords: host cell protein; monoclonal antibody drug; liquid chromatography—tandem mass spectrometry; low—

abundance protein; high—risk protein residue
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A PR SRR R T o e 425
FESHER M, TP SR8 rh HCPs I95% B3 i

1 UE5RG

1.1 k5]

1 mol + L™ Tris ZZ i ( pH 8.0,41L5 91221415 ) i
TSR AR G (45 20230808C ), 3k AL A B AR M
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Tab.1 Mobile phase gradient

o Uit ig Wil B
(flow rate )/(pl.» min™ ) (mobile phase B ) /%
0~4.5 0.7 3
4.5~5.0 0.7—0.3 3
5.0~120.0 0.3 3—25
120.0~140.0 0.3 25— 35
140.0~145.0 0.3 35 —50
145.0~145.5 0.3—0.7 50 — 90
145.5~160.0 0.7 90

22 g

BRI H R 2.0 kV; BAIEIRIE . 275 C,
FIE R AR B KR 42 (DDA ), — 247
e 60 000, $9 45 78 Bl m/z 400~1 600, H 45 [ 314
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BRI AR
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PR C 2 FIVE A INAREE T 25 ngo Ml 25 mmol « L™
Tris FMERFLZE 100 pL, 1A ; #0-5 &E A A B L
N1 s 400 INABRIESRE I, 37 CHED) 2 hs A
DTT i H 2 5 4 5 mmol * L', 95 °C 72844 10 min,
14 000 g &0 15 min, B EHEWG WA 10% (g- mL™)
Ji S NBRR AN, AR B 2R B 1% inA DTT
i HLZ W JE 5 mmol - 171,95 °C [ W 10 min, & %)
F 2= A TAA LR JE 10 mmol - L7, B
SR 30 ming AITA BT 25 9 4 11, 37 C gD i 1%
16 h; A 10% HFRFIZR R 1%, 11R2], 14 000 g
B0 15 min, BUEE ; F Cos BEERAE AT ER S5, 5T
ACERBRIEF; 50 uL 0.1% WK, 14 000 g 250>
10 min, JBCE T8, SR S SRS 0 3590 & A7 ik B e
i R I
2.4 HEHAFEIRMTTE

K H 2B AL B Proteome Discoverer
3.0 #EATBUE 53 Mo B 2R U UniProt, taxonomy :
Cricetulus griseus ( "1 [E4 ELINHLAH L, CHO, taxonomy
ID 10029, 20231009 ) ; Escherichia coli ( K i T 14,
E.coli, taxonomy 1D 562, 20230704 )o
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Fig.1 Total ion chromatogram of monoclonal antibody injection by non—denaturing digestion combined with sodium deoxycholate denaturing digestion
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BB, R T 83 455 A E T IR B
XF 3 AN PAT il A R i b S E B A B AT X L
DIRFIERRBE = 2 e A5, 3 MR 43 ] 5 B Y
AR 9,10 A1 9, A I 48 5 2 i 88 1 3k 8 4,
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W], AT R AR 353 A S B Y 2R R IR B E B
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Fig.2 Limit of protein detection

2.53 R HPURE RN AR (2,37 TR N R A5 OT
EIMANARE A, AT % 6 143 (31~86 ), 75 A x

xR2

AR E]AIE S, FE RSD BT 15%, W3k
2, A RAIAIG H S 1Y B 0 5 R 5 B R4

NIrERREE

Tab. 2 Precision of internal standard proteins

UniProt #i5 R AL FE (abundances (scaled ))
( UniProt accession ) (description ) St 9 3 4 S5 < RSD/%

P00004 Y ¢ 99.1 91.9 113 93.5 97.6 106.6 7.6
( cytochrome ¢ )

P00709 o- FLEHA 108.7 87.5 103.9 103.6 88.3 108.0 9.6
( o-lactalbumin )

P02741 C MM 103.5 92.4 104.6 106.9 84.3 108.4 9.5
( C-reaction protein )

POAA25 AR 1 110.3 85.9 103.2 105.8 87.8 106.9 10
(thioredoxin 1)

P68082 AR 4| 98.4 102.8 95.0 92.7 114.2 96.9 7.7
( myoglobin )

P68871 MELEH S 105.3 93.5 112.8 93.3 91.0 104.1 8.7

( hemoglobin subunit beta )

