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Economicifiglires for-therapeutic
protein products

2006 sales (USS billion)
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StrategiesdorilC . C-MS/MS-assay
development

[HIVPVNK[OH]
[H]VPVNK[OH]

MQALVLLLCIGALLGHSSCQNPASPPEEGSPDPDSTGALVEEEDPFFKY
PVNKLAAAVSNFGYDLYRVRSSMSPTTNVLLSPLSVATALSALSLGAEQ | Enzymatic
RTESIIHRALYYDLISSPDIHGTYKELLDTVTAPQKNLKSASRIVFEKKLRIK | oo ction
SSFVAPLEKSYGTRPRVLTGNPRLDLQEINNWYQAQMKGKLARSTKEIP
DEISILLLGVAHFKGQWVTKFDSRKTSLEDFYLDEERTVRVPMMSDPKA
VLRYGLDSDLSCKIAQLPLTGSMSIFFLPLKVTONCTUEESLTSEFHDD |
RELKTVQAVLTVPKLKLSYEGEVTKSLQEMKLQSLFDSPDFSKITGKPIKL
TQVEHRAGFEWNEDGAGTTPSPGLQPAHLTFPLDYHLNQPFIFVLRDTD

[HITESIIHR[OH]

[HILAAAVSNFGYDLYR[OH]
[HILAAAVSNFGYDLYR[OH]
[HILAAAVSNFGYDLYR[OH]

TGALLFIGKILDPRGP

[HIELLDTVTAPQK[OH]
[H]SASR[OH]
[H]IVFEK[OH]

[HJALYYDLISSPDIHGTYK[OH]

[HISSFVAPLEK[OH]
[H]SYGTR[OH]

[HIFDSR[OH]
[HITSLEDFYLDEER[OH]
[H]YGLDSDLSCK[OH]
[HILSYEGEVTK[OH]
[HILQSLFDSPDFSK[OH]

[HILDLQEINNWVQAQMK[OH]

[HIDTDTGALLFIGK[OH]

Targeted Peptide Quantitation using SRM’s
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Sample preparation:strategies

Senumromwbialogical imaitrix

l

B

Pepsin:Depletion

IgG Enrichment

(Protein A, Protein G)

|

Albumin Depletion
|[EF Fractionation
Others

Tryptic Digestion

Sample Clean- -up

Peptide Fractionation
(IEF,RP, CF)

|
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Im-silico o predictioncof the moest-unique
peptide

A hioo-informatics tooliwas constructed: based©nisequence
alignmentrwith germline:« and'mADb.

Antibody Light Chain
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Residue

A An isotopic '« variant:© of one: of the: unique- peptide ~ was: synthesized
A In the: absolute guantification study  of the: anti -ILa mA b 6 PRK,
this- peptide - will ' be: used' as internal-:' standard
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Schematic of Reaction:Monitoring High
Selectivityiand:Sensitivity

Ql Q2 Q3
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—— el
Precursor lon - Product lon
Pre set Pre set

A “proteotypic” peptide is selected as being representative of a
targeted protein. Q1 is set to transmit only the parent m/z of the
selected peptide and Q3 is set to transmit only a selected fragment
ion. Quantum has a very fast SRM dwell time (2 ms), so that multiple
SRM (MRM) analyses can be carried out during each scan of an

LC/MS/MS run. 1t is practical to monitor up to 300 SRM
transitions/sec.
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Analytical assay-workflow (AQUA)

Labelled - peptide

(1S)

Albumin
matrix depletion

] ‘ 7|

vy
Tryptic digestion

b

S _
sample clean-up

l

LC-MS/MS
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Albumin depletion:and trypsin 1 digestion

Intensity, cps
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Preliminary validation:data

AGood S:N (LLOQ 2 pg/mL), no background in monkey

serum

A Linear from 2-1000 ug/mL, R20 0079 9 8

Precision Intra—dgy (n=3 ¢ 9.0%
CV (%) replicates)
Inter-day (n=3 assays) ¢ 9.9%
Ac%%)acy Assay 99.0-111%
Overall 96.9-111%
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Major drawback-of the'method
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Analytical assay-workflow ( QconCAT )

Biological
matrix

Tryptic digestion

RP l MCX

2D sample clean-up

|

LC-MS/MS
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Protein Internal Standard

U Bovine fetuin

Protein size: 38 KD
Many tryptic peptides are unique from serums of common study species
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U Spiked into samples at the beginning of the assay
Monitor whole process of the assay, including protein digest step
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LC-MS/MS-assay:selectivity

U Peptide ion of IS (bovine fetuin): TPIVGQPSIPGGPVR and mADb

IS MS/MS transition mAb MS/MS transition
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Calibrationand:precision data

Assay calibration curve
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Accuracy and Precision
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Linear range: 0.5-1000 pg/mL

R2: 0.9943

Normalized by Protein

QC (ng/mL)
(4 replicates) Accuracy (%) Precision CV (%)
1 96 9
3 102 9
100 94 6

| EBF focus meeting - Large meets small | O: Heudi | 22-June-2011 | LC-MS/MS quantification of proteins

') NOVARTIS



PK study/results: LC

mADb administrated i.v. in normal rats

(Average of 3 rats)

350
300 -©- ELISA
1250 & = ELISA Error
e — [ C-
200 ¢ LC-MS/MS
= p = LC-MS/MS Errol

