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Abstract: Residual host cell proteins (HCPs) can significantly impact the efficacy and
safety of biologics, and are considered as critical quality attributes that require rigorous
quality control. Currently, the enzyme-linked immunosorbent assay (ELISA) is the
most common methodology for monitoring residual HCPs in biologics. However, the
accuracy of ELISA is highly dependent on the specificity of the used antibodies, and it
does not provide informations about the types and quantities of individual HCP, making
it necessary to complement ELISA with other analytical methods. Mass spectrometry
(MS) has emerged as key analytical and characterization technique for HCPs analysis.
Without solely depending on antibody affinity recognition, MS enables the identification
and quantification of individual HCP, which facilitates a deeper understanding of HCP

profiles, clearance patterns, risk assessment, and problematic HCP monitoring.
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Moreover, the method of liquid chromatography coupled with tandem mass spectrome-
try (LC-MS/MS) offers faster development for new products. Despite its advantages,
LC-MS/MS faces challenges in HCP analysis, such as the lack of standardized proce-
dures and validation standards, signal suppression in the presence of high-abundance
active pharmaceutical ingredient (APD), and the high instrumentation cost and special-
ized expertise barriers in routine quality control settings. Researchers and industry
experts are working towards establishing standardized procedures and validation guide-
lines for HCPs analysis using LC-MS/MS, which includes utilizing data dependent
acquisition (DDA) for the construction of project-specific HCP libraries, data independ-
ent acquisition (DIA) for efficient HCP screening., and targeted strategy like multiple
reaction monitoring (MRM) for absolute quantification of high-risk HCPs. Efforts are
also underway to mitigate signal suppression effects and reduce instrumentation costs.
To overcome high-abundance API interference in HCP detection, advanced techniques
involving API-HCP separation, HCP enrichment, and non-denaturing enzymatic diges-
tion have been developed, allowing for the monitoring of HCPs at exceptionally low
levels (0.1 to 0. 01 ppm). This paper provided an overview of MS-based HCPs analysis
workflow utilized “proteomics” approach, covering essential considerations in instru-
ment selection, sample preparation, L.C separation, MS data acquisition, and data anal-
ysis and reporting, corresponding optimized practices were discussed. Nowadays ELISA
is still a workhorse for residual HCP analysis, however, LC-MS/MS is a valuable tool
for the analysis of residual HCPs in biologics. It offers a more comprehensive and
detailed view of HCP profiles and their clearance patterns throughout the production
process, enabling better risk assessment and monitoring of problematic HCPs. While
challenges remain, ongoing research and development efforts are paving the way for the
broader adoption of LC-MS/MS in the biopharmaceutical industry, ultimately ensuring
the quality and safety of biologic products.
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Fig.2 Application of LC-MS/MS based HCPs measurement methods in life cycle management of biologics

EEEMA M EEE MR E T Actinobac

oo, mm A HCPs P i -5 8 2 HCPs

Biomed /23 &Y ffi il LC-MS #: 347 HCPs Jii &
A B S U G A R bR BT o R A
i in AL i) HCP-ELISA & 7 & . X br i % LC-
MS 7£ HCPs BT A 00 rb i i F € 32 31 23 24
SN AT . 2023 4F 5 H L EEZ ML
A 7 T I I A 2 b ek e R A
(ISR & DR i — B e s RS T LC-
MS JE 4 HCP 43 #4500 Hh i 1 H

2 Y REEEYH REEIEKEESR
AR IERRE

HCPs 1) LC-MS/MS Zptrifi #5483 F
T b B 2 B 20 2 A A o G 455 A o o Ak
(ATREfL & HCPs WS & LAY LK D
) (W] LC-MS 43 #7 R ECHE b 3 TR
RS T 3. o la] g BN A e R e
BT AL ST - 28 SOHE WA €1 3 (RPLO) 43 25 JF i
N TR 3 B T S AT R B B LR S R A
D o 38 38 5040 2 A 2% A X 1 ) HCPs R 41, fiff
FH W AR VAL & /. 7EJF & HCPs I 7 %
R o it ZEARAE H AR 4 LA SRR i R B B 5

i R 7 A R B R AR AR X T ppm
(19 HCPs . fEFE dh TUL B A v o 3 38 I3 1 25
Yoy CAPD B skl HCPs & £ 28 3K, LRI
i F B APT XL Z HCPs #a il iy T4
2.1 HamArkiE

