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Learning Objectives and Outcomes 
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Where biopharmaceuticals differ from  

low molecular weight drugs 

• Molecular weight 

• Complexity of structure 

• Characterization 

– Structure and physico-chemical properties  

– Protein purity 

– Biological activity  

• Stability  

• Immunogenicity 

• Needle focused 

 
Crommelin DJA, et al. Int J Pharm 2003;266:3-16.  
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‘Every protein has a life of its own’ 
 
 
 
(anonymous Ph.D. student) 



With the highest growth rates within the entire pharma market, 

biopharmaceuticals will reach > US$ 92 billion revenues in 2011 

Biopharmaceuticals will outperform the total pharmaceutical market 

– With over 1/3 of ALL pipeline products the market forecast is US$ 92 billion in 

2011 

 

Most biopharmaceutical  

proteins have small  

markets, but high value  

< 10 kg/yr, > US$10,000/g 

Knaeplein, 2007 

http://www.ptemag.com/pharmtecheurope


…Biopharma in Perspective 

• The first biotech therapy to earn FDA approval was 

recombinant human insulin (Genentech & Eli Lilly) in 

1982. 

 

• Since then, as of Oct 2006, more than 250 drugs & 

vaccines for nearly 400 indications developed by 

biotech companies have been approved by FDA (inc. 

small-molecules and tissue-engineered products). 

http://bio.org/speeches/pubs/er/approveddrugs.asp  

 

• More than 400 biotech drugs & vaccines are currently in 

clinical trials targeting more than 200 diseases 

Courtesy Özceada 

http://bio.org/speeches/pubs/er/approveddrugs.asp


Dorr, 2002 



Interferons 

Drugs desperately looking for a disease…. 
 

5 billion dollars! 

Weimar W, Lameijer LD, Edy VG, Schellekens H.    
 

     Prophylactic use of interferon 

 in renal allograft recipients. 

Transplant Proc. 1979 Mar;11(1):69-70. No abstract available.  

PMID: 377705 [PubMed - indexed for MEDLINE] 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term="Weimar W"[Author]&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term="Lameijer LD"[Author]&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term="Edy VG"[Author]&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term="Schellekens H"[Author]&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=377705&ordinalpos=143&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum


The number of Biotech approvals surpassed the small molecule approvals  in 2002 (US) 

Source: BioGeneriX 

The Rise of Biopharma…  



Biopharmaceuticals = pharmaceutical biotech products = biologicals 

• Medical aspects: 

– indications for serious diseases; meeting unmet medical 

needs 

• Economical aspects 

– relatively small, but fast growing 

• Pharmaceutical aspects: 

– delicate complex molecules 

– potent molecules (?) 

– delivery issues 

 



Cerezyme® (Imiglucerase) 27,000/0.476??? 

Fabrazyme® (Agalsidase beta) 1,200/0.182 

Replagal® (Agalsidase alfa) 1,200/0.189 

Aldurazyme® (Laronidase) 1,100/0.473 

Myozyme® (Alglucosidase alfa) 4,500/0.351 

Elaprase® (Idurosulfatase) 1,000/2.34 

Naglazyme® (Galsulfase) 400/1.00 

Theo Dingermann 

Number Patients in EU/price in M€ per patient 



Isoform distribution

Isoform patterns: deviations displayed by 9 of the 11 samples 

(including additional basic and acidic isoforms, and increased 

bar intensity) compared with the EPREX® standard (E)

E   IA  IB IIA   IIB   IIIA   IIIB IV   V    VII VIII    E
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AnodeE      VI

Sample

Epo: isoform distribution (IEF) of epo products 



International Journal 
of Pharmaceutics 

2003, November, 266, 
3-16 

Bottom line: complete characterization: mission impossible 





Present Arsenal 

Examples of the types of product on the market:  

 
– Homones, growth factors, enzymes 

• Fertility hormones 

• Human insulin 

• Enzymes 

• Human growth factors (G-CSF, haematopoietic growth factors) 

– Cytokines 
• Interleukins 

• Interferons 

– Vaccines & antigens 
• Hepatitis B antigen 

• Cholera vaccine 

– Antisense 
• Fomivirsen 

– Cell therapy 
• Carticel, Epicel 



Antisense oligonucleotides 

Mechanism of action 

Couvreur, Advanced Drug Delivery Reviews  

Volume 56, Issue 7, 23 April 2004, Pages 931-946  

http://www.sciencedirect.com/science/journal/0169409X
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%234953%232004%23999439992%23492795%23FLA%23&_cdi=4953&_pubType=J&view=c&_auth=y&_acct=C000026638&_version=1&_urlVersion=0&_userid=530453&md5=7b95e70095f1a80358bb9ff7fc4499bf


Henryk Sienkiewicz 



Brange, 1987 



Get rid of the protein….. 

Insulin-altertives: small is beautiful…  

• Vaccines   
• Diamyd, Diapep277 

• Thiazolinedione-derivatives 
• PPAR agonists e.g. netoglitazone, balaglitazone, rosiglitazone 

• DPP4- inhibitors,  
• e.g. sitagliptine, vildagliptin, saxaglitptin, alogliptine 

• GLP-1 analogues 
• e.g., liraglutide 

• Metaglidasen 

• Succinobucol 

• Managlinat dialanetil 

• Solabegron 

• BGP15  



Further paradigm shifts at the horizon 

 

• New production approaches 

– Transgenic animals, transgenic plants  

• siRNA, gene therapy 

• Stem cell therapy 

• Modified proteins 

– IgG fragments 

– Fusion proteins 
 

 



Five expression technologies for protein 

production 

Sheep, goat, cow 

Transgenic Animals 

Yeast 

Saccharomyces 
Transgenic Plants 

Tobacco, moss 

Bacteria 

Escherichia coli 
Mammalian Cells 

CHO 

knaeplein 



Biopharmaceuticals from Plants 

 

 

Next step: biopharmaceuticals produced in ….. 

