Developing knowledge

International Centre for Genetic Engineering and Biotechnology
A centre of excellence for research and training in genetic engineering and
biotechnology with regard to the needs of developing world




We do It differently

INTERNATIONAL INSTITUTION  owned by Member Countries
CUTTING -EDGE RESEARCH BY SCIENTISTS FROM OVER 50 COUNTRIES

SCIENTIFIC EXCELLENCE as a major goal - Research activities supervised by an
International Scientific Council that includes two Nobel laureates and top scientists
from all over the world

Hands-on CAPACITY BUILDING for sharing development - Specific courses held
all over the world and long -term training (PhD course + post -doctoral) in the 3
Components

Research focus onTOPICS OF OUTMOST RELEVANCE FOR DEVELOPING
COUNTRIES (HIV, malaria, tuberculosis and advanced plant biotechnology)

INTELLECTUAL PROPERTY RIGHTS OWNED AND SHARED - Research and
technology transfer made available to all Member Countries

Developing knowledge
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ICGEB personnel

ICGEB Trieste + Headquarters
~200 people, 17 Research groups

|ICGEB New Delhi
~300 people, 8 Departments, 34 Research

groups

ICGEB Cape Town
~50 people, 6 Research Groups (Jan 2009)



Research and Development
Focus

Human Health

Basic and applied research in infectious diseases and the

genetic component of tumors and cardiovascular pathologies

Crop improvement

Biotic and abiotic stress, plant transformation,

Insect resistance, biopesticides

Biosafety risk assessment
Technology development and transfer

Cooperation with other UN bodies



Funding opportunities

Long and short-term fellowships
to train scientists from Member States

International PhD Programme
Postdoctoral fellowships
Flexible fellowships

Training courses, meetings and

Research grants

Collaborative Research Programme
Mobility funding
Training grants



Member Country

Research Laboratories

LTl Il Pre- and Post - Doc Fellowships
Courses

ICGEB

Basic and Applied Research
Institutional and Scientific
Services

Trained Scientists

1 € Research Grants

Technology
Transfer

Member Country

Research Laboratories



Biotechnology Development Group (BDG)

The BDG supports local biopharmaceutical manufacturing in
member countries, improving the drug availability at a more
affordable price

The BDG focuses on the development of simple and innovative
technologies for the production of biosimilars

The transfer of these technologies involves the training of
scientists from pharmaceutical companies

Basic Research Biotechnology orientated




BIOTECHNOLOGY DEVELOPMENT GROUP

The BDG hasdevelopedandtransferredechnologiedor the productionof
biosimilars EPQ, IFN alpha2A/B, IFN-PEG G-CSF IFN betaandInsulin.
UnderdevelopmentnonoclonalntibodiegdEnbrelis the moreadvanced)

Transferto the pharmaceuticatompaniegor periodsof 1 to 2 months

Over the past few years, we have trained (cell culture, downstream
processesand QC) more than 78 scientists from 25 pharmaceutical
companie®peratingn 17 ICGEB MemberStates

Most of these companiesare now producing biosimilars using our
technologiesndcompetesuccessfullyn theinternationaimarket



BDG-ICGEB-Trieste

TRANSFER ACTIVITIES 1998-2011

COMPANY FROM PEOPLE TIME (Months) PRODUCTS & TRANSFERS

India 12 7 EPO, IFN, G-CSF

Iran 10 7 EPO, G-CSF, IFN, PEG-IFN,
PEG-GCSF

Italy IFN

Argentina 4 G-CSF, Insulin, EPO, IFN,
PEG-IFN

Cuba 3 3 G-CSF, EPO, Insulin

Sri Lanka 2 3 EPO, IFN, G-CSF

Egypt 1 4 EPO, G-CSF

Venezuela 5 2 G-CSF

Emirates 4 3 EPO

Pakistan 6 6 IFN, PEG-IFN, EPO, Insulin

South Africa 3 3 EPO, IFN, G-CSF

Uruguay 2 2 G-CSF, IFN

Brazil 4 2 EPO, IFN, PEG-IFN, G-CSF

Turkey 10 4 G-CSF, EPO, IFN, PEG-IFN

Switzerland 3 1 Lysozyme

China 3 2 IFEN, PEG-IFN, Insulin,
InsAspart

Syria 2 1 IFN

Total: 25 78 57 49




R&D collaborations and technology transfers
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Biosimilars are developed and manufactured according testrae quality standardss the original product

