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Immunization Procedures and Adjuvant Products

Introduction:  Laboratory Animals and Immunization Procedures:  Challenges and Opportunities  (pages 227-229)

SUMMARY:

Primary purposes of immunization in laboratory animals include (1) induction of specific B cells for the generation of hybridomas, (2) production of polyclonal antibodies (PAbs) and mon! oclonal antibodies (MAbs), (3) development and quality control of immunobiological products, (4) fundamental immunological studies, and (5) induction of specific disease models.  

Despite the significant medical advances that have resulted, the use of laboratory animals for immunization procedures continues to generate controversy.  For example, descriptions of the adverse reactions of Freund’s complete adjuvant (FCA), which is used for its stimulatory capabilities, were first published in 1950 and then in 1960.  Since then, discussions regarding the potential of FCA to induce pain and distress have continued for several decades and have resulted in preparation of numerous guidelines (e.g., institutional guidelines in the United States, and regulatory guidelines in Canada and several European countries).  Currently, the use of FCA is limited in experimental animals, and the process of developing alternative adjuvant products has begun.

Concerning the production of MAbs, the Institute for Laboratory Animal Research (ILAR) Committee on Methods of Producing Monoclonal Antibodies concluded in 1999 that the intraperitoneal accumulation of ascites is likely to be associated with pain and distress (NTC 1999).  Committee members recommended that the tissue-culture method for the production of MAbs should be adopted as routine methods unl! ess there is clear reason why their use would represent an unreasonable barrier to obtaining the product at a cost consistent with the realities of funding biomedical research programs.  In several European countries, the use of ascites method is strongly discouraged, although it has not been banned entirely.

Frequently, immunization protocols require the use of adjuvant products to enhance or modify the immune response.  Most adjuvants, however, also induce adverse reactions such as local inflammation and tissue destruction.   These sequelae are therefore often met with concerns about the animals’ welfare, particularly from the perspective of institutional animal care and use committee (IACUC).  This concern! is particularly characteristic of FCA, the product most frequently used in experimental immunization protocols.

Hau and Hendriksen (2005) article discussed two alternatives to the traditional protocol for PAb production.  The first approach is the immunization of the chickens, followed by harvesting of the antibodies from the egg yolk instead of the serum.  The second approach is oral immunization by voluntary intake of the antigen, or by gavage as well as oral-nasal administration.  The authors conclude that the combination of both approaches will ultimately result in reduction and refinement in the use of animals.

Dewar and colleagues (2005) provide a! case study related to MAb production.  These authors describe the transfer of in vivo MAb production to in vitro production in a large, multinational vaccine manufacturer.  Also included are data from comparison studies with mouse ascites production.  The authors conclude that various tested in vitro culture systems are qualitatively and quantitatively equal to or even better than the ascites production method.


The use of recombinant technologies has initiated a new era in monoclonal antibody production.  Peterson (2005) describes several of highly innovative approaches, which now allow for engineering antibodies (e.g., reducing the antibody to its functional size, or making humanized antibodies).  Advances in improving MAb production efficiency and antibody repertoire are being explored by using spontaneous mutant or genetically modified mice (e.g., the XenoMouse) and genetically modified cell lines.

Although is unrealistic to expect that the information provided in this overview will resolve all of the controversies that exists with regards to immunization protocols, it is important to recognize that substantial progress has been made, both with regard to a new technologies and to understanding the immune response.  The information in these articles is presented in an effort to help investigators, animal care committees (e.g., IACUCs), as well all others who have concern for animal well-being to combine the best scientific output in terms of immune r! esponses or antibody production with maximum animal welfare.
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Questions:

1. Primary purposes of immunization in laboratory animals include (1) ………., (2)………, (3)……, (4)………. and  (5)……….. 

2. Discussions regarding the potential of FCA to induce pain and distress have continued for several decades and have resulted in preparation of numerous guidelines.  True or False. 

3. In several European countries, the use of ascites method is strongly discouraged, although it has not been banned entirely.  True or False. 

4. Most adjuvants do not induce adverse reactions such as local inflammation and tissue destruction.   True or False. 

5. Hau and Hendriksen (2005) article discussed two alternatives to the traditional protocol for PAb production.  The first approach is the immunization of the chickens, followed by harvesting of the antibodies from the …. instead of the 
6.
The information in these articles is presented in an effort to help ,,,,,,, who have concern for animal well-being to combine the best scientific output in terms of immune responses or antibody production with maximum animal welfare.

a.       Investigators

b.      Animal care committees (e.g., IACUCs)

c.       Others 

d.       All of the above

Answers:

1.      (1) induction of specific B cells for the generation of hybridomas, (2) production of polyclonal antibodies (PAbs) and monoclonal antibodies (MAbs), (3) development and quality control of immunobiological products, (4) fundamental immunological studies, and (5) induction of specific disease models. 