1 (note ) : fRHfELLFEE A Proteome Discoverer F0/4- T H BRI AR EAL B, TR, 45 Hd Ak T [F]— £ 2% ( abundances ( scaled ) refers to the

normalized abundance values exported from Proteome Discoverer software, which is dimensionless and scales all data to the same order of magnitude )

254 MEBREE FRBUAE AL R AR 237 WORE SR A
AWIARE L, AR MRS, BT, PEEA T B AU
RN PR , bRER S LREM M. [RIRERIAS 1 (TR
PO T AR S HEAT SO T o AR PR B 1 e
e 0 3 2% R B N 22 A1, VR i 2R 1 B IR, AR
A JCHATIL T FRE Iz 1 FUAE, R RT A5 2 [k
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Fig.3 Recovery rates of internal standard proteins
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Kl 4-Ao FESIAPBREE H RICRAIE R T2 )5 , B
PN C4), MU A AR R OO A AR 2R i
Frg B R RAAL, WA 4-B, LI 4-A 5K

(4)

HHAE (TR )

(‘abundances ( without matrix ) )

Il 3 1 T

( recovery correction factor )

4-B, 7EGI A WNFRE F SR KGE N T2 5, WhR &
A T 11 5 2 0 58 W2 O T R AT AR 3 3 [ e
FAENTRISER . SRR FES I ANAREE E IR
FLIE PR, 3k 2 AR S R AT T R L
RAf.

2.6 AR

2.6.1 1 EEASEEN  E AN RS 3 5K
i 7 22 M) HE AR5 ) oy d I B il s
HEL ATLOS AR S HOPs SEAT AR RE i T BE AR AIE
JIRBE= 2 BYEE I, PRI 0 fie e 14 3 2R JIRBEWE B 2 A
BEAT RS AR AL 3 2RI BE, T L B IR B ey 7 22
AT AR E F AR, WA (5 ),

(5)

HCPsJii & ==
noo

0 FoR AR AR s IUARSR T 6 TSI AREE A
HATIHE, B n=6.

ARl P S E B R SR B B R TR
SRR R, SRR T DS E B 60 ER
AR, T a B AR E H 2 S E B
Bk B AR LB 10%0 Gt BRILIC R 1 Ctitin,, UniProt
L5 G3HACG ) Xl 4 (B &R 1, LKA AR
X ATRER A {5 Y mEE S, 7ERE il HCPs 3R
TE 47.0~103.5 ng » mg ™' JEHl . FREAEE ISR N AMA
C3 ( complement C3, Uniprot & it 5 AOA8C2LJN ). C
RUBEER R A5 S5 3 151 B ( C—type lectin domain

AL HREL
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1< [Wﬁ%ﬂﬁﬁ%xw*ﬁﬁﬂi@lﬁﬁﬁﬁ?xHCPsﬂ@&xHCPs@fT\fﬁ%j
P E R S < AR B iR R R

family 3 member B, Uniprot %15 G3HP49 ). Ifil 21 £K
H o . % ( hemoglobin subunit alpha, Uniprot % iC 5
G3HBRS ). # i i B &£ & 1 ( phospholipase B-like,
Uniprot % i % G316T1 ). RING % E3 7z & % % [iff
( RING-type E3 ubiquitin transferase, Uniprot % i 5
G3GZL3 ) F 4 4= % D 454 & 1 (vitamin D-binding
protein, Uniprot & it 5 G3IHJ6 ), 26 L i H 5% B
EHERILE 3.

2,62 AR EHER &K HCPs @ % HAY
A W IS D S P X 25 1 A R
BCHEAFAE SRS M, R, TR0 A= ) 550 o ) s UG
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0.2 0.2
P00004 P00004

0 0
P00709 ~02 P00709 ~02
P02741 -0.4 P02741 -0.4
POAA25 POAA25
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A, TR IE A FAZIE ( caleulate without recovery factor ) B. [BIRCRAE IE 4 1E (recovery correction factor )
P PR T O HRAE TR AR ER 11, 881 il e AR S 5 [ T ONZE BB R A — R A GO AR E T A B B i 2 2R AL AN Gh
AT B A0 FLAY R (6 B e /8 1SR (In the heatmap, the horizontal rows represent the internal standard proteins used, and the

vertical columns represent the proteins calculated by them. The series of color blocks from the upper left corner to the lower right corner of the figure are the

results of calculating the amount of protein itself by the internal standard protein. These results are not included in the analysis here, so the color blocks are not

filled in. Additionally, the darker the color block, the more accurate the calculation )

