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1.The need for a novel Technology for
Protein Conformational Analysis?




Novel Therapeutic Mab Development: The Market*.

First approved therapeutic monoclonal antibody product in 1986 (Orthoclone, Kidney Disease)
By November 10, 2014, 47 monoclonal antibody with EU/USA Clearance.
At current approval rates by 2020 70 expected with a cap of $125bn

* Ecker et al, The Theraputic Monoclonal Antibody Market. mAbs 7:1, 9--14; January/February 2015;
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Figure 1. Arrual approvals of monoclonal antibody products™? The
rurnber of monoclonal antibody products first approved for commercial
sale in the US or Europe each year since 1982 is shown. The totals
include all monoclonal antibody and antibody-related products. Prod-
uets approved but subsequently remowved from the market are denoted
in Blueg products currently marketed are denoted in green. 2014 total is
as of Novermnber 10, 2014,
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Figure 2, Sales of hiopharmaceutical products by product type. Total annual sales of biopharmaceuti-
cal products are shown as a function of product type. Note that recombinant proteins produced by
microbial fermentation include recombinant human insulin products which represent nearly 50% of
the sales and >90% of the material produced in this category.




Big Pharma Example: Eli Lilly Pipeline https://www.lilly.com/discovery/pipeline Sﬁ a?:

REGULATORY REVIEW wininize Portfolo () PHASE 2 Minimize Portfolio (%) PHASE 1

P HASE 3 Minimize Portfolio

Baricitinib
systemic Lupus erythematosus.

BTK Inhibitor
rheumatoid arthritis

Baricitinib
atopic dermatitis

Immunology
Small Molecule
New Indication

Ixekizumab

* Of the 53 therapeutic targets at Phase 1 or better,

* 21 are therapeutic antibodies
* 2 Mabs cover 6 indications (Tanezumab, Mirkizumab)




Table 1. Marketed therapeutic monoconal antibody products

Approved Therapeutic Mabs to 2015

Original Company

BLA/MAA Reporting EU Year of First 2013
Brand name (INN}) Applicant Sales Approval Global Sales ($M)®

—_

Abthrax (raxibacurmak) Hurman Genome Sciences N/AR 2012 23
Actemra (tociizumat) Roche Roche 2009 1119 « Most of these are novel Mabs.
Adeetris® (bremtuximaly ved otin) Seattle Geretics Takeda Pharmaceutical Co. 201 253
Alprollx® (Factor 1X Fe fusion protein) Biogen ldee A 2014 Mon® : : H :
Arcalyst’ (rlonacept) Regeneron Pharmaceuticals MWAA 2008 17 ¢ H owever bIOSI mi Ia rs are Sta rtl ng to
Arzerra (ofatumumaly) GlaxosmithKline GlaxosmithKline 2009 17
Avastin (bavacizumaly) Genentach Roche 2004 6,748 be a p p roved -
Berilysta (belimumaks) Hurnan Gerome Scierces GlaxosmithiKline 2011 228
Cimzia® {certalizumab pegol) UCB UCB 2008 789 —  FDA approved 1st full Iength mADb
Cyrameza (ramucirumals) Eli Lilly arnd Co. MAA 2014 H H H H
Eloctate™ (Factor VIl Fe fusion proteim) Biogen |dee MAA 2014 N ak® bIOSI mi Ia rin 20 1 6 .
Enbrel' (etanercept) IPrirmiu fes Plizer 8,325 .
Entyvio vedolizumaly) Takeda Pharmaceuticals USA, Inc Takeda Pharmaceutical Co Nof® ° E MA a p p rova I was in 2 O 1 3 .
Erbaitux {ecetuximaly) ImClone Systerms Werek 2004 1,826
Eylea’ (sflibercept) Regereron Pharmaceuticals care Pharmaceuticals 2011 1,851
Gazyva {obinutuzumak) Genentech Roachea 2013 3
Herceptin (trastuzumaly) Genen Roche 1008 6,559
Hurmira (adalimumak) ott Laboratories Abbie 2002 10,659
llaris {canakinumals) Mowartis Pharmaceuticals Mowvartis Pharmaceuticals 2009 119
Inflactra® ' Ginflidmals (biosimilar]] Hospira Hospira 2013 =M
Kadeyla™ (ado-trastuzumaly emtansine) Gerentech Roche 2013 252 S
Keytruda (pembrolizumals) Merek & Co. MAA 2014 =
Lermitrada {al erntuzumials) Gerzyme Therapeutics Sarof 2013 3
Lucentis® (ranibizumals) Genentech Novartis Pharmaceuticals 2006 4,205
MplateP {romiplostim) Amgen Amgan 2008 A27
Mulajix® (balatacept) Bristal-Myers Squikh Bristol-Kyers Squibb 3011 26
Orencia” {abatacept] Bristol-Myers Squikb Bristol-Kyers Sguibh 2005 1,444
Perjeta(pertuzamaky) Genentech Roche 2012 352
Prolia® (denasumab) Armigen Glaxosmith Kline 2011 824
Rermicade (infliximals) Centocor Mlerck & Co. 1008 8,044
Removak! (catumaxomab) Fresenius Biotech MeoPharm Group 009 5
Remsima® ' (inflixdmals [biosimilar]) Celltrion Calltrion 2013 1™
ReoP o™ (abeiximak) Centocor MAA 1004 127
Rituxan {rituxirmak) Genentech Roche 1907 7,500
Simponi/ Simponi Aria (golimurmaly) Centocor Qrtho Biotech Werck & Co. 000 1,432
Sirmulect (hasilixirmals) Movartis Pharmaceuticals Mavartis Phartma couticals 1008 30*
Soliris (eculizumals) Alexion Pharmaceuticals Alexion Pharnaceuticals 007 1,551
Stelara (ustekinumal) Janssen-Cilag International Jahmson & Johnson 2009 1,504
Sylvant (siltuximals) Janssen Biotech Johrson & Jobnson 014 MoRE ) /
Synagis (palivizuma k) Abbyott Laboratories Abbvie 1008 1,887 \ N /0 9
Tysabri (natalizumaly) Bioger ldec Biogen ldec 004 1,527 ( ‘
Veetibix (panitumumals) Amgen Amgen 2006 380 _ -
Kgeva® (denosurmaly) Armigen Amgen 2010 1,030