Manufacturing process, including cell lines/ production strains, developgddoantee comparability
with the original product

Comprenhensive analytical tests at all stages of manufacturing process epusulitg remains unchanged

Preclinical and clinical studiesmplement and validate tests on comparability, efficacy and safety

Postmarketing studies demonstratengterm safety

European Commission, European Medicines Agency (EMEA)

Food and Drug Administration (FDA in USA)
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Assessmenbf Bioequivalencef BiosimilargEurope)or Followon biologics(USE)

w There are inherent variationsin the protein product even if the samegene s
expressedn the samehost cellsusingsimilardown streamprocessingrotocols

wHowsimilardod . A 2 a An¥etltdb beRA €

wWhatarethe clinicaltrial datawhichestablishd 6 A 2 S1j dzA @I £t Sy OS¢ K




Legal & Regulatory Pathway
Carefully Developed Over Time

Directive 2001/83/EC

Fharma Directive 2003/63%EC as amended Adopted
Review “Annex I" published: published Directive
200 recognition of ‘biosimilars takes effect
Legal
progress
2001 2002 2003 2004 2005 2006
EMEA’s biosimilar ‘quality issues’
and ‘non-clinical and clinical EMEA ip?d?ﬁt' First
issues’ draft guidelines published  Speciic dra blosimilar
guidelines released approved
. for hizH, insulin, v
EMEA’s EMEA EPO and G-CSF.
revised releases S
‘comparability biosimilar EMEA !,"
guidelines ‘concept y .
published papers’ workshop .
Regulatory
progress

2001

2002 2003 2004 2005
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Biosimilar EC Approvals

IMNMN Name Company Reference CHMP opinion EC Approval
Somatropin Omnitrope Sandoz Genetropin Jan 2006 April 2006
(Plizer)
Somatropin YValtropin Biopartners Humatrope (Lilly) Feb 2006 April 2006
Epoctin alfa Binocrit Sandoz Eprex’Erypro June 2007 August 2007
(InJfAmgen)
Epoctin alfa Epoctin alfa Sandoz (Hexal) Eprex’Erypro June 2007 August 2007
Hexal
Epoetin alfa Abseamed Medice EprexErypro June 2007 August 2007
Epoetin zeta Retacrit Hospira EprexErypro Ot 2007 Dec 2007
Epoetin zeta Silapo Stada EprexErypro Ot 2007 Dec 2007
Filgrastim TevaGrastim Teva MNeupogen Feb 2008 Sept 2008
(Amgen)
Filgrastim Ratiograstim Ratiopharm Neupogen Feb 2008 Sept 2008
Filgrastim Filgrastim Ratiopharm Neupogen Feb 2008 Sept 2008
ratiopharm
Filgrastim Biograstim CT Arzneimittel MNeupogen Feb 2008 Sept 2008
Filgrastim Filgrastim Hexal Hexal Neupogen Moy 2008 Feb 2009
Filgrastim Zarzio Sandoz MNeupogen MNov 2008 Feb 2009




Number biosimilar applications for

initial evaluation

[
=

Positive Trend of Biosimilar
Applications Continues
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2004 2005 2006 2007 2008 2009

Year

Source: EMEA Annual Work Pragramg‘ues



Biosimilars, market projections fo2015

Source: BioMed Tracker
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Recombinant Human Erythropoietin

Production;

EPO is produced in CHO cells, containing the human EPO gene amplified by MTX selectio
(107M); cells grown in roller bottles (yield 380 ug/1@cells/24hrs/Elisa); production in

serum free medium (7 days).

Purification:

Standard chromatographic techniques. 10 roller bottles/ 7 days/ 10 It should yield at least :
mg of pure EPO; t heHPRLQ)the tsofornts distribiion nfEPOQmre( b
analysed by IEF and CE and compared with taRdard.

