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= Residual host cell proteins (HCPs) from recombinant production are classified
as process-related impurities.

— HCPs can elicit an unpredictable immune response in patients.
— Need to be monitored as part of regulatory guidelines
= European regulations in effect since 1997:

— '6.2 Validation of the purification procedure - .... The ability of the
purification process to remove other specific contaminants such as host-
cell proteins ... should also be demonstrated’ GEUROPEANMED,CINESAGENCY

= Current analytical methods (typically ELISA, gels, blots) are:
— expensive,
— subjective,
— time-consuming to develop,
— Require prior knowledge about the contaminant proteins

= Composition of HCPs is extremely heterogeneous and changes with
production and purification procedures.

©2011 Waters Corporation 2



Business Impacts of HCP Issues aters

THE SCIENCE OF WHAT'S POSSIBLE."

e During the development of Omnitrope, an immunogenicity
issue emerged with an early version of the product.

e Up to 60% of patients enrolled in two clinical studies developed
anti-hGH antibodies, and 100% developed anti-HCP antibodies.

e The cause was excess host cell protein levels, which was
resolved by the manufacturer with purification process changes.

What is the cost of halting \{é%{:‘“ »
clinical trials or losing § omns
drug efficacy over time?

©2011 Waters Corporation 3



Today’s approach to HCP’s: 12 months to develo : .
product-specific quantitative immunoassay “ Waters

THE SCIENCE OF WHAT'S POSSIBLE."

Immunoassays are sensitive but inflexible

Figure 2. Development steps of a quantitative host cell protein assay

Qualitative Quantitative
Antigen Immunization Test of Sera Assay
ﬁ
about 2 months 3—9 months 1 month 1-2 months

M ock-run Control of Purification of

preimmune sera antibodies (Protein A,
Selection of antigen affinity chromatography)

Immunization
Characterization (rabbit, goat etc.) 1-D and 2-D
of antigen electrophoresis

Control of sera and W estern blot

(e.g., for cross reaction
against product protein)

e Process Changes may require
new assay development.

e Hurdle to Biosimilar approval

e Regulators not all that happy Biopharm International, Volume 13,
- - Number 6, pp. 38-45, May 2000
with this current technology. HTEr PR *
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Antibody Expression
Waters
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Purification
N\~ Protocol A

=
E_EH

Chimeric IgG1 mAb
(PTG1)

Chlmerlc IgG1l mAb
(PTG1)

Purification
Protocol B

=  Chimeric anti-phosphotyrosine IgG1 mAb (PTG1) expressed in 2 cell lines (CHO-S and
DG44)

= Purified by Protein A chromatography (two different protocols).

= Two cell lines (DG44 and CHO-S) containing no PTG1 vector were also grown under the
same conditions and purified on a Protein A column.

= Five proteins were spiked in PTG1

— 4,000 fmoles LA (bovine beta-lactoglobulin), 800 fmoles PHO (rabbit glycogen
phosphorylase b), 320 fmoles ADH (yeast alcohol dehydrogenase), 80 fmoles BSA
(bovine serum albumin), and 16 fmoles ENL (yeast enolase).

= Samples analysed by LC/ MSE
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Virus Inactivation Capture
I Chromatography  Filtration &
(Protein A) Concentration

CP's >
10000 ppm

1° Clarification
Tangential Flow
Filtration

2° Clarification
Normal Flow

HCP’'s ~ 1000 PPmM Filtration

- et Sterilization
Purification Polishing Virus Filtration gormulation Fill and Finish

Chromatography Chromatography Concentration
' Filtration
w
. w L

HCP’'s 1-100 ppm

HCP’'s
~100 ppm
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Tryptic
Digestion