Therapeutic Mab Work Flow

Protein Journey .. Totality of Evidence”

R=Protein Concentration

Originator Mab 'Structural Analytics Sample Analysis ;
- . e CD Spectrum Nonclinical ) !
DISCOVEI‘V-N(-)I‘I MFG Cell Line* i . Size Exclusion Chromatography (SEC) onc ca i
Stable Cell Line Cell Li D | t i . Analytical Ultracentrifugation (AUC) PK R= i
€ Ineé bevelopmen } ‘ e Non-denaturing Electrophoresis PD L Safety/Efficacy !

Biosimilar Media Optimization Lo Hydrogen/deuterium exchange (HDX) i
S \ | e '\\“V'R | Clinical Safety i
! Y Immunogenicity

R=Similarity to Reference

* Cell Line.

«  Work with a well established cell line (avoid
Allotypic variation)

Manufacturing Upscale (Downstream)
Cellculture proc ess

« Optimize media to avoid changes in — D+/E\+D D+ E—— .

Glycosylation.
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Purification process

Figure 1. Cverview of the manufacturing process of a biologic in a mammalian call culture system. The manufacturing process
consists of & cell culture process and a purification process. The cell culture process is initiated by expansion of a single vial of cell stock
o culure flask, after which it is sequentially subcultured to larger bioreactors. In this process, optimized cell culture conditions such as
Temperature, agitation rate, csmolality, pH, concentration of CC: and glucose concentration are tightly maintained, as these conditions

Th is may be a p p I ied to thera peutic protei n L are critical to the quality of biclogics. The supernatants are harvested and further purified through several steps of chromatography, filtra-

tion and viral inactivation in the purification process, which alse have potential to influence the quality of biclogic.
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The Problem: MArraandge

% ﬁ Quality Considerations in Demonstrating Biosimilarity of a Therapeutic Protein
r Product to a Reference Product. Guidance for Industry. FDA, April 2015.

“"The three dimensional conformation of a protein is an important factor in its biological
function. Protein generally exhibit complex three-dimensional conformations (tertiary
structure and, in some cases, quaternary structure) due to their large size and the rotational
characteristics of protein alpha carbons. The resulting flexibility enables dynamic, but subtle,
changes in protein conformation over time, some of which may be absolutely required for

functional activity.” “...... at the same time, a protein’s three-dimensional conformation can
often be difficult to define precisely using current physiochemical analytical technology.”




Current Technologies for Conformational Analysis W ArrayBridge

HOS Technologies

Principle

Pros

Cons

CcD

Peptide bond and aromatic amino acid
environment

Easy to use, low cost

Low sensitivity, average of the whole
measured population.

FTIR Peptide bonds Easy to use, low cost Low sensitivity, average of the whole
measured population.
PCA Epitope recognition by antibodies. Easy to use, cGMP friendly, systematic, New to the market. Intermediate cost
high sensitivity and throughput. level.

HDX-MS Hydrogen-Deuterium exchange in the High resolution, well-established High cost, needs special instrument and
amide group of protein surface applications. training, low throughput.

HRF-MS Free radical labeling of protein surface High resolution. High cost, needs special instrument and
hydroxyl groups training, low throughput.

Bioassay Target recognition Well-established. cGMP friendly. Low resolution

X-Ray Atom diffraction High resolution. High cost, Low throughput, not suitable

for routine testing.

Aggregate and multimer light scattering

Low cost, well-established.

Low sensitivity, average of the whole
measured population.

Nuclei spin and charge

High resolution, well-established.

Low throughput, needs special instrument
and training. High cost. For small
proteins.

Fluorescence

Aromatic amino acid environment

Low cost, well-established.

Low sensitivity, average of the
measured population.
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2. Technology Development
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PCA Technology Covers the Whole mAb ArrayBridge

Antibodies to Light Chain (Ab1-Ab6, Ab13-Ab17)

!\ YD)
y &

Polyclonal Antibodies (Pab) are raised against
30 amino acid peptides from the amino acid
sequence of target therapeutic Mab.