2.      True

3.      True

4.      False.  Induce adverse reactions.

5.      Egg yolk, serum

6.      D.  All of the above.

Basic Concepts of Immune Response and Defense Development  (pages 230-240)

Introduction:  Innate defenses include humoral factors such as mucosal secretions, serum factors such as complement, and cellular components such as natural killer cells, granulocytes, macrophages and dentritic cells (DCs); innate defenses have rapid assimilation and nonspecific response of limited duration.  Specific immune responses take longer to develop but are specific and longer-lasting.  Adjuvants in vaccines and immunizations enhance the development of specific immune responses.  Lipopeptide adjuvants act on the innate responses. 

Interaction between the innate and specific parts of the immune system is critical for a successful, efficient immune defense; this interaction involves antigen-presenting cells (APCs) such as monocytes, macrophages, fibroblasts and DCs.  DCs are called professional APCs because they are central antigen presenters for both primary and recall immune responses.  B lymphocytes present antigen, but only to memory T lymphocytes.

APCs present antigen from invading infectious agents to B and T lymphocytes that have specificity for the epitopes on that antigen.  B lymphocytes interact with Th1 lymphocytes, which produce necessary cytokines; the antigen-stimulated B cells then differentiate into specific antibody-producing plasma cells.  T lymphocytes recognize antigen only in association with MHC molecules.

Innate Immune Defenses:  Cellular defenses of the innate immune responses rely on interaction of pattern-recognition cell surface receptors (PAMPs) with the pathogen.   Serum proteins (opsonins) which bind to the surface of the invading agent include complement and acute-phase proteins.  Many components play a signaling role.  

Activation of Innate Immune Defenses:  Local tissue damage after immunization or infection results in the release of “danger signal” immune response mediators which promote immune defense recruitment through the local inflammatory response.  Elements include increased local endothelium permeability, upregulation of integrin and other adhesion molecule _expression on the endothelium, and endothelium-released chemokines which recruit leukocytes from the blood.  Neutrophils, monocytes and macrophages are central to the acute inflammatory reaction; DCs also migrate in for antigen processing and presentation to lymphocytes.  DC uptake of antigen at local inflammatory sites results in its transport to lymphoid organs and tissues where specific responses develop.

 
Immature DC maturation, promoted by inflammatory “danger signals”, is associated with antigen processing and presentation.  Langerhans cells and dermal DCs are immature DCs.  Within the DCs, antigens are broken down into peptides and bind with either MHC class I or II molecules.  MHC class II-dependent antigen presentation is essential for stimulating Th lymphocytes.  MHC class I-dependent antigen presentation is necessary for Tc lymphocyte responses for defense against intracellular virus and some bacteria.

 
CD4+ Th lymphocytes are essential for the majority of specific immune responses, including antigen-activated B lymphocyte antibody production and antigen-specific cytotoxic T lymphocyte effector function. 

Activation of B lymphocytes requires continued stimulation of both the membrane immunoglobulin-like receptors by the antigen, and the surface cytokine receptors by factors produced by Th lymphocytes. Also a physical interaction between B and Th lymphocytes is required.

Innate-Specific interactions:  Effector Immune Defenses:  The “effector phase” of the immune response is when the innate immune components continue to interact with specific immune components after the specific defense has begun.  Interaction between innate and specific immune parts occurs with both antibody-based and cytotoxic effector immune defenses.

 
Cytotoxic immune defenses, such as Tc lymphocytes and NK cells, are important for destroying modified host cells such as tumor cells or host cells infected with intracellular pathogens such as viruses, by recognizing antigenic peptides on an infected cell surface.

Cytokines:  Cytokines are important for development of immune responses.  In mice, Th1 cytokines include IL-2, IFNγ and TNFβ.  Th2 cytokines include IL-4, IL-5, IL-6, IL-10 and IL-13.     

Cytokines interact to control the immune response.  While either the Th1 or Th2 cytokine profile may be dominant depending on the type of immune response, both groups are likely to be present together for regulation and balance.

