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— ~ Keynote : Evolution of Biopharmaceutical Manufacturing for

Novel Biologics

=HAT: Uwe Gottschalk, Chief Technology Officer, Lonza, Switzerland

NEREE:
APRRIA RAEAE A HEE RV (variant) - Bt LAy &4 (15
—HYEE L > FREATEIE FEARIEd  BEFREARHIKES - &
HIRVNFIE R B P - PR TR - RSV S - TEFETE
EE R RASE M E 28 - BRI 28 FERIRE RIS BT
MERR R IUNAR - AN SBUE S F RGN - FEEMRE - T
P Bt B AHRARY 228 - A TR o DISP R A - BPEE
HIRC T A B B - RE A H B SR I I DU E 2 AR A B (AL e
rE o AZCE L ADC(Antibody drug conjugate) fs1 » 8L _ERIHE
B Sy (—). Conjugation BREAVEEAL » (5). AR EEEY)
(aggregate) ° #+e = DAR(drug antibody ratio) * A [ HEFFEL 1.
Higher 1z vitro potency 2.High Hydrophobicity 3. Fast in vivo clearance
4. Low tolerability 5. High aggregation propensity ° £F Conjugation ZIFE
Hy BB Ll oy B B 7R & 8925 pH, protein concentration PAKZ
salt concentration ° [F(EEEEIER T » TNEMH[EFEA] -

— ~ New Advances in Protein Purification Methods for Scale
up of Downstream Process

=FEM: Neha Kothar, Associate Research Scientist, International Vaccine
Institute, Korea

ST
RICHEEPRE SR S A A LRI ZE0] - JEEHEEE A
S ER N — KT - IR R E MR K T i (smallpox
vaccine)Zl| H Fij LAEE R T#2 (genome-based approach) £ # v & ig
(%1 Meningococcus B vaccine) ¥z e HY B e it n] &5 72 H o H 52 -
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—IM = - S A DASE 2R ~ R EE R ~ AHREIE Rl
HEE - MieERF A ERRE RS - RAEE ROt
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POATRRER ~ /o EVEMERIEES - DURIIEZREREGRE - B RLER
75 (B 7570 metal affinity chromatography i %88 FH A & Ay 4l bﬂ%%
i MCATCHEEE R A A smart clarification 2B cell debris » il
H#&Z crossflow filtration ] DU AR FEERY/ N T EIEH #\%EHVSI
FA T [

Smart Clarification

Serving multlple purpose while clarification:

For efficient clarification and recovery Particle size post homogenization
should come down to 120- 150nm (<1500 A )

* Removal of host cell * Washing of cell * Removal of debris
contaminants bound protein o Less load on filtration
o Cell debris * Size based separation process
* High recovery during * Removal of host cell * Efficient clarification
clarification contaminants « Removal of colored
* High recovery during soluble impurities
clarification

Cells Crude Ps

Crossflow filtration Separation based on size

This technology is used before or after most of the purification
steps for concentration , buffer exchange, size based separation and
removal of impurities.

A
a

.:.o: O .‘. .. O)

Solutes (proteins, polysaccharides, nucleic acids etc.) larger than the membrane
pore size are retained in the retentate while the one with low molecular weight
pass into the permeate.
For efficient and reproducible results follow CIP and check
membrane integrity. Also record flux before and after the process @}
ok



= ~ Workshop with PALL LIFE SCIENCES: Single-Use,
Continuous Bioprocessing: Value Proposition and How
to Get Started.

=EM: Rob Noel, Business and New Technologies Development, PALL
Life Sciences, UK
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HYA1 protein A Bl A HARAE S © DA protein A HYEFS = —HR
56L (60cm id x20cm)&Y As3E4: 560,000 7T » 10 5-6L(10 cm id) &Y A3
<& 440,000 7T HR RS HURER R 2ot/ MR AY B 2SR B AL