30aa epitope
H Individual peptides to raise
S— ! Polyclonal antibodies. Antibodies to Heavy Chain Fab Antibodies to Heavy Chain Fab
I (Ab7-Ab12, Ab18-Ab22) | a - I (Ab7-Ab12, Ab18-Ab22)
|
5aa Overlap e || lll
mAb Amino Acid Sequence B | I e—=
Antibodiesto Heavy Chain CH2 i 1 |
and CH3(Ab23-Ab34) I Antibodies to Heavy Chain CH2
- Selected Pab’s are used to create an array against | H3 ~ andCH3(Ab23-Ab34)
the structure of the Mab. With a reference molecule I I | |
roviding a figerprint of the properly folded Mab. DRtRC008 of B 4 Aathodwes
P g g P P P y In the Antibody Array

Distribution of the 34 pAb: pAb 1-12 (variable region);
pAb 13-34 (constant region)

— N A




PCA ELISA’s

The initial product offering consist of Sandwich ELISA based arrays, allowing the generation of unique

therapeutic Mab signatures.

Streptavidin

HN NH Horse Radish

Oxidized TMB
Antibody

\

\ Therapeutic
Protein

Anti-peptide

Peroxidase

Biotinylated

Anti-human IgG

Antibody

=
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W Avastin

W Campath

m Erbitux

M Herceptin

H Humira

M Rituxan

M Synagis

Ab1

Ab2

Ab3

Ab4 Ab5 Ab6 Ab7 Ab8 Ab9

Variable Region Antibodies

Ab10

Ab11
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Protein Conformational Array (PCA): A Multifaceted “Fingerprint-like”

Analytical Technology for Biosimilarity Evaluation

Attributes PCA ELISA Sensitivity Molecular

Monitored Detection Resolution

Temperature Stress | Yes 0.1% (5 ng Epitope-based,
impurityin 5 pg 3-6 Amino Acids
testing sample)

Low pH Yes High Epitopes

High pH Yes High Epitopes

Oxidation Yes High Epitopes

Glycosylation Yes High Epitopes

Aggregation Yes High Epitopes

Bioassay Difference | Yes High Epitopes

Light Stress Yes High Epitopes




Case study: Correlation Between Conformation and Bioassay in @A'rrayBridge
Stability Testing (Novel mADb)

The most significant difference in the variable region was seen at Ab6 suggesting a correlation
between this site and the decrease in bioactivity ( the more unfolding the higher the signal)

1.300

1.100

mStd ®MablControl = Mab1 Stressed

0.900

0.700

0.500

0.300

Ab6 is close to light chain
CDR3 22% Bioassay Activity
Decrease

0.100 -

— o m <t Ll [{s] M~ 2] ()] [=] — o~
=] (=] [=a] aa] =] m [=a] m [=a] — — —
< < < < < < < < < ] =] =]

< < <
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Case study: Correlation Between Conformation and Bioassay in Stability
Testing (Novel mAb) continued.

FcyRllla binding result: 64% Decrease

1,300 1.300
| Std | Std

1.100 H Mab1 Control 1.100 B Mab1 Control
= Mab1 Stressed

= Mab1 Stressed
0.900

0.900

Major Conformational Changes

0700 around the Glycosylation Site.

0.700

0.500 -

0.500

0.300

0.300

0.100 - 0.100 -

AB13 AB14 AB15 AB16 AB17 AB18 AB19 AB20 AB21 AB22 AB23 AB24  AB25 AB26 AB27 AB28 AB29 AB30 AB3l
-0.100 -0.100

Ab15,16: LC Hinge Region; Ab17,18:HC, Fv-Fc domain M
Ab24: HC Hinge Region.; Ab25: HC Glycosylation Site.




Sensitivity: Spiking with 8M Urea-treated mAb

As low as 0.05% epitope exposure can be detected and quantified

MFI (Median Fluorescence Intensity)

100000

10000

1000

8M Urea-RTX
ug/mL % Spiked
0 0
0.02 0.05%
0.04 0.10%
0.08 0.20%
0.20 0.50%
0.40 1%
i 0.80 2%
. 1.60 4%
:
0.01 0.10 1.00 10.00
ug/mL of 8M Urea-treated RTX (in 40 ug/mL Untreated-RTX)
—e—pAbl —e—pAb2 —e—pAb3 pAbd —e—pAb5 —e—pAb6 —e—pAb7
—e—pAb8 —e—pAb9 —e—pAbl0 —e—pAbll —e—pAbl2 —e—pAbl3 —e—pAbl4d
pAb15 pAbl6é —e—pAbl7 —e—pAbl8 —e—pAbl9 —e—pAb20 —e—pAb21
—o—pAb22 —e—pAb23 —e—pAb24 pAb25 pAbh26 pAbh27 pAb28
—e—pAb29 pAb30 —e—pAb31 -—e—pAb32 -—e—pAb33 —e—pAb34
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Currently

available assays.