MR H bR 20 dr 19 22 5 Al DLk #% 2 b
HCP R i il 2 FBT AL BRAE G . BRIE b, A Ak 22
A5 IR ) L 8 RE % G i 3t S R & P HCPs
MISEPRtiE Ot . HCP 23 A & T RE bl i 4b 21 05
EPNT A 1 ALY ) APT 20 R/ PR DR
Y J3E I 7 25 v I A5 DR 3R AT 2 R W R i i 9
Gy SO HT TR

Ay ) e 1 R0 AR T R T R R L SR B
R ) A0 = R 45 ] RE S MR RE R A U AR L L
IRCR ST i 0 B3 R B SRS . AT
L B8 B AT A L R DT 55 O KL BR .
H AL B AT BE & B — 28 HCPs {5 8 %K .
s BAA or 1 Jo A AR D AE R I R AR 08 U8
BIRE S BUIR A 7 i HCPs RS BR 5 17 A
7 T 18]S f T ik 10 DG B R 4 B4 o e
AR R A

APIZPREY,
Bea &y - W Wwe -+~ —~— — N

AJiE)

[i1535)]

B3 LCMS/MS#ESMEIHAREAMARRRE
Fig.3 Typical workflow of LC-MS/MS based HCPs measurement



%524 ) F A5 AR W O AR W e S A R R R B A b g o 197
R1 EYFH S HCPs HHTE ANHERITLER X
Table 1 Sample preparation methods for HCPs detection
J5 2 T4 B HCP & 4 M
Method Sample preparation HCP enrichment .
type method mechanism Caveat
bRy 2 AR A 5 e 4K I 1 Y ¥ i F B2 )T RE S HCPs 19 45
R R SRRaliAl 2k BR 2 W I TR R SR T fE s e S5 29 A AR AR AL A RS
FRFNRE R R 7 W ) HCPs
8 B T B 25 ) I3 T BUE ] fig st I = 2> T BT R HCPs
— 2k /B 1w B K HL Uk T A T RN S T g £ 75 12 A0 DU B 1) HCPs
2Py Fl HCPs R R L T RE T U R A A R

ERELPIS

AR AL Pk )

HCPs &4 ERENTES
SR B H ORI P 1k
%)

& FHEE 9 HCPs & 4

BB 0 e S A NN £ 1 T
53 B 25 Rl HCPs
TN VE B8 B A 7843 B U
ENESEY)

BURPUIAR LS A
BN ECAR S 53
HEH . PF APL#I HCPs

M RES
S RBR 0 X Al 355 2 A7 A

AT B A

R # 4 HCPs
525463 19 HCPs M LUK H

3 T AR A L 25 1)
(i mAb) 1y HCP 438 , 3B 43
FCPs s 7 RE A7 7 A Y) AR 52 4 11 140
A A K R BB PR IR 510 HCPs
IR T WA S L HCPs 2 i BOHR
KB Y

32 R T G M0 2 A0 AR 2 19 1 57 Ak

M7 R B APL % HCPs % B 46 I (1%
P60 G HCPs iy Ae I 2 85058 . A7 A4 7 IR B
B Al 4 R AR AR b ) A Oy S,
Doneanu %™ Fi] et iR A0 FH AR T
LC RG2S 5 FIAE i 43 2 6E ) . (5% B HCPs
ORI BR 35 2] 1 ppm, il ad 240 A% BRE B 1A
s Mo 4F R R BR T DL 4 HCPs, 38 /)
APL f1 HCPs 1 - J 22 5, Jf f& 3% F &
HCPs [, A 841 R & 1 i 2K = 4
DA B sl s =53, B iR s 0. 01 ppm
) HCPs, I KRARIRE T LAk & A1
RUAEAE PR 25 9 ml DUHS B8 25 11 4l 16 U0 1 4
P WS N BT & T AE Y A AR P D) O
TEAEAS PR 248 R W4k HCPs. i K 38 2 Hi ik 24
PR FEE R S5 . Yang S0 76 = W B B 5T
FEPUIRT 5N BRI B M A1 P17 R
1 T Ak 9 38 3 AT TE & R R BT Ak
Poia e gt o7 i Al AR PR G DD I e] AR U
F AR 0.1 ppm 5L HCPs,