Vaccines and Immunization:   Secondary or booster immunizations increase the efficiency of the specific immune response by increasing the size (cell population) and strength of epitope recognition.  Effective immunization involves appropriate targeting of the immune system as well as use of adjuvants.  While cytokines can be applied as adjuvants, it is usually more effective to use an adjuvant that induces a known cytokine profile; for example, aluminum hydroxide as an adjuvant induces a primarily Th2-like cytokine response.   Depending on the particular pathogen, the immune defense will benefit from a profile dominated by Th1- or Th2-like cytokines.   It is important for vaccines to target DCs and also induce their maturation by producing “danger signals”.   Without DC maturation, the induced response may be ineffective or even result in a state of tolerance.  Toll-like receptors (TLR) can be used not only to target DCs but also for interaction which activates the DC and often induces maturation.  Adjuvants containing lipoproteins or lipopeptides target TLR2 and/or TLR4, and stimulate DC maturation.

Conclusions:  Precise interaction of monocytes, DCs, and T and B lymphocytes is critical to immune response development.  These cells control cytokine production and antigen delivery.  Also critical in the immune response development is delivery of intact virus antigen to B lymphocytes and processed antigen (peptide + MHC class II molecules) to Th lymphocytes. 

QUESTIONS
1. Which is not a component of the innate immune defenses?

a. Mucosal secretions

b.Complement

c.Specific antibodies

d. Macrophages

2. The critical interaction between the innate and specific parts of the immune system involves the role played by ____  _____ cells.

3. Which cell type is at the center of antigen presentation for both primary and recall immune responses?

4. B lymphocytes present antigen to which subset of T lymphocytes? 

5.  There are two different categories of dendritic cells:  immature and mature.  In which category are Langerhans cells and dermal DCs?

6. To be efficient, vaccines must target DCs and also induce their _______________ .

7.  Critical in the development of the immune response is the delivery of (intact or processed?) antigen to B lymphocytes, and the delivery of (intact or processed?) antigen to Th lymphocytes.

8. True/False:  Inflammatory “danger” signals, including proinflammatory cytokines and factors release during tissue damage, promote DC maturation.

9.  Which step(s) is(are) required for activation of B lymphocytes?

            a. continued stimulation of the membrane immunoglobulin-like receptors on the B lymphocytes by the antigen

            b. continued stimulation of the surface cytokine receptors on the B lymphocytes by factors produced by Th lymphocytes

            c. A physical interaction between the B and Th lymphocytes.

            d.  All of the above.

10.  True/False:  Vaccine formulations which stimulate the immune system to produce responses including cytokines are superior to administration of the cytokines themselves.

11. Adjuvants containing lipoprotein or lipopeptide moieties stimulate __(cell type)____ maturation.

ANSWERS
1. c. 

2. Antigen-presenting cells (APCs) 

3. Dendritic cells (DC) 

4. memory T lymphocytes 

5. immature DCs 

6. maturation 

7. B lymphocytes need intact antigen presented to them. Th lymphocytes require processed antigen, which is peptide in association with MHC class II molecules. 

8. True 

9. d. All 

10. True 

11. Dendritic cell (DC) 

Applications and Optimization of Immunization Procedures  (pages 241-257)

Immunization is used or is being investigated for the prevention and treatment of infectious diseases, cancer, addictions, allergies, and pregnancy to autoimmune diseases. It is also being used to produce biologically active materials such as polyclonal and monoclonal antibodies, antivenins, and antitoxins for treating a wide range of conditions. A large number of diseases exist for which there is no effective preventive vaccine. In these situations, a simple antibody response against primary surface antigens is not effective. Other reasons are antigenic variation, latency, ability to replicate intracellularly, immunosuppression, and integration of viral DNA to host cell genome. The efficacy of vaccines has typically been measured by the degree of humoral response. Many next generation vaccines produce cell mediated immunity (CMI) and specific response in tissues such as mucosa of the lung, gut, or reproductive tract. Tuberculosis is a typical example for which new protocols add adjuvants to induce Type 1 responses, and new routes (eg. Oral vaccination) are used to induce a lung mucosal CMI response by targeting the gut mucosa. Several additional strategies used to induce effective immunity without adverse consequences include subcomponent vaccines, peptide vaccines, recombinant DNA vaccines, chimeric vectors, and alternative routes of administration. Maternal immunization, in which the dam is immunized against a specific disease to develop high levels of antibodies to pass on to her newborn, has been practiced for many years in veterinary medicine and is being seriously investigated as an approach in human medicine. Nonhuman primates have a placental anatomy and physiology most closely linked to humans, which makes them appropriate for this type of research. Processed antisera or extracted immunoglobulins are used to treat life threatening conditions such as rabies, diphtheria, tetanus, botulinum intoxication, and venomous snakebites. Antitoxin and antivenom are generally manufactured from antibody-rich serum produced by horses or other large animals. 
 