InnoBridge is
designed

for novel mAb
Development.

mAb Name Trade Name Composition I[gG Class Sales
(S billions)
Bevacizumab Avastin Humanized mAb I[gGl1 7.0
Cetuximab Erbitux Humanized mAb I[gG1 2.3
Alemtuzumab Campath Humanized mAb IgGl 0.7
Rituximab Rituxan Chimeric mAb I[eG1 8.6
Adalimumab Humira Human mAb IgGl1l 16.1
Trastuzumab Herceptin Humanized mAb [gGl 6.9
Palivizumab Synagis Humanized mAb IgG1 0.5
Infliximab Remicade Chimeric mAb I[gGl 10.2
Etanercept Enbrel Fc Fusion Protein IgG Fusion 9.1
Erythropoietin EPO Human protein Non-mAb 3.4
Pegfilgrastim Neulasta Human protein Non-mAb 4.6
Denosumab Prolia Human mAb I[gG2 3.0
Ranibizumab Lucentis Humanized mAb IgG1 Fab 4.3
Golimumab Simponi Human mAb IgGl 2.9
Ustekinumab Stelara Human mAb IgG1l 2.5
Aflibercept Eylea VEGFR-1-Fc IgG Fusion 5.9
Fusion Protein
Somatropin Genotropin Human Growth Non-mAb 5.2

elc.

Hormone
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CT-P13 Infliximab BioSimilar*: PCA used in an FDA Submission. ggsumon

" oure B Antibody Array Oata Showing Epitopes Exposed by 7 Lotz each of L5 Remiads, CT-F13,
arnd EURemicade Eirg 2 Polcloral Sam

2.4 IRARIMOGEMICITY RESULTS

241 Antibody Aray Stody O US Remicade B CT-P13 O EU Remicade

Antibody array technology or Protein Conformational Amay (FCA) & a technique for @mparnng 11 Light Chaim Heavy Chain

structural differences among similar molecules such & monoclonal Antibodies (mAb). The ELISA consists A450 0.5 - |EDR1||EDM|[ED“| | r |GDR1| FER2| |mm| ]
of a pool of 24 pAbs, each mEed agairst ashort seegment ofthe linearmAb peptide sequence. Together, 0 _-m_-_-_-_-_-_._l_.
this owerlapping series of peptides covers the entire peptide sequence of the mAb and were the mAb to Ab1 Ab2 Ab3 Ab4 Ab5 AbE AbY AbBE AbS Ab10 Ab11 Ab12
extt in a linear or denatured state, each of the 34 pAbs would give astrone signal in the ELISA. W ith a 3 1 Light Chain Heavy Chaln

correctly folded mAb, most of the epitopes are buried and are not stronegly remsnized by the pAbs. AdSD 24" I I HIHEEME,L“
Difference in intensity of the responses for each pAb reflects the exposure of the epitope Ab detects. 11

This technique showed CT-F13, E Remicade, and US Remicade were consistent with resard to epitope 0 Ab13 Ab14 Ab15 Ab16 Ab17 Ab1B Ab19 Ab20 Ab21 Ab22 Ab23
exposure and hieher order structure (Figsure 54, One batch of U3 Remicade [(CIMPA016P1) s howed q - Moy chain

devigtions gt some epitopes around the hinge rexion and in the overlapping region of 254275 3a and ! lﬂl:ﬂ:u:’ﬂﬂ'%n sita |

Ad50 0.5 -
272-292 aa of the HC, suggestings licht unfolding inths region. 4-—‘,—.,—.—_,—-,—‘,—-,—*—-,—-
o4

AbZd4 Ab25 AbZ6 Ab2T Ab2ZE Ab29 Ab3I0 Ab31 Ab3Z Ab3I3 Ab3d4
* Notes differences between US & EU Remicade €D R: € phe e nta ity chete rining region

production and CT-P13. HOS similarity between CT-P13 (Biosimilar) and its originator

manufactured in the EU & USA.

*CT-P13 (infliximab biosimilar) BRIEFING DOCUMENT FOR THE ARTHRITIS ADVISORY
COMMITTEE, MEETING DATE: February 9, 2016.

FDA Advisory Committee Briefing Document, February 9, 2016, Page 1 of 349 (pg179) M
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Potential Applications for PCA Technology WAnaybridge

Biosimilar as well as Novel mADb
Development

Cell Line Selection

Process Development

Formulation Development
Comparability Studies

Product Characterization

An Easy and Accurate ID Test
Antibody-Drug Conjugates (ADCs)




mrayBridge
Herceptin without Heat Treatment (55°C Overnight)

OD 450 nm

14

Fv LC-Constant HC-Constant
— 1

12

=4=_0t-1

=f=[ot-2

=i=Lot-3

e | -4

sfe=| 0-5

=0=Lot-6

O M A DD ON DD DDA D D
PPIFPITIPRI PPN YD
D S S S N S A S

34-PCA Antibody Panel i © i



mrayBridge
Herceptin with Heat Treatment (55°C Overnight)