Bt > LUEFISETRCR o R B AR B A R -

Cadence™ BioSMB Process System \I
— Making Operation Intuitive

Moveable HMI panel

Tapered
analytical flow
path for easy
access

Tubing guides 2
for organization ===

Easy install
i valve cassette

Colored labels
on tubes for
organization

Column cart for column easy mobility/setup




Integration of Technologies
Process Integration— ILC + BioSMB System

Protein A mAb capture performance using Conventional, BioSME and ILC-BioSMB
i ) . Cycke  Specific
Pr Mumber of Binding m‘m".” Initial Mab titer SPTFFVCF  PostilCMab o Productiity HCP Aggregats
Columna Capacity mimL) Time {min)  [mghmL | folt)  conc mgmL) i onpy  LOGTEA) (%)
Canventiznal 1 260 45 20 LT MR 150 10 248
BiaSMB 2 201 0.E 20 LT MR 35 244
ILC-BinSME 7 36.0 0.6 20 i4 70 3 67
— 100 7000 5 "
E 5 | 35 mL Resin
Ch Ae®"0%0 . B som | ot et S i
Em-ll"'"' . E‘mm_?f P A T (7x5 ml
£ 40 I 2000 - - agil 2 E columns)
. T -? giEEER 3 .
g § 2000 yields
E 0 S 1000 4 +Eluta HCP L
£ o : : : o : | mAggrgae | o 2+ g mAb/hr
o 50 100 150 200 (] 50 g 150 2 , ,
1 Time {min) Time {min) Life Sciences

PO ~ New Purification Process Based on Keystone

Contaminant Management

EE: Wei Zhang, Research Scientist, Downstream Processing,

Bioprocessing Technology Institute, Singapore

NERHE:

1E B B4t (L 28F2 T > Chromatin 2 XA F4wE > Protein A 4fi
(LR R i AN AV B PRDTBGIR I (E Protein A EHEfEHT
o FETEHEA protein A Fiif£lR chromatin - SRR ERN A 4l =
#0ek/L > 41 HCP ~ product related impurity ~ & Z1¢15 E4HH2 Y
5 W MVM, MuLV TR &) » I H A LARE T Protein A Jgik
TS - /) Protein A Leachable » AE T 2 BT AT DARE (SRS
IR ©



Dramatically more effective feed stream prep

Contaminant distribution before and after chromatin extraction

Reduction of/by Cent.MicF ChromX
Host proteins nil 50-90%
DNA nil 5-6 logs
Endotoxin nil 2-4 logs
Prod. Rel. impurities nil 50-95%
Aggregates nil 90-99%
MVM nil 5 logs

MuLV nil 9 logs

Turbidity 10-100 NTU 2NTU

IgG recovery 90-95% 85-95%

High viral reduction results from their strong association with chromatin.
It directly enables reducing the number of subsequent chromatography
steps without compromising overall virus reduction.

Virus reduction studies conducted by Charles River Laboratories.

Enhancement of protein A capture

Loaded with non-extracted or chromatin-extracted harvest.

PA perform/post: Cen/mcF ChromX Improvement
Capacity 48 g/L 57 g/L 20%
Recovery 93% 99% 6%
Productivity/cycle 46 g/L 56 g/L 26%
HCP 2000 ppm < 100 ppm 20x

DNA 10 ppm 1 ppb 10,000x
Aggregates 1.7% 0.8% 2x
Leached prot. A 85 ppm 33 ppm 2x
Turbid. post-neutr. 108 NTU 6 NTU 18x

The 24% productivity improvement allows elimination of a process cycle, reduction of purchased
media volume, or higher productivity from a fixed volume of chromatography media.

Experimental data from a prospective Herceptin biosimilar.
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®H H : Practical Cost Reduction Stratgies on Mass Production of Stem
Cell Therapies
Z%HM: Seung Hee Lee Deputy Director, Senior Researcher Kangstem
Biotech, Korea
NEREE:
SRR BRI 5 8 P 2 2 2 T — ELRR AR RE » W] S5 i
B EOE A - e re B = 2 (E AV ARG - AR a4
e N - Far o iR A 2D culture BPE 4R AR EIRE 3D
bioreactor » JEEEETE H&=—FA4aHEIA]H Dynamic bioreactor » 555
BHIGRCE - AT ISR E 5 % - i DAIRRIRRBL TR, 2
BHLE LRI R S - {HZ > 3D dynamic bioreactor E.&ET Jj(stress
shear) » & B 20 AHREAYEF MR - [T AT E HR A AR(MSC) S EE—f%HY CHO
AR ER A AT AR (cancer cell line) ¥ 59 T8RN - #Ui7A T & BB IR
o 540 > B3Ry KSB-3 medium HAHRAEAY A R IR IR — AR E A&
1 (KSB-3 medium #Y doubling time {& 15 /NEF » —f&3EE A A 40 /)N
) o SEAEPIAAT R -