2.2 BByl

ZEeall = I ATV o S 7 g S e
MS/MS 53t HCPs 5 HI 09 2 i JBe 2R
P Bl %) Tl D) 250 2% v HL PR AS KB C R o & A
1 FL AT ) A A TR BORT ER . A B T B . R

HEABEAE A RO T . ATk ] BE AR g R A&
HERE AN . HCPs VIR ZEAR S
it (1 451 APT 5 5% B8 HCPs 19 ¢ B8 LL (il U1 i
FEFN pH B LA K AR PR 50 e B2 (0 52 e o A T K Tl
P07 5 I A5 g DFAly 5 R B ) B i DA K e
VLI U IR B 1 B 491 A A Tl D10 1 285056
2.3 LC-MS % #7

G U S A | 23 B b A S R 2 R
HCPs 43 85 80% . 76 HCPs 1y LC-MS 43 #r
o R O35 AR S A C18 FE. sk AR
HCP JKBehy &5 1A i o 2l B A B &
WA A G AT . AN BN 5 AR N AR
BT DU 5 HCPs A I 2 BUE .
U Yang ] 50 em 84 HL 2424k 19 CSH
C18 5§ 4 (1. 7 pm X 75 pm X 50 cm,130 A)
it SCRH IR O3 8 R WA A R R Oy B L SE L T
0.1 ppm HCPs Y% 5E . 1 i Be i 3% 20 #r »
0,385 U 3 A TP R R 5 R TR Y B xR
Chn PP 2D i By SR B H {8l A O P B £
T AT R O R R K A I A S R A LA
F A IR A AT SR T A AR E M . R IE
S0 HEWBCH 3 A T i T 3R TF HCPs 1973 59
RO B R T H R A B AT A RS A B P
IR T o A LBk . — B B



198

it i 2 4

$45%

R 0 B R R v ME A A R O3 BT 4 (I Orbi-
trap 8, Q- TOF) 43 HCPs. W4k, ik 2 1
it 5 5 I BB A 5 o 0 B e AT 0 — 20 B LR
AR HCPs kB, 2 E K 42 2 HCPs 11
UIE .

HCP 3 #r o 11 A9 8o >k 4R 6 s
P 4o SR R AR A K R HE A 50 (DDA) 2R
AR BE RS 1R R A5 R T RS A 1 o R
JEW sy HCPs P, B3R5/ HCPs §1 Bk T
T AT Oy S B 0 A 7 i v R E HCPs A UK
HCPs f 4§ ] 52 Bt 73 H7 $& 5Ll . DDA #
T 4% B2 B K R e 4% 1 > B e 1 AT
R 2L, 32 BRSO A 41 4 R R 0 s R B R
S, AT RE 23 5t O Se I 5 B HCPs 19 Ik BU S
B P A O S S HERR R U LU AT RE
IR EE HCPs (1 % e o 78 A SO IR iR
H R (DIA/SWATH) T, £ 20w H 4 5 L H
il A R O A A A 2> A sk B HCPs, il 3%
S m/ = 0 N BT RE B TR i R R X
DDA #5350 r] L4 & B 2K £ & A . DIA
AN AE R A7 4 I 18] BN RE R 5 B T B Y R
il + % B E A L A 2 PR 0 T DDA {H DIA
[ MS/MS S Z4>BEEg 71 F IR & 813 2
A% T MR RE B R 23 B B L & HCP % 14
PERBBY S . MUK HCPs i 25 2 1K £ [
L W5 (multiple reaction monitoring, MRM) 45
AT E AR . MRM U6 % 5 19 B 85 5 Fil
B ATE S 0 5% AT LUAR T 43 B i R BORE A
FERFE. 6T 5 50 8 HCPs. 7 MRMBI R T -