OD 450 nm

Fv LC-Constant HC-Constant

| ——Lot-1
\ \ y B0t
'\\' " —lot3
f\&‘ —=|0t4

\ Ef-// \\'/ ——=Lot5

= - ~-Lot6

SN NG b b QA 9 Y A WD
FIPTEE PP

SN I R A A I I AN A A A BT AR A
Y@ QY o V& & oo o S @@ P
NN NN 07 307 07 07 207 0 07 97 07 07 P

AR R

34-PCA Antibody Panel P



®A?ray8ridge

Herceptin with and without Heat Treatment

OD 450 nm

Fv LC-Constant HC-Constant
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HOS Stability Profiles of 7 Marketed mAbs
Each mAb has a unique HOS profile

OD 450 nm
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3. Developing PCA : from ELISA to xMAP.
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RituBridge to RituPlex Example WArrayBridge
Multiplex: a 34-plex = a 12-plex + a 22-plex

Rituximab: 34-plex O/N assay)

25000
20000
15000
10000
- H} H‘ ’ |H ‘“ ’“ ‘| } ‘| |“ m
0 {1 4] [ e ] et ‘l i Hl ||| ....... m . -~ “_.mm P | W ] m ol byl ._. |“ ‘H : P -
v‘-“"x \@' \Pﬂ’ $°“ \tpﬁ \%& ?';\ \P% v ¥ F P & \5& o{\ B s S S . n'{\ 6'9 6'?
q q q Q q Q q q T F \p'c» F & & & & & & & & & & & & & & & & &
<
O WO 0 0 MWcontrol Mcontrol Mcontrol Mcontrol Moxidized Moxidized Woxidized M oxidized 55C 55C 55C 55C MpH3 pH3 ®WpH3 WpH3 MWpHI.5S MpHS.5 MpHS.5 MWpHS.5
Rituximab: 12-plex (O/N assay) Rituximab: 22-plex O/N assay)
<000 25000
20000 20000
15000 15000
10000
3°°° ‘ H‘ AF |
0 L LRI Qe S ||| " _| 5000 | " ‘
N T\ W S S S S ¥ BN R e ORI IO B 1 | P | | —IL H\ : -
S U L ‘@ & ga" o
< < Q < < < < < < Q ’\ Q pAb13 pAbl4 pAb15 pAbl6 pAb17 pAblS pAb1S pAb20 pAb21 pAb22 pAb23 pAb24 pAb25 pAb26 pAb27 pAb28 pAb29 pAb30 pAb31 pAb32 pAb33 pAb34
o Q a Scontrol  Econtrol  Wcontrol W 8 trol M oxidized mo mo 0 0 o control u control u control u control m oxidized B oxidized W oxidized W oxidized
Boxidized MWoxidized Moxidized M55C 55C 55C 55C HpH3 sse cep cee st 3 oH3 upH3 mpH3 — = pHIS WpHIS mpHoS

« Multiplex can be formatted as either a 34-plex or a 12-plex + a
22-plex

« MFI (Median Fluorescence Intensity) data from background (no sample), control
(not-treated rituximab), oxidized, 55C, pH3, pH9.5 -treated rituximab M




ELISA vs. Multiplex: Control vs. Oxidized Rituximab
ELISA’s

3

2.5

M ““||“I||‘| I ||||‘||“‘“““|||l||||‘|“I||||||I|
N Hunhi I niindl
1 2 3 4 5 6 7 8 9
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ELISA to Multiplex a Comparison 2: Rituximab Reference vs.
Biosimilar.

ELISA vs. Multiplex: pAb 1-12 (Variable Regions)

ELISA Plate-1

Biosimilar RituBridge ELISA: pAb 1-12

1.60
1.20
o
D 0.80
<
|II| IIII i
pAbl pAb2 pAb3 pAb4d pAbS5 pAb6 pAb7 pAbS pAb9 pAle pAbll pAb12
M Biosimilar 1 ™ Biosimilar 2 ™ Biosimilar3 ®mUS-1 ®mUS-2 mUS-3 - EU-2
Multiplex
Rituximab HOS 34-plex Panel: pAb 1 -12
400
300
E 200
e s 1A 11 11111 Mo o o

pAbl pAb2 pAb3 pAb4 pAb5 pAbb6 pAb7 pAb8 pAb9 pAb10 pAbl1l pAb12
M Biosimilar-1 M Biosimilar-2 ™ Biosimilar-3 ®US-1 ®mUS-2 mUS-3 - EU-2 EU-3
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ELISA to Multiplex: pAb 13-23 (Constant Regions-1) WaAnaysridge

ELISA Plate-2

Biosimilar RituBridge ELISA: pAb 13-23
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ELISA to Multiplex: pAb 24-34 (Constant Regions-2)

ELISA Plate-3

Biosimilar RituBridge ELISA: pAb 24-34

1.60
1.20
A
2 0.80
<
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Rituximan HOS 34-plex Panel: pAb 24 -34
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Monoclonal antibody higher order structure analysis by high throughput protein

conformational array BfiStOl-MyerS S(]Ulbb

Yuanli Song (), Begiang Yu 12, Mukesh Mayam’f, Nesredin Mussa, and Zheng Jian Li

Biolagics Pracess Development, Bristol-Myers Squibb, 38 Jackson Raad, Devens, WA, USA

