
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 

Developing knowledge 



We do it differently  

Developing knowledge 

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 on TOPICS 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   



ICGEB 

TRIESTE COMPONENT 
&  HEADQUARTERS 

NEW DELHI  
COMPONENT 

CAPE TOWN 
COMPONENT 

Andé 



éa network of 38 affiliated centers worldwide 



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 

International PhD Programme 

Postdoctoral fellowships 

Flexible fellowships 

Collaborative Research Programme 

Mobility funding 

Training grants 

Long and short-term fellowships 

to train scientists from Member States  

Training courses, meetings and  

Research grants 



Workshops and 
Courses  

Member Country  

Research Laboratories  

Member Country  

Research Laboratories  

ICGEB  
Basic and Applied Research  
Institutional and Scientific 

Services  

Technology  
Transfer  

Research Grants  

Pre-  and Post -Doc Fellowships  

Trained Scientists  



Biotechnology Development Group (BDG)  

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  

The BDG supports local biopharmaceutical manufacturing in 

member countries, improving the drug availability at a more 

affordable price 



The BDG has developed and transferred technologies for the production of 

biosimilars: EPO, IFN alpha 2A/B, IFN-PEG, G-CSF, IFN beta and Insulin. 

Under development monoclonal antibodies (Enbrel is the more advanced)  

 

Transfer to the pharmaceutical companies for periods of 1 to 2 months.  

 

Over the past few years, we have trained (cell culture, downstream 

processes and QC) more than 78 scientists from 25 pharmaceutical 

companies operating in 17 ICGEB Member States.  

 

Most of these companies are now producing biosimilars using our 

technologies and compete successfully in the international market. 

   BIOTECHNOLOGY DEVELOPMENT GROUP  

 



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 4 3 IFN 

Argentina 4 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 IFN, PEG-IFN, Insulin, 

InsAspart 

Syria 2 1 IFN 

Total:   25 78 57 49  



R&D collaborations and technology transfers  



European Commission, European Medicines Agency (EMEA) 

 

Food and Drug Administration (FDA  in USA)  

5ŜŦƛƴƛƴƎ ōƛƻǎƛƳƛƭŀǊǎ άQuality by designέ 
 
Biosimilars are developed and manufactured according to the same quality standards as the original product 
 
Manufacturing process, including cell lines/ production strains, developed to guarantee comparability  
 with the  original product 
 
Comprenhensive analytical tests at all stages of manufacturing process ensure quality remains unchanged 
 
Preclinical and clinical studies complement and validate tests on comparability, efficacy and safety 
 
Post-marketing studies demonstrate long-term safety 



Iƻǿ ǎƛƳƛƭŀǊ Řƻ άBiosimilarsέ need to be ? 



Assessment of Bioequivalence of Biosimilars (Europe) or Follow-on biologics (USE) 
 
ω There are inherent variations in the protein product even if the same gene is 
expressed in the same host cells using similar down stream processing protocols 
 
ω How similar do ά.ƛƻǎƛƳƛƭŀǊǎέ need to be ? 
 
  
ω What are the clinical trial data which establish άōƛƻŜǉǳƛǾŀƭŜƴŎŜέΚ  
 
ω How many or how few trials are needed ?  

 









Biosimilars, market projections for 2015 

Source: BioMed Tracker 



Recombinant Human Erythropoietin 

  

   

Production: 

EPO is produced in CHO cells, containing the human EPO gene amplified by MTX selection 

(10-7M); cells grown in roller bottles (yield 15-20 ug/10-6cells/24hrs/Elisa); production in 

serum free medium (7 days). 

 

Purification:   

Standard chromatographic techniques. 10 roller bottles/ 7 days/ 10  lt should yield at least 30 

mg of pure EPO; the purity of is ü99% (by RP-HPLC); the isoforms distribution of EPO are 

analysed by IEF and CE and compared with EP standard. 

 

Potency:    

>100.000U.I./mg, is determined in normocythaemic mice bioassay according EP (Monograph 

1316, 1999) using as control the International Standard for Erythropoietin, r-DNA derived 

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/lt of IFNa-2b/lt.  

 

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 product 

is >98% by RP- HPLC analysis. 