4 AREAEERE

Fig. 4 Heatmaps for internal standard protein quantification

HCPs B f9 40 o %, 05 B A9 5% B8 3 At T
DB BRI , P45 R DU ARE i rh o 4 28] 1 s XU 2 1
JEHE B #:25 H ( phospholipase B-like, PLBL2, UniProt
B0 5 G3I6T1 ), 7F Protein A 4 fk i 72 7, PLBL2
S5t 1Y, R, PLBL2 5o 25 % , i =5 40
5 BB AEDTAR S b, 2 SCHERHRIE A9 CHO 41 iR UL
XU HCPs. 414 , PLBL2 2 S35 ki 20
M REAR, 2 S BUT TR A RE IR ERE M, 1t
Fh, PLBL2 i HAT 5 | G 58 K A v 78 XURS: , AT fig 2
X FH 24 42 s 7 A e P, PLBL2 7R KR & o 0 5% B4
L 3, AR 7 41.9~100.3 ng - mg™', FEAL
PLBL2 7F HCPs :15% B & 10 E 43 28 90% , 5
e XU £ 1 PLBL2 #5502 B XE JS PR iy 2 1, Hoak A
X A S AT R
3 it

FEXT BTS2 1 AR E B i KU HCPs 5% BE 4
B AT FE AR AL T4 A 335 3, SR FH AR 72 1 il i
485 H 42 E R 90 73 P it e o) PACPTORE S R A T AL B ol
b AR AR PR B R TRE SR R AT (1, P T AR
JUEL PR3 7 A e el HCPs 7= A /Tl U0 LR R e Y
JR B, T PR IE T ¥ HE % B2 (RSD ) 78+ 15% LAY,
R 5 07 FH i 1 e v 3 AR KBS 2 R B AR X
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SE T TR AL W AT IR AT B — B AR TR
figk , REA U/ 3 S5 0 B R AGH I B4 2 ), 4 T
T 7, A B AT #] 0.3 ng - mg' o AR ST K AT LA
FEEAGTIE 2GAR F B i AUBS: HCPs 5% B 3 1 7 1y
P ek,

ST BAYUTE S o A7 AE 2 R R, AR5
BT RO BN INBObR AR A . AR AR
SR, CRAAAE2E 5 o il A o
PUHE TR A R B R 1 LU AL, R HSRAR 2 1 A [T
o ARG A R AR E N 75 A Ik
MR B e Y 3 AR KB TR AR X
REFMIT, I, 5IA BRI AN A B T
BTG Prh HCPs 5E BEMERRPERY S

TE VB N bR 2 I, bl 2 1 A0 Al B 2 o %
JE A LN SR, s R AR 20 = 90% ,
BEAR AT BEAFAE A28 O AT BT e, e Tt
5 i T 5k B R AT E S R e A, P e Y
AR HA 205 R BT 28 0 1 EAN RN R,
DL A T 5, A S B R B & H, DL
FETHBE TR . TER A AR RO A R
I, 5 2 5 SR AR S IR BRI . I 2
R, 45 B EUABRER UK BOME LU E RS H 5 iR
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Tab.3 HCPs residue quantification in samples
5% FA 4 (residual amount value )/ (ng* mg™")
e RS -
(sample No.)  AQASC2LJNI*  G3HP49* G3HBRS* G3I6T1* G3GZL3* G3IH]6* k4 HCPs
(total HCPs )

483 ND 1.1 3.1 45.8 ND 0.9 51.0
484 ND 0.7 2.6 44.0 22 0.5 50.0
672 1.0 0.8 3.1 49.0 2.1 ND 56.2
737 ND 0.7 1.7 47.3 3.5 ND 533
839 ND ND 3.0 43.2 22 0.6 48.9
840 0.3 0.3 32 67.2 2.1 0.7 73.8
881 1.3 0.8 2.6 48.5 2.0 0.3 55.5
882 ND 1.1 33 46.0 2.3 0.7 534
883 ND 1.3 24 76.9 ND 0.7 81.2
947 ND 0.8 3.1 54.8 1.9 0.5 61.1
1007 ND ND 33 70.1 ND 0.3 73.7
1008 ND 0.3 2.6 423 1.7 ND 47.0
1031 ND 0.4 2.8 55.2 ND 0.6 58.9
1065 ND 1.1 54 90.0 ND ND 96.6
1087 ND 0.4 2.0 100.3 ND 0.8 103.5
1098 ND 1.5 3.0 56.6 2.6 ND 63.7
1099 2.0 1.6 1.6 53.9 4.4 1.2 64.6
1121 ND 1.8 2.3 66.8 ND ND 70.9
1122 ND 1.4 2.9 84.4 34 1.2 93.3
1123 1.2 1.3 3.0 419 0.9 ND 483
1025 ND 1.6 24 63.4 4.5 0.4 72.3
1026 ND 1.5 33 60.0 ND 0.7 65.4
1286 ND 1.6 2.0 67.4 2.8 ND 73.7
1592 0.5 1.8 29 90.8 6.3 ND 102.4
2469 1.7 1.2 22 60.5 6.7 ND 72.3
2750 22 1.9 6.0 80.2 4.4 0.5 95.2