Marketing authorized stem cell therapeutics

Therapeutics Hearti Cartistem Cupistem Neuronata Prochymal Holoclar Tem cell HS
name Cellgram -R inj.
Country Korea Korea Korea Korea Canada EU Japan
‘ -
o g,__.-— ?" - ....
\ s, | =" Wipivest il (o) CORESTEM ., ,lg:)c;a <
\= i e Y — ro— e XN Biotach for  How Tomon
Company Pharmicell Medipost Anterogen Corestem Osiris Chiesi JCR pharma
Farmaceutici
Cell type Auto-BM- Allo-UCB- Auto-AD- Auto-BM- Allo-BM- Auto-cornea Allo-BM-
MSC MSC MSC MSC MSC epithelial MSC
stem cell
Target Acute Cartilage Fistulas in Lou Gehrig's GVHD limbal stem GVHD
disease myocardial defect Crohn’s disease cell
infarction disease deficiency
Orphan X X o o o o o
drug
Approval 2011.07 2012.01 2012.01 2014.08 2012.05 2015.02 2015.
date (conditional) (conditional)
e,
W2 Osteocytes Valentin Jossen et al. 2014 Cells and Biomaterials in Regenerative Medicine
\Y
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B Traditional 2-D vs. Dynamic bioreactors

v' Reliable and well defined v Each cell tvpe rasusi-— gs
v Shear p&D efforts, !
v High n initial set-up

nvestmentst!

v’ Less labor intensive

v : :
v L‘ab?r |n.tenswe - : v Compact production unit
RS (e v Uniform and controllable cell culture

by the available growth surface area R
v’ Difficulties in handling and quality

control v’ Less cell loss
illi v’ Less contamination
v <100 billion cells Y oo

Dynamic systems
- R&D effort/investment

Shear stress -

Static planer system Dynamic system

+

10
§ e

applied to bioreactors

multi-layers

1

=
T-flasks

0.1

Cell characteristics Sustainable Changeable
Expansion Limited Expandable
Labor Labor intensive Less Lahor intensive
10 000
g mtcmmrner
%’ IQ&E’) o R ‘automated multi-layers, -
: S /- S *MSC is relatively more sensitive
= multi-layer bivreactors,
g 4
CI - - PRSI S S than other cell types such as CHO
E comeet fasknand '““'“"“"“'”f cells or Cancer cell lines when
g
F

Ré&D effort/investment
Conceptual illustration of a technology S-curve showing the
evolution of expansion technologies used in cell therapy
Mféﬁﬁklﬁﬂﬁ Advances in cell culture: anchorage dependence. Phil. Trans. R. Soc. B 370: 20740040.
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Culture media

v' Relatively low cost, growth effective and well defined media

KSB-3 Compl General Medi
Medium®

- Growth rate

¢ 50
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240 Multipotency
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Clonogenecity

neral Medium KSB-3 Complete Medium

Gel

KSB-3 Complete General | Medium
Medium®

’E H :Manufacture of clinical grade SCM CGH from single colonies
based on subfractionation culture method

SEHM: Sun U Song Ph.D. CEO SCM Lifescience Co.LTd

N

{EaE BRI Ly 5 TCEU S5 RE e AE A Y e E R 4HAE (RS TE GCM
method) » A7 EE A1 5 RE 4RI & CE0% (colony) By 7 = » FAITH
TR BB SRRV AHIRREE - R D77 K SCM > H[J subfractionation
culture method = [ SCM B4 B 4B EN F 7 32 HE A B Bl e Fg ot
B oo LB R AVZESE - HY hair growth in animal model £ atopic
dermititis animal model 4555355 » FI|F SCM BG5S R B 4Tl F52
A4 R B R 1R TR AR R GCM B R E 4l - BE24 R Hl
A AR E -
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Isolation Methods for MSCs