HMIHCP e 3

LC-DDA-MS
) E‘DAEAIIK O
Fffirm il 5w
ersits

DIA/SWATH
HCPs7B & B . SRR %5
G NCE TN T NEIR

e ARG HCPs i 25
MRM/PRM
Ha X g =

AN DDA 7= i) HCPs 335 18] 127 Hh i 3% 4 3 ) K
BM 78 7 AT & o . LCMS/MS 2y
HCPs 43 B2 (it T Z F fif U 75 52« 5 Bl i 43 B o
TR L TS B DA 4 A T 3 DR ) B B
HCPs 1) 48 % 7 55357
2.4 HEBSWERS

Bk 1 R RS B E 5 UniProtKB, Swis-
sProt .NCBI &8 %04 & v i B8 85 (17 51 iE 17 L
XF B AR S HCPs RS, O 3145 @ i) {5 B
IR 24k 3R £ K% I #8 [1]-155 18 % (target-decoy)
P4 ARG 5 I o AN HES % B 28 2% (FDR) <1 % fil 4
TR B i HCPs %4l . HCPs 19 %€ & 43 #r
FEF KB R B F 5l B 7 i g AR KB B T
AR AR TR A0 R 32 T80 1) 5 T R 44 ]
AR A R D MERRME B INA T A S =
PIbR R B . TEBR B HCPs [5¢ &
SATH AR A HCPs A B I8 bR 28 1 5T F0 ™ b
A TR 04 DR E HCPs 5 APT B R R LE L 77
RSy 25 5 F RO B 4 D 4l s HCP %)
25 APLIERL LVA T /02— (ng/m@) B A3
7~ HCPs (AR5 2 .

3 REFERTARMKBRERSSH
Rz A #k iR

AW T A A 0 ) kS ) IR T 0
PR 1D B (SO R R AL AR A ) PR A
R R 5 2) i X KR SR B R R B Ak B P S 5
N AT A BN 5 3) B A AR U R 1 454 26
A A A A R R DUAR AR T AR RRE

HCPs#E* & &

HCPHE & P2

—{ wemamgic

E 4 HCPoHHERAMREHERERK
Fig. 4 MS data acquisition modes applied in HCP analysis



2

3 B A < A W O A A D R T 20 M 5 B o M e 199

DU S 9 25 2R 5 4D T 33 G 000 3l 2 Y [T A R
il 35) WRAERE TR T 05 6) 2452y il A A B
ML CcGMP) ik /b B4 1) A% A 14K 1 36 i 22
R T il A SR B AR o i B 1) 8IS
03 e A AR O T O 9k L AR RO 4L
A H AT B R G — iR R . —
il o 3 i % HCPs AT 70 A7 i 7 2841 X% A
()R it AN R) P i A7 5 BRI o R A 5 —
(bR AL L . e A L T I 2R 5 4 R
3 P 5 25 B DA e Sr LA 5 R B0 B S e
JELPE R SR A A R R AT AR EAE
AT L o R M Y A B R A L O 3 T
FURY T BOHE e HCPs KRR (. B4R 3
T LC-MS/MS 1) HCPs 53 #7 7 ¥ A7 1€ J7 R
FIAZ 2 o AL Ao 40 3 DG A o ST R G M Y
P 7 KA B T AR B 2 2 42

4 BRHEERE

AV T HCP 5w 45 % 70 8 J7 6 19 75
KRR TR T A W B vk B e T AR AR
BT AR R TE 40 B R 1 U A b B B i o o
B IBORE A5 43 B8 0TI R R A T AR Al )
BT AR 45 19 5 3 0 R DN A S B A S
AT R AT Gt — I 4 A A R 4R 4 S e Bt