A (note ): * 2 UniProt &0 (indicates UniProt accession ); ND SH A HY ( means not detected )

iR e = =R R WL A e = N pig i ¥ SR (U
M, FECERIFAAME, R, % T 18 A0k B R
FITEUAZS Y b BRI, B bR SRR
HERAFAEAR K-, A BE S 4 i SRR - B 2R
ey 14191

HEKES R, I T WU 1, B AR
W HHERTES N AT LUF L E R, H—, HAiff
B9 8 H B 22K U T UniProt, e Cricetulus griseus
HABHE AT 83 455 B T, A E IR R
SAEAG N SEUR AN . H = TR A R 7
V5 DA ST 6 i 1] 1) 8 7 JIRBE , A7 EASERY G T R HIL DG

AL HREL

https://www.cnki.net

Bl , 2 PR E SR . BRI R B S8
ANHE T 43 ) FH 52 50 3 Tl 118 B S AR 2 81 oA s B
Jy 3, T REH L VT BE_E K 2 o 5 — P 81 5 titin A
36 026 M2 , TEBHE R R AT I 215 B KR Y
BRIV VIR B , 3 38 Jin 7 3 1 0] 6 e Bl ML A 152 DG i
(RESR, DA R HLAE 238 SR v 1 T 91 7 3 R A1 I BE P 1
ATREME IR T, = AR IR B R R I R A R
RN D0 s e b WA K A LN PU R/ W K< N
2 BN 43 AN 9 52 1 S B0 5 285 SR e K
XTFAEAXEEA, WA 10( UniProt Hid*5:
AOA9J7JY52), W FT fEK A 58675 Yy, — MR 47 44
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SRS PERT 2o X S FE A AR 1Y

ELISA 1 2k H & A I Fn 42 il A= 9 il & b HCPs
HITRCAT 5 5 877 b HCPs 153 B8 B 8 30 o sk /s
T 100 ng » mg 170, ARSI AR S AG I 45 5, AR
an TP FE 1Y HCPs 8 3 173X AN PR BE . ELISA #1 LC-
MS/MS 45 A2 R, & T 8 B A AR A
I J Y ELISA 52 B 45 R BRI TR 5
SR BRSS9 HCPs SRR H AR L) B
55U A HCPs 5 TAR/NY L, P iRk
P, B HCPs IR AS . W 2R L4 HCPs 764
DB 28 rP AR B T e Rk, W e AT T T RE R st i o
T 6 A 0 e A v 2o SR A A8 2l R 1 B 2 1 HCPs,
ELISA £ I () HCPs 25 5 W 2 4% = Al AHEZ T,
LC-MS/MS #:0 f) HCPs % 5 F1AH 56 A 4 45 5 4K
T REA T S R U R e k. BT
R, R R T RS —2 . LC-MS/MS 7] LA
K %] ELISA KR 2149 HCPs, L Z IRK . 454
F LC-MS/MS il ELISA J7 i, 41 F T2 T+ 4 1~ K F
HCPs (R H

BEA, AR SO 3 B 48 e 31 s KRS 25 (4 PLBL2
TERE a5 HCPs % B 1 29 0 90%, 5 SCHR 4 B
) PLBL2 7£ T 2 glifb rp e LA 22 B A — 2P, T
PLBL2 X)W AT G, JR 20T LA [E AT
PLBL2 J i Al it e Xo) o B 5% o

25 TR AR S50 SR FH AR AR P A 285 6 I S I
BN PR R AL BRPAGTARR 5, BT PR TR
JABS: HCPs 4% B8 85 P ROFH o 3 6 I A 772 , 139 b
FIAISCRAL IE T, 32 5 BT 259 HCPs 2 hit 1A
PE, IR T 26 A FBURE S AN . 2B A
AT BT A 2547k T 20 R T 4% B BE HCPs
AN, S A P T R A S R
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