ABSTRACT
The elucidation of antibody higher order structure (HOS) is critical in therapeutic antibody development. Since HOS determines the
protein bioactivity and chemo-physical properties, this knowledge can help to ensure that the safety and efficacy attributes are not
compromised. Protein conformational array (PCA) is a novel method for determining the HOS of monoclonal antibodies. Previously, we
successfully utilized an enzymelinked immunosorbent assay (ELISA)-based PCA along with other bioanalytical tools to elucidate the
structures of antibody aggregates. In this study, applying a new multiplex-based PCA with 48-fold higher throughput than the ELISA-
based one

. The PCA analysis of antibody molecules clearly demonstrated significant differences between IgG1
and 1gG4 subclasses in epitope exposure and folding status. Furthermore, we applied small angle X-ray scattering to decipher
mechanistic insights of PCA technology and validate structural information obtained using PCA. These findings enhance our
fundamental understanding of mAbs’ HOS in general. The PCA analysis of antibody samples from various processing conditions
also revealed that antibody aggregation caused significantly higher exposure of antibody epitopes, which potentially led to a
“foreign” molecule that could cause immunogenicity.

. Our study demonstrated that high

throughput PCA is a suitable method for HOS analysis in the discovery and development of therapeutic antibodies.

*Monoclonal antibody higher order structure analysis by high throughput protein conformational array. Y.Song et al, MABS ";‘ A8
2018 Jan 9, 1-9. ‘Al




Process applications highlighted within MABS publication.
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Figure 14: (Fig 5)(A) PCA data of mAb5 samples from upstream process development. Samples were collected during the
cell culture on Day H-6, H-4, H-2, and H as labeled (Day H is the harvest day). The error bar is the standard deviation from
two repeats. (B) PCA data of mAb5 samples from downstream process. Samples collected include ProteinA Elution (PAE),
Virus Inactivation (VI), Cation Exchange Elution (CEX), and Anion Exchange Flow-through (AEX). The error bar is the

standard deviation from two repeats.

we revealed structural differences between different antibody molecules and antibody structure changes affected by
various processing conditions
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ELISA to xMAP: Summary

« We developed a multiplex panel for HOS analysis of rituximab biosimilar. All 34 pAb can be run
simultaneously in a single well.

« The multiplex vs. ELISA side-by-side studies demonstrated a similar data profile.

« 8 M urea treated mAb (unfolded mADb so that linear epitopes become easily accessible) can be
used to estimate the extent of epitope exposure in native samples.

« The multiplex assay has the advantages over ELISA on very little sample, little hands-on time,

very fast, high precision, and wider dynamic range.

2-3 Samples per Kit. 40+Samples per Kit.

3 plates with in the Each well contains the full array.
product create the array

The assays original ELISA format allows for a low barrier to the technologies utilization.

Higher volumes of samples produced through the process development phases dictate a n @
‘move to a higher throughput format is required for which we will use the Luminex® xMAP (&/‘
platform.
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4. The Immunogenicity and Higher
Order Structure Correlation Study
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Studies Demonstrating the Importance of 3-D Structure and Its WanayBridge
Stability for Immunogenicity

« James LC. et al. 2003. Antibody multispecificity mediated by conformational diversity. Science
299:1362-1367.

« Nobeli, I et al. 2009. Protein promiscuity and its implications for biotechnology. Nature Biotechnology
27(2):157-167.

« Halimi, H et al. 2005. Closed and open conformations of the lid domain induce different patters of
human pancreatic lipase antigenicity and immunogenicity. Biochim. Biophys. Acta. 1753:247-256.

« So, T. et al. 2001. Contribution of conformational stability of hen lysozyme to induction of type 2 T-
helper immune response. Immunology. 104:259-268.

« Schlellekens, H. 2005. Factors influencing the immunogenicity of therapeutic proteins. Nephrol Dial
Transplant. 20:3-9.

« Laat, B. et al. 2011. Immune responses against domain I of B2-glycoprotein I are driven by
conformational changes. Arthritis & Rheumatism. 63(12)3960-3968.

« Ohhuri, T. et al. 2010. A protein’s conformational stability is an immunologically dominant factor:
evidence that free-energy barriers for protein unfolding limit the immunogenicity of foreign proteins. J.
Immunology. 185:4199-4205.

« Sharma, B. 2007. Immunogenicity of therapeutic proteins. Part 1: Impact of product handling.
Biotechnology Advances. 25:310-317.

 Porter, S. 2001. Human immune response to recombinant human proteins. J. Pharmaceutical Sciences.

90(1):1-11.
« Kromminga, A. et al. 2005. Antibodies against erythropoietin and other protein-based therapeutics.
Ann. N.Y. Acad. Sci. 1050:257-265. M



Consequences of anti-drug antibodies

Loss of efficacy
Insulin
Streptokinase
Staphylokinase
ADA
Calcitonin
Factor VI
Interferon alfa 2
Interferon beta
Interleukin-2
GnRH
TNFR55/1gG1
Denileukin diftitox
HCG
GM-CSF/IL3
Various monoclonals

Enhancement of efficacy
Growth hormone

Neutralization of

endogenous protein
Selel=ily
Megakaryocyte-derived growth
factor (MDGF)

General immune effects
Allergy
Anaphylaxis
Serum sickness, etc

None
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- . - @A’rra Bridge
Cytokine Release Experimental Design TS

1. 3 antibodies used: IgGs from human plasma; Herceptin, Rituxan.