“Catalog” of
HCP Process-

Routine
Sensitivity
~ 50 ppm
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ID Protein ID Concentration (ppm or ng/m|
no and species DG44 cells CHO-S cel
1 78 kDa glucose regulated protein (hamster) 778 23!
2 Actin isoforms (hamster) 3237 4275
3 Alcohol dehydrogenase (yeast) - 560 ppm (ADH) 90 188
4 Clusterin {(mouse) 3306 5584
S5 Cofilin 1 (mouse) 109 189
6 Elongation factor 1 and 2 (hamster) 1684 1247
7 Enolase (yeast) - 13 ppm (ENL) 23 16
8 Glyceraldehyde 3 phosphate dehydrogenase (hamster) 4594 6359
9 Glycogen phosphorylase (rabbit) - 530 ppm (PHO) 480 607
10 Heat shock 70 kDa protein (mouse) 9907 6532
11 Heat shock cognate 71 kDa protein (mouse) 628 322
12 Heat shock protein HSP 90 alpha(mouse) 266 874
13 alpha lactalbumin (bovine) - 1,200 ppm (LA) 654 725
14 Lipoprotein lipase (hamster) 1024 2358
15 Lysosomal alpha glucosidase (mouse) 2153 3385
16 Nucleolin (hamster) 1431 2891
17 Pyruvate Kinase isozyme (mouse) 683 450
18 Serine protease HTRA1 (mouse) 741 952
19 Serum albumin precursor (bovine) - 100 ppm (BSA) 100 100
20 T complex protein subunits (mouse) 8120 10563
21 Tubulin alpha and beta chain (mouse) 2464 7158
Percent composition for 21 common proteins 425 571
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MSE: An Alternate Scanning Methodology:fei Y eters

Achiring Peptide and Fragmentation Data THE SCIENCE OF WHAT'S POSSIBLE."
Collision Cell Energy Alternates: low energy
MS: Low (5 eV) A 5
MSE: Elevated (10 eV _« 45 eV) ‘
®
3 l I

"o o Q)|  ee / @

LX )

.............................................................................................................

> il ﬁm

e Minimize bias/selection of ions elevated energy
(1 Reproducibility)

e Global Analysis (Accurate Mass)

e Qualitative and Quantitative data ‘ ‘ ‘ ‘
from one analysis : |

.............................................................................................................

Silva J.C. et al (2005) Quantitative Proteomic Analysis by Accurate Mass Retention Time Pairs
©2011 Waters Corporation Analytical Chemistry 77(7): 2187-2200. 8
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LC Conditions for HCP discovery

nanoACQUITY™ UPLC® system with 2D technology

eFirst Dimension (1D) pH=10: High Loading Capacity, high pH resistance (XBridge) IDENTITY

eOnline dilution (1:10) of the eluent from 1D before analyte trapping onto the 2D column.W
eTrap column: 5-uym Symmetry for high carbon loading - facilitates peptide retention

eSecond Dimension (2D) pH=2.4: analytical chromatography of each fraction in turn with longer gradient to
maximize resolution for each fraction.

eDigital Fraction ‘Merge’: digitally group peptides that fall into different fractions by treating the
dataset as if it were a 1D LC run.

Second Dimension Online Fractions
(2D) at pH 2.4

10.8% Eluent B
12.4%
14.0%
15.4%
16.7%

18.6%
20.4%

25.0%
30.0%
50.0%
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Reproducibility of 2D Chromatography:

T43 ENL (VNQIGTLSESIK), 24 fmoles on column, Fract‘li;.

90 min gradients

Waters
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100218_LAADBD_CD_O7 1. TOF M5 ES+
Fdad 89 0.10Da
100 271
Initial
|- q .
Injection
T s e e e e e e e e e S e T REEE S
34 .50 34 758 35.00 3525 35.50 3575 36.00 36.25 36.50 3675 37.00 3725 37580 3775 38.00
1002158_UAADSD_CD_04 1. TOF M5 ES+
36.09 Bd4 88 0.100Da
100 951
17 h later
=
EI| LA LN LA L L A UL LN N L L N N L L I L L LR L L L L B N B UL B B I LA A N AL AL AL A
34 .50 3475 35.00 3525 35.50 3575 36.00 36.25 36.50 3675 37.00 3725 3750 3775 38.00
100219_LAADB0_CD 10 1. TOF MS ES+
3604 544 89 0.100a
100 3791
30 h later
=
D| AL R LN R L LA WL L AL I L N N AL IR A L L S N L L AL DL L N B IR B B UL LA S PR B A A
34 .50 34 758 35.00 3525 35.50 3575 36.00 36.25 36.50 3675 37.00 3725 37580 3775 38.00
100220_UAADSD_CD_04 1. TOF M5 ES+
100 3509 Gdd 88 0.10D3
43 h later 328
=
Ell'"'|""|""|""|""|""|'"'|"''|""|""|"''|'"'|""|""|TimE
34.50 3475 35.00 3525 35.50 3575 36.00 36.25 36.50 3675 37.00 37.25 37.50 3775 38.00
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Absolute Quantification of Proteins by LCMS®

A VIRTUE OF PARALLEL NS AGOUSITIONTS]

Research

Jefirey C. Silvat§. Marc V. Gorensteint, Guo-Zhang Lit, Johannes P. C. VissersT],
and Scott J. Geromanosg.