Bacille Calmette-Guerin (BCG) is used around the world to treat bladder cancer.Different types of cancer vaccines under development include whole cell vaccines, ganglioside vaccines, DNA vaccines, heat shock protein-based vaccines, peptide vaccines, and dendritic cell vaccines. Advances in molecular characterization of tumors have identified tumor associated antigens that are potential targets for use in cancer immunization protocols. Direct injection of immature dendritic cells into tumors is a novel approach being used to induce an immune response.
 
Vaccines are under development for a number of chronic infectious and degenerative diseases such as HIV, hepatitis, tuberculosis, parasitic disease, and gastric ulcers. Monoclonal antibody (MAb) therapy has been used to induce immunosuppression and prevent organ rejection. Antitumor necrosis factor(TNF) MAbs have been used in the treatment of rheumatoid arthritis. Anti-TNF therapy has also been studied in other chronic conditions like Crohn’s disease, spondyloarthropathies, juvenile arthritis, and psoriasis. Transgenic mouse technologies have allowed the introduction of transgenes on yeast artificial chromosomes (YACs) into the mouse germline, generating mice with larger potions of the human immunoglobulin (Ig) loci. XenoMouse contain large base-sized YACs from which IgG MAbs have a diverse human adult-like repertoire with the CDR3 regions more similar in length to human than to mouse. Immunizations for antibodies  has been used to produce reagents for diagnostic tests that depend on antibodies as part of the detection systems, such as radioimmune assays, enzyme-linked immunosorbent assays (ELISAs). Specific allergen immunotherapy has been effective in treating rhinitis and anaphylaxis. Recently transgenic mice have provided opportunities to study the immune system in detail. For example, the ability of an adjuvant to activate toll-like receptors (TLRs) is derived from a lack of effect on mice deficient in TLR-4.
 
The mouse response to DNA vaccination has been very successful, but such success has not translated to as predictably in other mammalian species such as dogs and humans. The human lymphocyte antigen (HLA) transgenic mouse express human major histocompatibility complex (MHC) molecules and is an example of a transgenic mouse strain that has been used for screening a battery of antigen candidates for potential human CMI responses. The protocol for immunogenicity testing is often limited to a single dose because the first response is most capable of discriminating the amount and quality of the immunogen. The animals most commonly used in quality control testing protocols are guinea pigs, mice, rats, and nonhuman primates. For a single vaccine valence, inbred strains produce the most repeatable results whereas an outbred stock that responds sufficiently to all valences may be ideal for measuring the response to a multivalent vaccine. Immunization against sperm antigen or testis/epidydmis specific protein has proved to be a successful technique to prevent conception in numerous animal models. Human clinical trials for nicotine and cocaine addiction are ongoing to study the generation of specific antibodies that will bind with the drug and prevent its entry into the brain.
 
Immunization with plasmid DNA-encoding antigenic proteins elicits both antibody and cell-mediated immune responses. Protection against viral pathogens is improved when DNA plasmid inoculation is followed by a booster of the same encoded antigen expressed in recombinant viral vectors. Isolating and cloning the genes that code for protective immunogens has been successful for producing recombinant peptides. Various prime-boost combinations of different recombinant vectors, a single recombinant vector followed by subunit proteins, or a single recombinant vector followed by an inactivated cell-based vaccine are being used to augment protection. Various routes of vaccinations include transcutaneous, intradermal, mucosal, lymph node, intraperitoneal, and intramuscular. The only adjuvants currently used in licensed human vaccines are aluminum based. 
 
A useful review of protocols for antibody production includes guidelines for injection quantities, sites, and schedules. Volumes that are administered are relative to the size of the animal. Inoculations using the same route but in different anatomical sites can in some cases influence the intensity of immune response, as has been shown with gluteal i.m. responses compared with deltoid i.m. responses for hepatitis B vaccine. The optimal schedule for maximizing antibody production varies with species, antigen, and adjuvant. Generally, optimal results occur using booster doses atleast 4 wk after the first injection. The secondary immune response induced by boostering activates memory cells that are formed after the primary inoculation and has the following characteristics- a shorter latency phase before antibody production; a faster log phase of increasing antibody concentration; more IgG, E, or A and less IgM; and antibodies of greater affinity and avidity. 
 