Potency:

>100.000U.1./mg, igletermined in normocythaemic mice bioassay according EP (Monograp
1316, 1999) using as control the International Standard for Erythropoi€tivArderived

87/684, NIBSC



Recombinant Human Interferon alpha 2A/2B

Production:

IFN alpha 2a/2b is produced in E.coli using an expression vector driven by the T7 promoter
Batch fermentation produces at least 300 mg/It of H2hét.

Purification:

IFN alpha 2a/2b is purified from inclusion bodies by solubilization, refolding and ion
exchange chromatography. Final yield of the process is about 30%. The purity of the produt
Is >98% by RPHPLC analysis.

Specific activity:

>2x1® IU/mg determined by the inhibition of cytopathic effect of VSV on MDBK cells
using IFN alfa 2 a/b EP Standards.



(5 | | |
Qgﬁ Recombinant Human Granulocyte Colony Stimulating Factor

Production:

GCSF is produced in E.coli using an expression vector driven by the T7 promoter. Batch
fermentation produces at least 300 mg/It of GCSF.

Purification:

GCSEF is purified from inclusion bodies by solubilization, refolding and ion exchange
chromatography. Final yield of the process is about 30%. The purity of the product is >99%
HPLC analysis.

Specific activity:

GCSF specific activity compared to the WHO International standard is at leasg 1U{rh@.



Pharmaceutical improvement modifications
of recombinant proteins

Polyethylene glycol modifications (PEGylation)
Provide specific advantages in

« Protein Stabilization

« Protection from proteolysis

« Increased half-life in biological application

« Attenuate immune response

« Solubility enhancement

« lowered aggregation

Adds another dimension to Protein heterogeneity

Improving biopharmaceutical properties of protein
therapeutics:
polymekprotein conjugation (MPEG F N U)



JeGEg

(3)

Improving biopharmaceutical properties of protein
therapeuticspolymerproteinconjugationmPEGIFNU )

It was developed a scalable protocol for the production and purification of
monopegylated IFN alphaZ2a.

Optimization of reaction conditions for pegylation and purification of mMPEG-IFN by
two alternative orthogonal methods with final yield ~25% and purity >97%.

Recovered IFN (30-40% yield) can be reused for a new cycle

of pegylation.

The final product has physico-chemical and bioactivity characteristics comparable
to other marketed pegylated interferons (Pegasys)
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{:#*% EPO-360 ROLLER BATCH (10 batch/year=10 g/ year= 280.000 doses)
t»,’}:{p 1 dose 4000 U = 36 ug / 110.000 IU/mg, (280 000 doses x 66.15 euro (in Italy) = 18 500 000 euro
Cell culture and downstream process/batch = four weeks, three technicians

MAIN Equipment ~ ¥]
Roller cabinet (4) 40.000.00
N2 reservoir (1) 15.000.00
Inverted microscope (1) 3.500.00
Laminar flows (2)(H) 14.000.00
Cold room 40C (1) 7.000.00
Cell centrifuge 2.500.00
Akta PILOT 100 (2) 260.000.00
Columns and resins 50.000.00
Plastic materials ay)
20.000.00
Liquid media (1800 L) ay)
30.000.00
Chemicals & others 15.000.00 ~ [¥] 457. 000. 0O
Building
Cl ass 10000*/ 0 2500/ s dm) ~130*
sgm
Cell culture room 50 sgm*
Purificacion rom 30 sgm *
Buffer & media preparation 40 -~ U 350. 000, DO *
sgm *
Material preparation 20sgm*
Personnel room 30 sgm
Store room 40 sgm
QC room 40 sgm
~ u 200 000, OO
QC
HPLC and columns 60.000.00
SDS-PAGE 4.000.00
IEF (now CE) 45.000,00
FACS for bioassay*(out) 60.000.00
Reagents 6.000.00 ~ U 175. 000. 0O
TOTAL -~ ual. 182. 0Q0O0, O