2. 6 different conditions tested: no treatment; 8 M urea-induced unfolding; Heat treatment;
Oxidation; Higher pH (pH 9.5); Lower pH (pH3).

3. Three antibody levels tested: 100 pg/mL; 10 pg/mL; 1 pg/mL (mimic the levels in the
human blood during actual treatment).

4. Positive and negative controls: PBS will be used as the negative control to determine
assay background and base-line cytokine levels, LPS stimulation will be used as a positive
control for measuring cytokine release. Urea (screen at 3 different concentrations) will be
tested as the vehicle control for urea-induced unfolding.

5. Plasma samples from the whole blood incubation are analyzed with HSTCMAG384-PX21
High Sensitivity Human Cytokine Assay kit from MilliporeSigma (measuring 21 cytokines
simultaneously) on a Luminex FlexMap3D Analyzer.

6. Human Whole Blood Cytokine Release Test (n=5) (Preliminary analysis of 11 selective
cytokines from the 21 cytokines measured)

\ N ]
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HOS Changes from Serum-derived Human IgGs Under

Different Stress Conditions

Human IgG

A450
I

Control
High pH
Low pH
Oxidation
55C

Urea

0 ] 0 o O

B

QQQQQQQQQQQQQQQQQQQQQQQQQ
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The HOS of Human serum-derived IgGs are stable in high pH (pH9.5) and oxidation,
Changes at different region with low pH (pH 3.0) and heat treatment (55°C, O/N)

‘ There is general unfolding in 8 M urea but refolding is fast.
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Human Whole Blood Cytokine Release with IgGs Purified from
Human Serum

16000

14000

12000

10000

Cytokine (pg/mL)
=
=

=
=3

4000

0

=

Cytokine Release (ave of 5 donors): PBS, LPS, Urea, and Human IgG-treated (plate 1]

RITAC WFractalkine WIFNy ®I-10 WMIP3o WIL-1p mIL6 WIL-8 WMIPLo MMIPLE MTNFo

Urea
unfolding

\i . “||\||. R

Heat
treatment

Rl

LS 100ng/ml  LPS 10ng/ml Urea IM Urea02M Urea002M  Humanlgl100  Humanig610  HumanlgGl  HumanlgG100  HumanlgGl0  Humanlg6l  Humanlg100 HumanlgG100 HumanlgG100 HumanigG100  HumenlgG10  HumanlgGl0  HumanlgG10  HumanlgG10
ig/ml. ng/ml Jigfml Jigfml, M Urea yigfmL, 0.IM Urez pg/ml, 0.02M Urea  pg/mibeat  pg/ml, Oxidation ygfml,pH30  pg/mLpH9S  pg/mlHeat  ugfml, Oxidation pg/ml,pH30  pg/ml, pHOS

NB: Only 11 of the 21 cytokines measured was shown here.
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AT
HOS Changes from Rituxan Under Different Stress Conditions WAnayBridge

4
MabThera H - Control
| Untreated Rituxan High pH
3 Already has
significant B LowpH
Epitope exposure.
N Oxidation
D
s 2 ; B s5c
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The HOS Changes at different region with high and low pH (pH 9.5 and 3.0
respectively), oxidation and heat treatment (55°C, O/N). There is general M

‘unfolding in 8 M urea and refolding is slow.
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Herceptin and Rituxan Light Chain Comparison WaArayBridge

Herceptin zu DIQMTQSPSSLSASVGDRVTITERASQDVNT----- AVAWYQOKPGKAPKLLIYSASFLYSGVPSRFSGSRSGTDFTLTISSLOPEDFATYYEOOHY TTPPTFGOGTKVEIKRTVAAPSV
Rituxan  x1 QIVLSQSPAILSASPGEKVIMIERASSSVSY------ MHWYQQKPGSSPKPWIYAPSNLASGVPARFSGSGSGTSYSLTISRVEAEDAATYYCOOWSFNPPTFGAGTKLELKRTVAAPSV
20% 40 00 80~ 100% 120%

Herceptln_zu[%lFPPSDEQLKSGTASVV LLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYA EVTHQGLSSPVTKSF#&GEI 214
Rituxan  x1\FIFPPSDEQLKSGTASVVELLNNFYPREAKVOWKVDNALOSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHOGLS SPVTKSENK--- 210
140* 160* 180* 200%

Herceptin and Rituxan Heavy Chain Comparison

Herceptin Gl zu EVQLVESGGGLVQPGGSLRLSEAASGENIKD--TYIHWVRQAPGKGLEWVARIYPTNGY--TRYADSVKGRFTISADTSKNTAYLOMNSLRAEDTAVYYQSRNG-GDGEFYA--MDYWGQG
Rituxan Gl xi QAYLQQSGAELVRPGASVKMSEKASGYTFTS--YNMHWVKQTPRQGLEWIGAIYPGNGD--TSYNQKFKGKATLIVDKSSSTAYMOLSSLTSEDSAVYFEAR-VVYYSNSYWYFDVWGTG
20% 40* 60* 80* 100* 120%

