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 Over the past 25  years, biotechnologically derived drug products have become a 
major share of the therapeutically used pharmaceuticals. These drug products include 
proteins, including monoclonal antibodies and antibody fragments, as well as anti-
sense oligonucleotides and DNA preparations for gene therapy. In 2001 already, bio-
tech products accounted for more than 35 % of the New Active Substances that were 
launched in the USA. Twelve out of the twenty-nine approved marketing authoriza-
tion applications at the European Medicines Agency (EMA) in 2009 were biotech 
products. Drug products such as epoetin-α (Epogen®, Eprex®, Procrit®), abciximab 
(ReoPro®), interferons-α (Intron®A, Roferon®A) and interferons-β (Avonex®, Rebif®, 
Betaseron®), anti-TNF-α agents (Enbrel®, Remicade®, Humira®), bevacizumab 
(Avastin®), and trastuzumab (Herceptin®) are all examples of highly successful bio-
tech drugs that have revolutionized the pharmacotherapy of previously unmet medi-
cal needs. And last but not least, biotech drugs also have a major socioeconomic 
impact. In 2010, fi ve of the ten top selling drugs in the world were biotechnologically 
derived drug products, with sales varying between fi ve and eight billion US dollars. 

 The techniques of biotechnology are a driving force of modern drug discovery 
as well. Due to the rapid growth in the importance of biopharmaceuticals and the 
techniques of biotechnologies to modern medicine and the life sciences, the fi eld of 
pharmaceutical biotechnology has become an increasingly important component in 
the education of today’s and tomorrow’s pharmacists and pharmaceutical scientists. 
We believe that there is a critical need for an introductory textbook on Pharmaceutical 
Biotechnology that provides well-integrated, detailed coverage of both the relevant 
science and clinical application of pharmaceuticals derived by biotechnology. 

 Previous editions of the textbook  Pharmaceutical Biotechnology: Fundamentals and 
Applications  have provided a well-balanced framework for education in various 
aspects of pharmaceutical biotechnology, including production, dosage forms, 
administration, economic and regulatory aspects, and therapeutic applications. Rapid 
growth and advances in the fi eld of pharmaceutical biotechnology, however, made it 
necessary to revise this textbook in order to provide up-to-date information and 
introduce readers to the cutting-edge knowledge and technology of this fi eld. 

 This fourth edition of the textbook  Pharmaceutical Biotechnology: Fundamentals 
and Applications  builds on the successful concept used in the preceding editions and 
further expands its availability as electronic versions of the full book as well as indi-
vidual chapters are now readily available and downloadable though online 
platforms. 

 The textbook is structured into two sections. An initial basic science and general 
features section comprises chapters introducing the reader to key concepts at the 
foundation of the technology relevant for protein therapeutics including molecular 
biology, production and analytical procedures, formulation development, pharmaco-
kinetics and pharmacodynamics, and immunogenicity and chapters dealing with 
regulatory, economic and pharmacy practice considerations, and with evolving new 
technologies and applications. The second section discusses the various therapeutic 
classes of protein biologics and nucleotide-based therapeutics. 

  Pref ace   



 All chapters of the previous edition were revised and regrouped according to 
therapeutic application. The section on Monoclonal Antibodies was differentiated 
into a section on general considerations for this important class of biologics as well as 
sections focused on their application in oncology, infl ammation, and transplantation 
in order to allow for a comprehensive discussion of the substantial number of 
approved antibody drugs. A chapter on stem cell technologies was newly added to 
give greater depth to the area of cell-based technologies. 

 In accordance with previous editions, the new edition of  Pharmaceutical 
Biotechnology: Fundamentals and Applications  will have as a primary target students in 
undergraduate and professional pharmacy programs as well as graduate students in 
the pharmaceutical sciences. An additional important audience is pharmaceutical sci-
entists in industry and academia, particularly those that have not received formal 
training in pharmaceutical biotechnology and are inexperienced in this fi eld. 

 We are convinced that this fourth edition of  Pharmaceutical Biotechnology: 
Fundamentals and Applications  makes an important contribution to the education of 
pharmaceutical scientists, pharmacists, and other healthcare professionals as well as 
serving as a ready resource on biotechnology. By increasing the knowledge and 
expertise in the development, application, and therapeutic use of “biotech” drugs, we 
hope to help facilitate a widespread, rational, and safe application of this important 
and rapidly evolving class of therapeutics. 

Utrecht, The Netherlands  Daan J.A. Crommelin 
 Vancouver, BC, Canada  Robert D. Sindelar 
 Memphis, TN, USA  Bernd Meibohm 
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  SDR    Specifi city determining residues   

  SDS    Sodium dodecyl sulfate   

  SDS-PAGE    Sodium dodecyl sulfate polyacrylamide gel 

electrophoresis   

  SEC    Size-exclusion chromatography   

  SGA    Small for gestational age   

  SHOX    Short stature homeobox containing gene defi ciency on the 

X chromosome   

  SIP    Steam in place   

  siRNA    Small interfering RNA   

  SIV    Simian immunodefi ciency virus   

  SLE    Systemic lupus erythematosus   

  SNP    Single nucleotide polymorphism   

  SOCS    Suppressors of cytokine signaling   

  SOS    Sinusoidal obstructive syndrome   

  S p     Segmented neutrophil population   

  SPR    Surface plasmon resonance   

  SREs    Skeletal reverse events   

  SRI    SLE Responder Index   

  SRIF    Somatotropin release-inhibitory factor   

  SRP    Signal recognition particle   

  SUPAC    Scale-up and post approval changes   

  T    Thymine   

  T1 (or 2) DM    Type 1 (or 2) diabetes mellitus   

  t 1/2     Half-life   

  tcDNA    Tricyclo-DNA   

  TF    Tissue factor   
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  TFF    Tangential fl ow fi ltration   

  TFPI    Tissue factor pathway inhibitor   

  T g     Glass transition temperature   

  TGF    Tissue growth factor (Chap.   5    )   

  TGF    Transforming growth factor (Chap.   21    )   

  TGF-β    Tissue growth factor-beta   

  TIMI    Thrombolysis in myocardial infarction   

  TIW    Three-times in a week   

  TK    Thymidine kinase   

  TLR    Toll-like receptor   

  TLS    Tumor lysis syndrome   

  TNF    Tissue necrosis factor   

  TNF-α    Tumor necrosis factor alpha   

  TO    Total relative uptake   

  t-PA    Tissue plasminogen activator   

  TPMT    Thiopurine methyltransferase   

  TPO    Thrombopoietin   

  TRE    Tet response element (see context Chap.   24    )   

  TRE    Transcription regulatory element (see context Chap.   24    )   

  TRF    T-cell replacement factor   

  tRNA    Transfer ribonucleic acid/transfer RNA   

  TS    Turner syndrome   

  TSC    The SNP Consortium   

  TSH    Thyroid-stimulating hormone   

  TSP    Thrombospondin   

  UC    Ulcerative colitis   

  UF    Ultrafi ltration   

  UFH    Unfractionated heparin   

  USP    United States Pharmacopeia   

  UTR    Untranslated region   

  Vd    Volume of distribution   

  Ve    Exclusion volume   

  V H     Variable region of the heave chain of a MAB   

  V L     Variable region of the light chain of a MAB   

  VLDL    Very low-density lipoprotein   

  VLP    Virus-like particles   

  V max     Maximum catabolic/enzymatic capacity   

  V ss     Volume of distribution at steady-state   

  VSV    Vesicular stomatitis virus   

  WBC    White blood cell   

  WCB    Working cell bank   

  WHO    World Health Organization   

  ΔG U     Difference in free energy    
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