 

Specific activity:   

>2x108 IU/mg determined by the inhibition of cytopathic effect of VSV on MDBK cells 
using IFN  alfa 2 a/b EP Standards.   



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/lt of GCSF.  

 

Purification:      

GCSF 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% by RP- 

HPLC analysis. 

 

Specific activity:   

GCSF specific activity compared to the WHO International standard is at least 1 x 108 IU/mg. 



 

 

Improving biopharmaceutical properties of protein 

therapeutics: 

 polymer-protein conjugation (mPEG-IFNŬ) 



 

Å It was developed a scalable protocol for the production and purification of 

monopegylated IFN alpha2a. 

Å Optimization of reaction conditions for pegylation and purification of mPEG-IFN by 

two alternative orthogonal methods with final yield ~25% and purity >97%.  

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

 of pegylation. 

Å The final product has physico-chemical and bioactivity characteristics comparable 

to other marketed pegylated interferons (Pegasys) 

 

  

Improving biopharmaceutical properties of protein 

therapeutics: polymer-protein conjugation (mPEG-IFNŬ) 





 



MAIN Equipment ~ ú

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 4oC (1) 7.000.00

Cell centrifuge 2.500.00

Akta PILOT 100 (2) 260.000.00

Columns and resins 50.000.00

Plastic materials (1Y)

20.000.00

Liquid media (1800 L) (1Y)
30.000.00

Chemicals & others 15.000.00 ~ ú 457.000.00

Building

Class 10000*/ú 2500/sqm) ~130*
sqm

Cell culture room 50 sqm*

Purificacion rom 30 sqm *

Buffer  &  media  preparation  40

sqm *

~ ú 350.000,00 *

Material preparation 20sqm*

Personnel room 30 sqm 

Store room 40 sqm 

QC room 40 sqm
~ ú 200.000,00

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 ~ ú 175.000.00

TOTAL ~ ú1.182.000,00

EPO-360 ROLLER BATCH (10 batch/year=10 g/ year= 280.000 doses) 

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 



GCSF (Neupogen, filgrastim, 300 ug dose, 135.53 euro/ dose in Italy ) 

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 ~ ú ~ ú

Fermentor 50 L 80.000.00

Laminal Flow 8.000.00

Cell disrupter 50.000.00

Freezer ï80oC 15.000.00

Shaker 37oC 15.000.00

Ultrafiltration equipment 20.000.00

Akta PILOT (2) 260.000.00

Columns and Resins 60.000.00 ~ ú508.000,00

Building 

Class 10000* ú2500/sqmFermentation room: 30 sqm*

 (130 sqm) Purificacion room: 30 sqm*

Buffer & media prep: 30 sqm*

Wash material: 30 sqm

Store room: 30 sqm

QC room: 30 sqm

Personnel room: 20 sqm

Administration room 50 sqm ~ ú600.000,00

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 ~ ú132.000,00

TOTAL ~ ú1.240.000,00



 

 

Production:     hr-IFN alfa 2b is produced in E.coli using an expression vector driven by the T7 
promoter. Batch fermentation produces at least 300 mg/lt of IFNa-2b/lt.  

 

Purification:    purified from inclusion bodies by solubilization, refolding and ion exchange 
chromatography. Final yield of the process is about 30-40%. The purity of the product is 
>98% by RP- HPLC analysis. 

 

Specific activity:  >2x108 IU/mg determined by the inhibition of cytopathic effect of VSV on 
MDBK cells using IFN alfa 2 a/b EP Standards. 



Cell Harvesting 
Cell Disruption and Preparation of 
Inclusion Bodies 
Solubilization of Inclusion Bodies  
Protein Refolding  
Hydrophobic Interaction 
Chromatography  
Cation Exchange Chromatography  

  

ig.1 



QUALITY CONTROL 

 

The quality control analysis is performed according to the European Pharmacopoeia  

(Monograph 1110, 1997) and consist in the following analysis: 

1. Protein quantification (Lowry, RP HPLC). 

2. Isoelectric focusing. 

3. Impurit ies of molecular masses differing from that of Interferon. 

4. Related proteins (RP HPLC). 

5. Peptide Mapping. 

6. Bacterial endotoxins. 

7. Biological Activity 

8. Mass spectrometry 
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