. Issued
Assignee Technolo . Remarks
g 9y Countries
- Density-Gradient Centrifugation Global
Osiris (USA) Method (GCM) (except Korea) Most popular method
Mesoblast . Global Tech transfer from
(Australia) FACS Sorting-based Method (except Korea) Osiris in Feb. 2014

SCM Lifescience Subfractionation Culturing Korea, USA, Japan,

(Korea) Method (SCM) China, EU Born in Korea

Scm Prowi qu new qu IDDaLI:nuwM
Lifesciunce /1< "erapy 7

®» Conventional Isolation Method — GCM*

Bone Marrow or
Adipose Tissue HSCs (non-adherent cells)

0

.
- culture of adherent cells only

—l —
Centrifugation Isolation of
MNCs

- MSCs (adherent cells /Iarge expansion
Ficoll Tube : 3

. Antibody selection
or
¢ FACS sorting

* Potential of stem cell damage, loss, or contamination.

* Final cell product is heterogeneous: stromal cells.

¢ GCM : Density-Gradient Centrifugation Method

13



What makes us different - CMC

»  Subfractionation Culturing Method - SCM

subfractionation

supernatant
fransfer

BM 2 days l

@ colony isolation

I—A

expansion

What makes us different - CMC

* Higher homogeneity via unique isolation method

radient ubfractionation
entrifugation ethod ulturing ethod

Q Bone &)
| @ ) Marrow @

/ O &) Cells O &
Stroma/ ‘ | | ‘
cells

T ®

\J‘ \@ Isolation S
S~ Culture

Mo 0® ® e
( Fina @
| @ 2 @®\) | Produlct | ®@ @®@




» Summary of Safety Evaluation

Test

Animal Group

Examination

Conclusion

Single-injection
toxicity

* Control

* H: 1x106° cells/head
* M: 5X10° cells/head
« L: 5%x10%cells/head

+ Clinical signs, Body
weight, Necropsy,
Histopathology

* No test substance-related effect was
observed; the approximate lethal dose was
greater than 1X 106 cells/head

Multiple-injection
toxicity
+ 6 week recovery

* Control

* H: 1X106 cells/head
* M: 5x10° cells/head
* L: 5%10*cells/head

* 3 times, 2-week
intervals

* Clinical signs, Body
weight, Necropsy,
Histopathology

* H only in recovery study

* No test substance-related effect on males
and females was observed at H dose

* NOAEL of the test substance was greater
than H dose in males and females

Biodistribution

« Control
*5X10° cells/head

* Single injection
* Removal of organs
* Human DNA detection

+ Clearance of the test substance was
considered to occur from whole body of
mice after week 4 after injection

Tumorigenicity

« Control

* Negative Control
(MRC-5)

* Positive Control (HT-
1080)

* Test-substance(hMSC)

* Clinical signs, Body
weight, Necropsy,
Histopathology

*1x10° cells/head

* 26 week

+ Test substance-related tumorigenicity was
not observed in males and females.

+ Test substance was considered to have no
tumorigenicity at a dose of 1X10°
cells/head

¥ Test animal: NCr athymic nude mice (Balb/c-nu)

Day 10

Day 14

Comparison of Hair Growth in Animal Model

SCM

Expert Opin Biol. (2014)
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ontrol HD107 HD121
GCM D107 D121

HD123
D123




Efficacy Comparison in Atopic Dermatitis Animal Model

OVA-induced Atopic Dermatitis Model

PBS

’H H :Who Will Manufacture Vaccines for the Next Emerging Globall
Diseases?
SEHEM: Alan Liss, Founder and CEO, GXP Farma LLC, USA
WA
e e B 4% B OE e 2 79 AV B R R RE - ARS8 i v iy B i e
1967 41 26 5% » £ 1980 A 17 K - il ER Ay EE S -
RS o BERG R e S BB 1 - A R = HYEEY) -
Ah7eiat - AT HHRE 24 (B350 MEKEARITLK
FE[ER g2 (Merck, GSK, Novartis, Sanofi, Pfizer) B EfEE S - [0
BT RN - AI0H w5 (Ebola) ~ MERS ~ ZIKA ~ B4
W AE AT H3N2 ~ HINT ~ H7NO ~ H5N1 i AU - /5 A s 1%
AWt - AfRE - FEOAR BN B RN E(E - Hamaied 1728
TR
1. Manufacturing capacity building cannot happen in a vaccum
-Regulatory, Clinical, Policy response and maintenance
-Strong, local government support is needed throughout
2. Sustainability of pandemic vaccine production capacity is
dependent on :
- Ability to produce the novel vaccine when needed