N
Herceptin Gl zu TLVIVSSASTKEPSVEPLAPSSKSTSGGTAALGELVKDYFPEPVIVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVIVPSSSLGTQTY IGNVNHKPSNTKVDKKYEPP=~KSR-=DKTHT
Rituxan___Gl_xi TTVIVS----- PSVFPLAPSSKSTSGGTAALG LVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYI NVNHKPSNTKVDKKREP---KS@--DKTHT

1 faWa R laVaWaRy laNa¥WaW 20N %
Herceptin_Gl_ u @PPEPAPELLGGPSVELEPPKPKDTLMISRTPEVICVVVDVSHEDPEVKENWYVDGVEVANAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY KVSNKALPAPIEKTISKAKGQE:%
Rituxan Gl ¥i PPRPAPELLGGPSVELFPPKPKDTLMISRTPEVIGVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKGKVSNKALPAPTEKT ISKAKGQPRE
260%* 280* 300% 320* 340% 360*

Herceptin G1 fu PQVYTLPPSRDELTKNQVSLTELVKGEYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFELYSKLTVDKSRWQQGNVESESVMHEALHNHYTQKSLSLSPGK 451
Rituxan Gl yi PQVYTLPPSRDELTKNQVSLTELVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVESESVMHEALENHYTQKSLSLSPCK 447
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Comparison of Herceptin and Rituxan HOS Stability (Different Scale) %wyBridge
Herceptin seems more stable than Rituxan under stress conditions
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Human Whole Blood Cytokine Release with Rituxan Under
Different Stress Conditions

Cytokine Release (5 donors): PBS, LPS, Rituxan (Plate 2)
10000
BITAC Wfractalkine WIFNy RIL10 BMIP3a WIL-15 WIL6 WIL-8 WMIPlo MIP1P BTNFq
9000
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g

Saturation
Of cytokine
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(PS, 100ng/mL 1S, 10ng/ml  Rituxan 100  Rituxan 10 ug/ml R\tuxanlug/mL Ritwan100  Ritwn100  Ritwen 100 Ritwen 100 Rituan 100 Rituxan 10 pg/ml, Rituxan 10 ug/ml, Rituxan 10 ug/mL, Ritwsan 10 ug/ml, Rituxan 10 ug/ml,
ug/ml ig/ml,2MUrea yigfml, Heat  ug/mL, Oxidation yigfml, pH30  ug/ml, pHOS 0.2 MUrea Heat Oxidation pH30 pH95

‘ Only 11 of the 23 cytokines measured was shown here. 43 i © i



30000
Donors 1, 2 and 3
25000 I - LPS 100 ng/mil
= LPS 10 ng/mL
M Rituxan 100 pg/mL, 2 M Urea
20000 = Rituxan 100 pg/mL
m Rituxan 10 pg/mL
m Rituxan 1 pg/mL
15000 = Rituxan 10 pg/mlL, 0.2 M Urea
m Rituxan 100 pg/mL, Heat
= Rituxan 100 pg/mlL, Oxidation
10000 = Rituxan 10 pg/ml, Heat
i Rituxan 10 pug/mL, Oxidation
= Rituxan 100 pg/mL, pH 3.0
5000 W Rituxan 100 pg/mL, pH 9.5
Rituxan 10 pg/mL, pH 2.0
__I l—-__-_I I TR o pasm pr e
o gl [ W e
ITAC Fractalkine MIP3a -1pg - n-s MIP 1ot MIPLE TNFa
8000
7000 = PBRS
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000 = LPS 10 ng/mL
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= Rituxan 1 pg/mL
4000 m Rituxan 10 pg/mL, 0.2 M Urea
= Rituxan 100 pg/mL, Heat
2000 = Rituxan 100 pg/mL, Oxidation
m Rituxan 10 pg/milL, Heat
M Rituxan 10 pg/mL, Oxidation
2000 = Rituxan 100 pg/mlL, pH 3.0
= Rituxan 100 pg/mlL, pH 9.5
1000 Rituxan 10 pg/mL, pH 3.0
= Rituxan 10 pg/mL, pH 9.5
o T ' ' ' ]
IL-6 n-s8 MIP1la MIP1B TNFa
4s00
A000
seoo - pas
- PSS 100 nasmil
= LPS 10 ng/mb
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R = RiItuxan 100 pa/mi, Heat
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= Rituxan 100 pg/ml, pH 9.5
1000 Rituxan 10 palmil, pH 2.0

PP Lo

= RItuxan 10 pa/ ML, pH 9.5
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5. Conclusions W Anaysridge

Antibody arrays were developed against 17 marketed Biologics and one for novel
mADSs.

Each antibody array provides a unique HOS signature for the mADb, reflecting its
surface exposure and extent of exposure.

The antibody array is sensitive, systematic and relatively high throughput.
It correlates well with stability and bioassay data.
It can detect changes that may not be detected with bioassays.

It can be applied to many stages of biologics development, from cell line selection
to product release and also used as an easy and accurate ID test.

The xMAP format offers higher throughput and dynamic range, similar sensitivity
and reduced cost as compared with the ELISA format and successfully applied in
the bioprocess development.
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