Relatve quangfication methods have dominated the  T0 date 3 majvity of e cusrstatve pretecric arshyaes,
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Basis: Intensity of Top 3 Peptides of each Protein

Narne - ADHI _YEAST

Name - ALEU_BOVIN

Name - ENO|_YEAST

Y P p—

e 21 by

Narn - HEA_BOVIN

Narne - HBE_BOVIN

Name - PHS2_RABIT

-

i

:

i

Signal Response (counts)
o

:

:

.

Average Intensi

6 1116 21 26 31 36 41 46 51 56 61

o 2000 4000 6000 8000 10000 12000 14000
Concentration (fmoles on column)

1 6 111621 26 31 36 41 46 5| 56 61

Peptide Number

Molecular & Cellular Proteomics 5:144-156, 2006.
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Example: Comparing HCPs in a therapeutic mAbHs

isolated by two Protein A purification methods " Waters
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Protocol A (ppm Protocol B (ppm
or ng/mg) or ng/mg)

(| s | 1 ]
| e [ s ]

Protein ID and species

(| 2 | 1me |
| e | e
(| o= | 2
(| owse | a0

]
Determine:
v Total HCP L | — e

ota eve
v HCP Complexit
P Yy
- -
v Which Proteins?

T complex protein subunits (mouse 6060
v At what Levels?
Tubulin alpha and beta chain (mouse, 1839 10072
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Monitor Host Cell Proteins (HCP’s) later sk

" Waters
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downstream processing using MRM

Virus Inactivation Capture
I Chromatography  Filtration &
(Protein A) Concentration

CP’s >>
1000 ppm

1° Clarification
Tangential Flow
Filtration

1° Purification

- / 2° Clarification
Normal Flow
HCP's ~ 1000 PPmM Filtration

- et Sterilization
Purification Polishing Virus Filtration  £qrmulation Eill and Einish

Chromatography Chromatography Concentration
' Filtration
w
]

"HCP's
HCP’s 1-1
~100 ppm CP’s 00 ppm
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MRM Monitoring of HCP's

= Verify facilitates development of MRM methods for
multiple HCP’s via “signature” peptides

= Absolute quantification can be performed by using
stable isotopically labeled peptide standards

= Assay extremely simple to update/ change

D Protein ID C fration (ppm or ng/mg)
no and species DG44 cells | CHO-S cells
1 78 kDa glucose regulated protein (hamster) 778 2354
2 Actin isoforms (hamster) 3231 4275
3 Alcohol dehydrogenase (yeast) - 560 ppm (ADH) 90 188
4 Clusterin (mouse) 3306 5584
5 Cofilin 1 (mouse) 109 189
6 Elongation factor 1 and 2 (hamster) 1684 1247
7 Enolase (yeast) - 13 ppm (ENL) 23 16
8 | Glyceraldehyde 3 phosphate dehydrogenase (hamster) 4504 6359
9 Glycogen phosphorylase (rabbit) - 530 ppm (PHO) 480 607
10 Heat shock 70 kDa protein (mouse) 9907 6532
11 Heat shock cognate 71 kDa protein (mouse) 628 322
12 Heat shock protein HSP 90 alpha(mouse) 266 874
13 alpha lactalbumin (bovine) - 1,200 ppm (LA) 654 725
14 Lipoprotein lipase (hamster) 1024 2358
15 Lysosomal alpha glucosidase (mouse) 2153 3385
16 Nuclealin (hamster) 1431 2891
17 Pyruvate kinase isozyme (mouse) 683 450
18 Serine protease HTRA1 (mouse) 4 952
19 | Serum albumin precursor (bovine) - 100 ppm (BSA) 100 100
20 T complex protein subunits (mouse) 8120 10563
ar E T T VS B S SURY 2464 7158
425 571

IDENTITY]
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Isotopic
Peptide

—_— e e ——————

' Targeted MRM Quantification of |

L
_

xevo 10-S
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Development of an HCP MRM Asg

~ )
Discovery Phase (QTof) HCP Protein ID
_ _ |::> Peptides (RT, Intensity)
E /
Identify HCPs using LCMS MSE Fragmentation
G y

Monitoring Phase (QQQ)

Select 3-5 peptides per protein (best ionizing, good fragmentation)
— Produce recombinant HCP?