HET7EZBUE OLT BT A R AE 5 ik
5 ELISA 5 [w] W5 0 A= il 5 b i 5% 85 HCPs
oo 7 B T A% B HCPs (9 7. Aok, A
T HCPs 438 19 BT ik Be AR & 5 1) hy - 1) A G
JRGEAAT T 3 et 5 2) X T RUR 45 B s
L A SR T R 5 3D FERE AR B AR AR
Hh T B AR AR S R T s 4D BT R s
F IR T4 Rt 5) 78 i 8 ) A T 25 4%
il T FEST 2 A I TR A R R A A o L [
A ) T A R DG R ) R

S 23K

[1] YANG F, LI D. KUFER R, CADANG L.
ZHANG J, DAI L, GUO J, WOHLRAB S,
GREENWOOD-GOODWIN M, SHEN A, DUAN
D, LI H, YUK I H. Versatile LC-MS-based
workflow with robust 0.1 ppm sensitivity for

identifying residual HCPs in biotherapeutic products

[J]. Analytical Chemistry, 2022, 94(2): 723-

[2]

[3]

[4]

[6]

[7]

[8]

[9]

731.

PILELY K., JOHANSEN M R. LUND R R,
KOFOED T, JORGENSEN T K, SKRIVER L,
M@RTZ E. Monitoring process-related impuri-
ties in biologics-host cell protein analysis[J].
Analytical and Bioanalytical Chemistry, 2022,
414(2): 747-758.

FISCHER S K, CHEU M, PENG K, LOWE ],
ARAUJO J, MURRAY E., McCLINTOCK D,
MATTHEWS J, SIGUENZA P, SONG A. Spe-
cific immune response to phospholipase B-like 2
protein, a host cell impurity in lebrikizumab clin-
ical material[ J]. The AAPS Journal, 2017, 19
(1): 254-263.

ROBERT F, BIERAU H. ROSSI M, AGUGIARO
D. SORANZO T, BROLY H, MITCHELL-
LOGEAN C. Degradation of an Fc-fusion recom-
binant protein by host cell proteases: identifica-
tion of a CHO cathepsin D protease[J]. Biotech-
nology and Bioengineering, 2009, 104(6). 1 132-
1 141.

JONES M, PALACKAL N, WANG FENGQIANG,
GAZA-BULSECO G, CONNOLLY P. " High-
risk" host cell proteins (HCPs): a multi-compa-
ny collaborative view[ J]. 2021, 118(8):. 2 870-
2 885.

ZHANG Q. GOETZE A M, CUI H, WYLIE J,
TRIMBLE S, HEWIG A, FLYNN G C. Com-
prehensive tracking of host cell proteins during
monoclonal antibody purifications using mass
spectrometry[ J]. mAbs, 2014, 6(3): 659-670.
WALKER D E, YANG F., CARVER J, JOE K,
MICHELS D A, YU X C. A modular and adap-
tive mass spectrometry-based platform for sup-
port of bioprocess development toward optimal
host cell protein clearance[J]. mAbs, 2017,
9(4): 654-663.

DONEANU C E, ANDERSON M, WILLIAMS
B J, LAUBER M A, CHAKRABORTY A,
CHEN W. Enhanced detection of low-abundance
host cell protein impurities in high-purity mono-
clonal antibodies down to 1 ppm using ion mobility
mass spectrometry coupled with multidimensional
liquid chromatography[J]. Analytical Chemis-
try, 2015, 87(20): 10 283-10 291.
TSCHELIESSNIG A L, KONRATH J., BATES

R, JUNGBAUER A. Host cell protein analysis



200

=

L I

$45%

(10]

[11]

[12]

[13]

[14]

[15]

(16]

[17]

in therapeutic protein bioprocessing-methods and

applications[ J]. Biotechnology Journal, 2013,
8(6): 655-670.

USP-NF[1132]. Residual host cell protein meas-
urement in biopharmaceuticals[ S]. U. S. Phar-
macopeia National Formulary Official, 2023.
ALLA Z. HCP ELISA and HCP antibody cover-
age analysis methods[J]. Biopharm Internation-
al, 2021, 34(4):38-40.