16



-Producing something in that facility that keeps facility running
3. Training staff on a novel vaccine production is not essential
- know how and expertise on alternative marketable products essential

NOT BUSINESS AS USUAL

MVA vectored glycoprotein Emergent Biosolutions Phase | planned

Chimp adenovirus 3 vectored glycoprotein (cAd3-EBO Z) GSK & NIAID Phase lll in progress

rVSV vectored glycoprotein (VSV-EBOV) Newlink Genetics & Merck  Interim Phase lll results published
Human adenovirus 5 vectored 2014 glycoprotein insert  BIT & CanSino Phase | complete
Adenovirus 26 vectored glycoprotein / MVA-BN (Ad26.ZEBOV/ MVA-BN)

Johnson & Johnson Phase Il in progress

Glycoprotein nanoparticle + MatrixM (Ebola GP vaccine) Novavax Phase | complete

Oral human adenovirus 5 + TLR3 ligand Vaxart Phase | planned
HPIV-3 vectored glycoprotein Ministry of Health (Russia) Phase | planned
rVSVNACTI VesiculoVax Profectus Biosciences Phase | planned

Rabies vectored glycoprotein Thomas Jefferson University & NIAID/NIH
Non-Human Primate challenge complete

» DNA vaccine InovioPurified glycoprotein Phase | planned
» Protein Sciences NHP challenge ip

» Ebola AVP30 H202 treated University of Wisconsin Non-human grimate
challenge/complete

17



ZIKA Vaccines under development %

Vaccines
(alphabetic order, status 3 March 2016)

Technology Status & timeli Collaboration
Bharat Inactivated purified virus as priority project ; VLP with Preclinical work ongoing,

PRME protein GMP lots 3Q2016
Bio-Manguinhos | Inactivated purified ; YF17DD chimeric ; VLP ; DNA Work initiated Under consideration
[ Fiocruz
Butantan Live dengue recombinant ; inactivated purified Work initiated Collaboration with US NIH
US cDC DNA plasmid expressing VLP ; live recombinant adenovirus | Work initiated
Hawaii Biotech Insect cell line produced recombinant proteins plus Work initiated. GMP lots Under discussion

Alhydrogel or proprietary adjuvant fom collaborator 4Q2016
InOvio/GeneOne | DNA — electroporation; work initiated Preclinical work initiated
Institut Pasteur Lentivirus-vectored, measles vectored Work initiated Measles vectored work in

collaboration with Themis ‘
NewlLink Purified Inactivated virus Work initiated, clinical ﬁ
evaluation 2018

US NIH Zika targeted mutation live attenuated (longer-term), DNA, | Work initiated Various '

live VSV recombinant
Novavax E protein — nanoparticles Preclinical work initiated
Replikins Synthetic replilink peptides Preclinical work initiated
Sanofi ChimeriVax (YF17D) ; other undisclosed technologies Work initiated Under consideration
Themis Measles vaccine virus vector (live) Work initiated Institut Pasteur
Bioscience
Valneva Purified inactivated vaccine Work initiated
In addition, the following institutions have communicated about their active consideration of the field or have committed planning/discovery stage
activities: CureVac, Geovax, GlaxoSmithKline, Institut Pasteur, Johnson & Johnson, Merck, Oxford University, Pax Vax, Pfizer, Profectus Biosciences, Protein
Sciences, Sementis, Sinergium, Takeda.
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Alan Liss

HiEE] FDA E &

H gij farma, LLC-Consulting
Principle Consultant
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72 By Steven Lee

H Bij#&F: Founder and
Chief Officer,
BioGENEXUS, USA

38 5 Nick Kotlarski,
H Ai#E{T Vice President,
AR, EE

T AR Y iR
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