1,?";?:% GCSF (Neupogen, filgrastim, 300 ug dose, 135.53 euro/ dose in Italy )
t\ﬁyﬁ‘ 1Lflask growth gives 200 mg of pure GCSF
1L fermentation gives 1g, 60 000 doses for two weeks treatment for 4200 patients
(60 000 doses x 135.53 euro = 8 131 800 euro)
Fermentation and downstream time : 1 week, two technicians

Main Equipment ~ 0 ~ 0

Fermentor 50 L 80.000.00

Laminal Flow 8.000.00

Cell disrupter 50.000.00

Freezer T800C 15.000.00

Shaker 370C 15.000.00

Ultrafiltration equipment 20.000.00

Akta PILOT (2) 260.000.00

Columns and Resins 60.000.00 ~ u508.
Building
Class 10000* 02 5|0OFermentption room: 30 sqgm*
(130 sgm) Purificacion room: 30 sgm*

Buffer & media prep: 30 sqm*

Wash material: 30 sqm

Store room: 30 sgm

QC room: 30 sgm

Personnel room: 20 sgm

Administration room 50 sgm ~ 0600.
Quality Control

HPLC & columns 80.000.00

SDS-PAGE and IEF (H) 10.000.00

CO2 Incubator 6.000.00

Inverted Microscope 3.000.00

ELISA reader 10.000.00

N2 reservoir 6.000,00

Laminar flow 7.000.00

Reagents & others 10.000.00 ~ 0132.

TOTAL ~ 01l.240Q.

000,

000,

000,



a
\f .;? :ﬂl INTERFERON ALPHA 2A

Production:  htFN alfa 2b is produced in E.coli using an expression vector driven by the T
promoter. Batch fermentation produces at least 300 mg/It of F2KAt.

Purification: purified from inclusion bodies by solubilization, refolding and ion exchange
chromatography. Final yield of the process is aboutt@%. The purity of the product is
>98% by RMHPLC analysis.

Specific activity: >2x20U/mg determined by the inhibition of cytopathic effect of VSV on
MDBK cells using IFN alfa 2 a/b EP Standards.
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Cell Harvesting

CellDisruption and Preparation of
Inclusion Bodies

Solubilization ofnclusionBodies
Protein Refolding

Hydrophobic Interaction
Chromatography

Cation Exchange Chromatography




QUALITY GONTROL

The quality control analysisis performed according to the Eiropean Fharmacopoeia

(Monograph 1110, 1997) and consst inthe following analyss.

1.

2.

3.

Protein quantification (Lowry, RP HALC).
Isoelectric focusing.

Impurities of molecular masses differing from that of Interferon.

Related proteins (RPHPLO).
Peptide Mapping.

Baderial endotoxins.
Biological Activity

M ass spectrometry



A
B] avkaied proteins ¢ 1905111 UIVE J00wm ovlonod peoselan 180121 | Conc
avhood prodeis < B06:1 1 _Inject
mALl 4% i
Interferone alfa 2B - mappa triptica 450
ne |
! w0
UNICORN V3.0 150
"o
cI8 ifandrea rght01:1_UV] 214am  — mappa if std01:1_UVI_214nm@1 | MUL
mAU ‘ ' Wi pr
|
J 0 uo
150
Rt "
IFN ALFA 2B ICGEB o — S AEEmm——, Ll B A J_______ »i
100 00 00 0o “wo in
(¢}
! L
0 e —
2 W
-100
IFN PHARMACOPEA EUROPEA
as0 4
|
200
00 200 400 600 ml
L'analisi é stata eseguita in accordo con le guide della European Pharmacopoea
( Interferon alfa2 concentrated solution 1110 (1031-1035) 1897)




TERConT61_ U260

®FacogelM Reacbni61._Loghook

MPEG IFN

500




e

20

P

-35

-55

—— mPEG-IF N Pool
—— Pegasys

10 20

80

70

40

a0

ILATEAE

|
&”me{ Hw*"ﬂ

Pool August

ﬂzaaa 16

|

i
4 BB ‘H"im'l'l

I nagrrie

“L“w""“"""—v“-nnnwﬂ.,,.,_unrm"_._"l

#5901

26486

44902

ex28 o ned T imzw

Mas (i3