-MS/MS: vs: ELISA

mAb administrated i.p. in normal rats
(Average of 3 rats)

(]
o
|
1

=== ELISA

= ELISA Error
=== | C-MS/MS
= LC-MS/MS Erro

)
3

Mean (ug/mL
N
o

20 -
——e o8 -3
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Time (hr) Time (hr)
vV IP
AUC, Cl Vss o AUC; Chnax
hr*mag/mL mL/hr/kg mL/kg hr hr*mag/mL Cl/E mL/hr/kg pag/mL
ELISA 13.513.2 0.77+0.16 71.2+21 70.5+25.2 12.2+41 0.88+0.25 62.8+20.6
LCMS 15.7+20 0.64+0.08 60.3+8.9 71.4+23.4 12.6+2.3 0.82+0.16 68.0+8.8
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One:major-drawback
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Method ' workflow:w (PSAQ)
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Strategies- < for- IS labeling

TiGiPiFiDIiTi Wi Gi Qi GiTiLiViTiViSiSiAiSiTiK

13C,, ¥®N-Threonine
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ESI-MS TOF- spectra = of lightt and! heavy

chains

light chain [Da]

heavy chain [Da]

non-labeled mAb

23643.26

49737.08

number of threonines

17 threonines

33 threonines

labeled threonine

mass difference per 4.96 4.96
isotope-labeled threonine
mass increase of mAb by 84.32 163.68

isotope-labeled mAb 23727.58 49900.76
10 A 23643.9 1.00e4 10 B 49738.0 8.06e3
H o m o

oA mass 0 AT e ags

23600 23800 49600 49800 50000

100 5 23727.0 L4de4 100 49900.1 1.04e4
| =) m o

O aae00 | 2as00 ™S5 O iggoo agBoo so000 | ™SS
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LC -optimization

Condition 1 Condition 2

AGILENT ZORBAX ECLIPSE XDB-Cq4 ACE3 Cy4
Column

2.1x507 3.5um 4.6 x15071 3.0um

Flow rate (mL/min) 0.5 1
Gradient 10% 95% B in 760 30% 95% B in 76
LC run time (min) 10

10

STD @ 50 pg/mL mAb

- [T = e
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Assay selectivity
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Accuracy-and precision:data

Concentration (png/mL) .00 15.0 500 730
) ) ) <)
Intra-runl CV (%) 16.4 9.17 8.29 2.35
Intrarunl Bias (%) 5.56 0.05 -8.48 -4.81
) ) ) )
Intra-run2 CV (%) 17.2 12.8 6.54 7.51
Intra-run2 Bias (%) 8.41 5.16 -8.21 -10.3
10 10 10 10
Inter-run CV (%) 15.9 10.9 6.87 6.01
Inter-run Bias (%) 6.99 2.61 -8.33 -71.57
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PK study results: LL.C -MS/MS: vs: ELISA

Administration : subcutaneous
Dose: 150 mg/kg

10001 :
_En Species: marmoset
= 100
[
i)
8 101
§ - LC-MS/MS
c 1 R
9 J ——ELISA
<
E 0 ' ' ‘ ‘ ‘
0 200 400 600 800 1000
Time (h)
Parameters Units ELISA LC-MS/MS
Dose mg/kg 150 150
Tmax h 48t0 72 24
Crmax Hg/mL 553 906
Cmaxd/Dose (ug/m) 3.69 6.04
AUC ug™rosrs/ml 113502 Jorids
AUC/dose (ng*hours/mL)/(mg/kg) 757 1210
AUC interval h 0-1008 0-1008
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Where:de we lose-our mAbm A b

Digestion: 30%
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Recommendation

sample clean-up

!

UPLG MS/MS
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Assay development time andthroughput

Assay development

Peptide selection

LC-MS/MS optimization >— 1 week

Sample cleanup optimization Development time
Preliminary validation - 1 week 2 weeks

Work Flow --- 96-well plate format

Serum sample
+
S addiion > DPav1

Analysis time 1 batch

l : 2 days
Trypsin Digest Over night

!
Sample cleanup — Day 2

}

LC-MS/MS analysis Over night, 6-10 min/sample
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Serial Approach: 1. ELISA{2.1.C

-MS/MS

based on ELISA PK/TK

N | j===-===—======-=------- NIBR:LC-MS/MS (total mAb)
| |
B | 1 Development and Short Validation
R |
|
I
1
CSP | Candidates with desired PK profile after single dose
’ /
|
|
I
SE : BMD:ELISA (active mAD) BMD:Biacore ADA screening
|
'—F? ! Development and Full Validation Development and Full Validation
|
i | | ! |
T | Repeat dose: expected t;, short\tl,2 % nggative % positive
e Y |
: LC-MS data required Validity of tox study ?
! l Neutralizing potential
|
|

L _Fullvalidaton ____ " bMPK/BA:LC-MS (total mAb)
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SWOT Analysis

Quicker assay development Sensibility to be improved

Good accuracy and precision Choice of the signature peptide
Multi-mAbs quantification Choice of the internal standard
Comparable throughput to small molecule The trypsin digestion time
Generic approach (smart IS) Measurement of free or total mAb?

Applicable to several species
Applicability to other fields

Speed up mAbs candidate selection New approach only little background
Expertise available in DMPK Validation and authorities acceptance
Participation in the MS working groups | '

Visibility inside and outside Novartis methocls
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