      Duck Weed 





Biolex Interferon alpha 

• Biolex’ LEXTM system 
– Aquatic higher plant, Lemna 

– Secretes recombinant protein  

(e.g. IFNa2b) 

– Fast, inexpensive process 

– High expression levels  

– Highly scalable 

www.biolex.com 



Immunogenicity in humans of an edible vaccine for 

hepatitis B, Y. Thanavala et al. (2005), PNAS, 102, 3379-82 

 

 

 

A double-blind placebo-controlled clinical trial evaluated the immunogenicity 

of hepatitis B surface antigen (HBsAg) expressed in 

potatoes and delivered orally to previously vaccinated individuals. 

The potatoes accumulated HBsAg at 8.5 gg of potato tuber, 

and doses of 100 g of tuber were administered by ingestion. The 

correlate of protection for hepatitis B virus, a nonenteric pathogen, 

is blood serum antibody titers against HBsAg. After volunteers ate 

uncooked potatoes, serum anti-HBsAg titers increased in 10 of 16 

volunteers (62.5%) who ate three doses of potatoes; in 9 of 17 

volunteers (52.9%) who ate two doses of transgenic potatoes; and 

in none of the volunteers who ate nontransgenic potatoes. These 

results were achieved without the coadministration of a mucosal 

adjuvant or the need for buffering stomach pH. We conclude that 

a plant-derived orally delivered vaccine for prevention of hepatitis 

B virus should be considered as a viable component of a global 

immunization program. 
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Gene 
Therapy 

Vaccinal 
recombinant 

proteins 

Extraction-based 
biological compounds 

Immature 

• Non validated 
technologies 

• First products 
entering 
development 
phases 

• No products 
in market 

Growing Mature Decreasing 

• Validated 
technologies 

• More 
products in 
development 

• Few products 
in the market 

• Mastering 
technologies  

• Ongoing 
optimization 

• Many 
products in 
development 
and in the 
market 

• Fully 
mastered and 
opmized 
technologies 

• Many 
products in 
development 
and in the 
market 

• Common 
technologies 

• Manufacturing 
alternatives required 

• Decreasing number 
of products in 
development and, 
eventually, in the 
market 

  
    

  

  

    

Cell 
therapy 

Vaccine 
cell 

therapy 

Therapeutic 
recombinant 

proteins 

Chemistry-
based 

compounds 

Technology Evolution in Pharma Industry 

Source: Paulo 

Barbanti 



Interference with protein expression  



The problem… 

The 

problem 

The problem 

1. Cell selection 

2. Entry cytoplasm 

3. Entry nucleus 

cell 

? 

plasmid nucleus 

cytoplasm 



Delivery of Proteins 

 

• Are we stuck to the needle? 

Welcome to the kingdom of the needle? 



                                                     

 

                      

Gas-driven intradermal  
injection 



A quest for improved delivery of 

parenterally applied drugs 



Insulin Uptake via the Pulmonary 

Route 

 

 

• Bioavailability around 10 % 

–  loss in device 

–  loss through disposition in non-lung tissue 

–  absorption loss 

 
– Patton, J.S., Adv. Drug Delivery Research 35, 1999, 235-247 



Exubera 





Monogenetic Diseases 

How to cure? 





Gene Therapy: viruses as delivery system…. 



Joly Mohr, July 2007 

.In 2002 and 2003, it was reported that three of nine children in 

France who had been cured of severe combined 

immunodeficiency disease (SCID) with gene therapy had 

developed cancer two to three years later. Children born with this 

disorder will die in the first year of life unless they can find a 

matching blood marrow donor, which is hard to do.  

Plusses and minuses……………… 



Stem cell therapies…… 

 
Adult stem cells Embryonic stem cells 

Therapy: Cancer, Type I diabetes, spinal cord injuries and muscle injury 
easyweb.easynet.co.uk/~sfl/rlb1a.j  



Modified proteins 

Chapter 7 and 15 



PEGylation: 
 
• Masking uptake-receptor sites 
 

• Reducing clearance by glomerular filtration 
 

• Reducing immunogenicity (?) 
 



Strategies for improved protein 

delivery 

PEGylation: coupling of PEG molecules to protein 

http://www.roche.com/pages/facets/10/pegasyse.htm 



 

The data were described by a linear two-compartmental pharmacokinetic model. 

Pharmacokinetics of recombinant human interleukin-2 

(rhIL2) and its PEGylated form (PEG IL-2) in rats after IV 

bolus administration of 0.25 mg/kg. 

Braekman 1997 

PEG-IL-2 





http://images.google.nl/imgres?imgurl=http://www.portel.it/speciali/7650/img/nokia2.jpg&imgrefurl=http://www.portel.it/speciali/7650/&h=1008&w=700&sz=77&tbnid=Mxiumg4YjtkJ:&tbnh=149&tbnw=103&hl=nl&start=27&prev=/images%3Fq%3Dnokia%26start%3D20%26svnum%3D10%26hl%3Dnl%26lr%3D%26sa%3DN