KREIMER S, GAO Y, RAY S, JIN M, TAN
Z, MUSSA N A, TAOL, L1Z, IVANOV AR,
KARGER B L. Host cell protein profiling by
targeted and untargeted analysis of data inde-
pendent acquisition mass spectrometry data with
parallel reaction monitoring verification[ J]. Ana-
lytical Chemistry, 2017, 89(10);: 5 294-5 302.
USP-NF[1132.1]. Residual host cell protein

measurement in biopharmaceuticals by mass
spectrometry[ S]. U. S. Pharmacopeia National
Formulary Official, 2023.

BRACEWELL D G, FRANCIS R, SMALES C
M. The future of host cell protein (HCP) identi-
fication during process development and manufac-
turing linked to a risk-based management for
their control[ J]. Biotechnology and Bioengineer-
ing, 2015, 112(9). 1 727-1 737.

YANG F, WALKER D E, SCHOENFELDER
J, CARVER J, ZHANG A, L1 D, HARRIS R,
STULTSJ T, YU X C, MICHELS D A. A 2D
LC-MS/MS strategy for reliable detection of
10 ppm level residual host cell proteins in thera-
peutic antibodies[ J].
2018, 90(22) . 13 365-13 372.

LI D, FARCHONE A. ZHU Q. MACCHI F,
WALKER D E, MICHELS D A, YANG F.

Analytical Chemistry,

Fast, robust, and sensitive identification of resid-
ual host cell proteins in recombinant monoclonal
antibodies using sodium deoxycholate assisted
digestion[ ] . 2020, 92
(17): 11 888-11 894.

WALKER D E, YANG F, CARVER J, JOE K,

MICHELS D A, YU X C. A modular and adap-

Analytical Chemistry,

tive mass spectrometry-based platform for sup-

[18]

[19]

[20]

[21]

[22]

[23]

[24]

port of bioprocess development toward optimal
host cell protein clearance[J]. mAbs, 2017,
9(4) . 654-663.

HESSMANN S. Development of analytical strat-
egies in quantitative proteomic: quantitation of
host cell proteins by mass spectrometry as a qual-
ity control tool for the biopharmaceutical industry
[D].
2021.
TONG L, ZHOU X Y. JYLHA A, AAPOLA
U, LIU D N, KOH S K., TIAN D, QUAH ],
UUSITALO H. BEUERMAN R W, ZHOU L.

Strasbourg: Université de Strasbourg,

Quantitation of 47 human tear proteins using high
resolution multiple reaction monitoring (HR-
MRM) based-mass spectrometry[]J]. Journal of
Proteomics, 2015, 115. 36-48.
GUO J, HUAN T. Comparison of full-scan,
data-dependent, and data-independent acquisition
modes in liquid chromatography-mass spectrome-
try based untargeted metabolomics[J]. Analyti-
cal Chemistry, 2020, 92(12). 8 072-8 080.
CHEN Z W, XIONG L., ADAMS G, WALKER
H, WILSON M, PYBUS L, HEISE C, LYONS
M. HASTINGS B. Powerful workflows for
highly sensitive identification and quantification
of host cell proteins (HCPs)[R]. USA, SCIEX
Technical Note, 2022.
SIMON R, ESHANI N. Simultaneous quantifi-
cation of trastuzumab and pertuzumab in human
serum using accurate mass spcctromctry[R].
USA, SCIEX Technical Note, 2023.
BITTREMIEUX W, WALZER M, TENZER S,
ZHU W, SALEK R M, EISENACHER M,
TABB D L. The human proteome organization-
proteomics standards initiative quality control
working group: making quality control more
accessible for biological mass spectrometry[]].
Analytical Chemistry, 2017, 89(8): 4 474-4 479.
NICOLE G, STEFAN S. BEBPA 2021: trends
and opinions[ R]. Germany, BioGenes GmbH,
2021.

(W Fe H 1 :2023-11-29 348 1] H 1 :2024-01-24)