Produce synthetic peptides

Identify best 2-3 MRM transitions per peptide (Infusion Experiment)
— Optimize Cone Voltage
— Optimize Collision Energy

LC/MS method development
— Spike peptides into biotherapeutic digest to identify product interferences
— (Optional) Stable isotope labeled peptide for absolute quantitation
— Investigate the linearity of the MRM assay
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QQQ MRM method to monitor Top 20 HCP Proteih. C i -
Peptides, 58 Transitions) from method 1 THE SCIENCE OF WHAT'S POSSIBLE™

Experiment Setup - c:\masslynx\hongwei. pro\acqudbipgr2 T rt_windows smooth.exp |- ||I:| || X|
File  Edit  Miew Options  Toolbars  Functions . Help
DEHS @ X
E SR B MRM [F Msscan B Parerts B Daughters B MeutralLoss B Survey | B scarwaveMs [ Scanwave DS
Pointz Per Peak: |5 442
Total Bun Time: + ID . 1|D . 2””{'"’
No, | Type Infarmation Time
1 = MREM of 2 mass pairs, Time 0.00 10 9.00, ES+ (Flasminogen GFYLHE)
2 MRM of 2 mass pairs, Tirme 0.00 to 9.00, ES+ {(Insulin GVYEKFPLR) = =
4 MREM of 2 mass pairs, Tirme 0.00 to 9.00, ES+ (Mucleophosmin GPSSVYEDIK) |
a3 MR of 2 mass pairs, Time 0.00 to 9.00, ES+ (Elongation STTTGHLE) ==
12 MREM of 2 mass pairg, Time 0.00 t0 9.00, ES+ (T8 YEIANDQGMRE] ]
el MREM of 2 mass pairs, Time 8.00 to 10.00, ES+ (Endothelial INEKPOYIADYESGR) i1
3 MEM of 2 mass pairs, Time 8.00t0 10.00, ES+ (Pyruvate APIAYTR) I |
19 MEM of 2 mass pairs, Time 8.00t0 10.00, ES+ (Glyceraldehyde GAACMIPASTGAAK) [
21 MREM of 2 mass pairs, Time 8.00t0 10.00, ES+ (405 ELAEDGYSGWEWR) i
10 MEM of 2 mass pairs, Time 9.00 to 11.00, ES+ (Mucleolin SYSLYYTGERK) =
16 MEM of 2 mass pairs, Time 9.00to 11.00, ES+ (Elongation ALIAACYSGAQYED /1
29 MEM of 2 mass pairs, Time 9.00t0 11.00, ES+ (Mascent IEDLSQOADLARAER) ]
20 MRM of 2 mass pairs, Tifme 10,00 t0 12.00, ES+ (Peptidyl IEVEKPFAIAKE) -
11 MEM of 2 mass pairs, Time 10,00t 12.00, ES+ {Cold YGRQISEWAALK) ==
24 MEM of 2 mass pairs, Time 10.00t0 12.00, ES+ (Heterogeneous IFYGGLSPDTPEERK) —
26 MEM of 2 mass pairs, Time 10.00t0 12.00, ES+ (Heterogeneous IFYGGLNPEATEEE) =3
a MEM of 2 mass pairs, Time 10,00 t0 12.00, ES+ (Heterogeneous DLKDYFSK) =
7 MR of 2 mass pairs, Time 11.00t0 13.00, ES+ {Clusterin SLLMSLEEAK) ==
B MRM of 2 mass pairs, Time 11.00t0 13.00, ES+ (405 AELMNEFLTR) 1
27 MREM of 2 mass pairs, Time 11.00t0 13.00, ES+ (T LSSFIGAIAIGDLYK) |
24 MEM of 2 mass pairs, Time 11.00t0 13.00, ES+ (Nascent SPASDTYIVF GEAK) |
18 MRM of 2 mass pairs, Tirme 12.00t0 14.00, ES+ (Peptidyl TVDNFYALATGER] ==
15 MREM of 2 mass pairs, Time 12.00 to 14.00, ES+ {Cofilin LGGSAVISLEGKEPL) [
28 MEM of 2 mass pairs, Time 12.00t0 14.00, ES+ (Mucleolin GFGFYDFMSEEDAK) ]
13 MEM of 2 mass pairs, Time 12.00t0 14.00, ES+ (Midogen VLFDTGLYMPR) ]
22 MREM of 2 mass pairg, Tirme 13.00 t0 20,00, ES+ (Laminin LSAEDLVLEGAGLR) _
23 MREM of 2 mass pairs, Time 13.00 to 20,00, ES+ (Pyruvate MYDDGLISLEYE) |
14 MR of 2 mass pairs, Time 13.00 t0 20.00, ES+ (Eukaryotic WHLVGIDIFTGE) ]
17 MREM of 2 mass pairs, Time 13.00 to 20.00, ES+ (T LYPGGGATEIELAK) |
UM
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SESIK
| |
G — | T K]
534.4535
ragment Ion Display x| !,E
Protein: Enolase  Sequence: WNWQIGTLSESIK  Fragment Mumber: 1:T43  Modifiers:

ARk |
Control: VNQIGTLEESIK

f WN
f K

sEsIK | bMax
Q

v —r yMax

G — 1
534.4535
V8

51008

Intensity (counts)

47,5370
¥

S B

563.3021

12867065
yi2

I
T
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

2141120 |

b2 |
|

1
6763801
3251515 v
b3-NH3 !
476.2728
1970624 ,
b2-NH3 J I l
LG UL Lk

2] 200 400 800 0, 00

8475370
¥

1154.5002
1138 5879
]

I
T
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| 030.5664
|

|

|
t

|

I

|

|

I

|

I

|

I

I

|

I

|

I

I

|

I

|

| 1
| 3421776
| b3
I

|

I

|

|

I

|

I

|

|

I

|

I

|

|

I

™
1418.4737

|

Assignment | Fragment Mass (Da) | Control Peak Mass (Da) | Conkrol Mass Ervor (Da) | Contral RT (mins) | ¥2 Control Inkensity (cou... | Contral Modifiers | Analvte Peak Mass (Da) | Analybe Mass Error (Da) | Analyke RT (mins) 1':'5? 53
vE 5344573 §34.4535 0.0035 46,5 S1005.0 Y .
b3 3421777 342.1776 0.0001 46.5 25294.0 ]
v 947.5413 47,5370 0.0043 46.5 1856201 |
e 563.3041 5633021 0.0020 46,5 13878.0 5
1z 1288.7112 1258,7065 0,004 46,5 10368.0
bz 214.1192] z14.1180 0.0002 46.5 9760.0
Vi) 676.3551 676.3891 -0.0010 46,5 8347.0 _lLI

»

424

020 5323 1039.5664

Ok 'IQ'HE'-'
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MRM Interference for a HCP. Peptide M
Transition

Herceptin + spiked proteins digest
090720 VBADS3 CD 16

1004

]
%

a

y8
VNQIGTLSESIK,

644.92+) ->834.8(1+)

o . L

" Waters
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3 MREM of 2 Channels ES+

6449 =834 4 (EML - T43)

4.00e4

Area

Time Height Area Area%

SR
5.00

090720_VEADSS_CD_18 Sm (Mn, 112
100+

%

————t— el
6.00 10.00

y9

VNQIGTLSESIK,
644.9(2+) ->947,5(1+)

L B L B B B
11.00 12.00 13.00

T o
15.00

3 MRM of 2 Channels ES+

G4 9 =947 5 (EML - T43)

4.00e4

Area

Time Height Area  Area%

.55 268407 62314 100.00

©2011 Waters Corporation
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Hi3 vs. MRM quantitation data for a 58,kD +HGE . V\-/o’rers

demonstrates common results

Relative Intensity

©2011 Waters Corporation

700 A

600 -

500 A

400 A

300 -

200 A

100 -

THE SCIENCE OF WHAT'S POSSIBLE."

A Hi3 (MSE TOF)

B /® MRM(QQQ)

2 Transitions

= I/:—

METHOD
1

METHOD
2

METHOD ‘ METHOD 1
3 No mADb
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Analytical Reproducibility for 29 HCP
Proteins (58 MRM Transitions)

Method 1 Sample

No. of MRM

e = 14% RSD

" Waters
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‘ | Averag
5 10 15 20 25 30

%RSD (n = 6 replicates)

©2011 Waters Corporation
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More Flexibility for HCP Analysis

= Using the same technologies you use for protein
characterization you can also identify HCP’s in your product.

— 2DLC/MSE and the most accurate bioinformatics platform are all
required to produce sensitive high quality results

— Catalog (Identify and quantitate) and compare HCP’s in early
stages of processing.

= Easily developed MRM assays can monitor low ppm level
HCP’s in later processing steps and in the purified drug.

— These MRM assays are readily modified to facilitate faster
process development/improvement cycles.

— Such MRM assays are commonly used today for regulated
analyses, and could be readily validated for future QC needs.

©2011 Waters Corporation 21
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