Studies using the same adjuvant have shown large differences in the intensity of responses between species. The guinea pig model used in diphtheria vaccine potency testing has many characteristics of preferred animal model. The use of humanized mice (SCID mice reconstituted with human immune cells) and transgenic mice can provide rapid answers to specific human immune cell responses in an in vivo model. There may be a range of animal models susceptible to a specific disease, but the model selected should depend on the objectives of the study. For eg. Herpes viruses infect a range of animal species. Guinea pigs and nonhuman primates have been used for immunogenicity studies, mice and primates for protection studies, rabbits for ocular infection, and mice, guinea pigs, and rabbits for latent infection. Animal size also influences animal model selection, particularly when the objective of immunization is to manufacture immunoglobulins on large scale. This goal is traditionally accomplished in large animals such as horses. New technologies such as multiplex microsphere immunoassays allow quantification of antibodies to several different antigens using the same serum sample.
 
Strain differences in intensity of immune responses to specific antigens in mice and rats have been documented for both antibody and cell-mediated immunity. For eg. CD rats produce higher antibody responses, whereas F344 rats exhibit elevated DTH responses to KLH immunization. When the animal is an infant, initial antibody responses are primarily IgM based and nonspecific. As the animal matures, the responses become more IgG/A/E based, with an improved memory response. Specific pathogen-free (SPF) animals can have immune responses that differ from conventional animals and from other SPF animals exposed to different commensal flora. The normal flora can influence both gene _expression in antigen-presenting cells and the way T cells respond to vaccines. Levels of circulating hormones can have a marked effect on the immune system. Stress in animals affects the immune response. Shipping cattle or mixing unfamiliar pigs has been shown to suppress immune responses to vaccination. Nutritional status, particularly nutritional insufficiency, is also known to affect immune responses. Protein deficiency has been demonstrated to affect thymic function and immunological maturation in rats. Supplementation with vitamins A, E, & C, and with selenium has been demonstrated to enhance immune response in specific circumstances such as heat stress, weaning, or increased growth periods. 
Questions:

1. Name the animal used to study maternal immunization and fetal antibody transfer. 

2. _____________ is used to treat bladder cancer. 

3. ________________ is used to induce immunosuppression and prevent organ rejection. 

4. _________________ have been used in the treatment of rheumatoid arthritis. 

5. ___________________ transgenic mouse expresses human major histocompatibility complex molecules. 

6. The protocol for immunogenicity testing requires multiple dosing as the first response is unable to discriminate the amount and quality of the immunogen. True or False 

7. Inbred strains produce most repeatable result for single vaccine valence whereas outbred stock is ideal for measuring the response to multivalent vaccine. True or False. 

8. The adjuvants currently used in humans are __________ based. 

9. Inoculations using the same route but in different anatomical sites can influence the intensity of immune response. True or False 

10. Name the animal used in diphtheria vaccine potency testing. 

11. Name the animal used for large scale immunoglobulin production. 

12. Name the technology used for quantification of antibodies to several different antigens using the same serum sample. 

13. The antibody response during infant stage is primarily _____ based. 

14. __________ deficiency have been shown to affect thymic function and immunological maturation in rats. 

Answers:

1. Nonhuman primates 

2. Bacille Calmette-Guerin (BCG) 

3. Monoclonal Antibody Therapy 

4. Antitumor Necrosis Factor 

5. Human Lymphocyte Antigen (HLA) 

6. False 

7. True 

8. Aluminum 

9. True 

10. Guinea pig 

11. Horse 

12. Multiplex microsphere immunoassay 

13. IgM 

14. Protein                

Monocolonal Versus Polyclonal Antibodies:  Distinguishing Characteristics, Applications, and Information Resources  (pages 258-268)

Questions:

1. List some of the functions of antibodies. 

2. Antibodies are produced by which cell type? 

3. Describe the basic structural makeup of immunoglobulins.   

4. Name the five (5) classes of immunoglobulins found in mammals.  Name the classes found in the avian species 

5. Under physiological pH, _____________ is capable of fragmenting all immunoglobulin isotypes, irrespective of species, into Fab and Fc fragments by cleaving the heavy chain above the disulfide bonds that hold them together. 

6. ___________ cuts the antibody molecule below the disulfide bond linkage, giving rise to the F(ab’)2 and various fragments of the Fc region. 

7. Which part of the antibody imparts biological effector functions, such as NK cell activation, activation of the classical component pathway and phagocytosis? 

a. Fc 

b. F(ab’)2 

c. pFc’ 

d. Fv 

e. Fab 

8. Where is the antigen binding domain? 

9. Which of the following is true regarding the ‘hinge’? 

a. Connects the two arms of the antibody molecule and the tail 

b. This region is deficient in proline, threonine and serine 

c. It imparts lateral and rotational movement to the antigen-binding domains 

d. Both a and b 

e. Both a and c 

10. True or False?   The specificity of the antibody response is mediated by T cells ONLY through membrane-associated receptors that bind antigen of a single specificity. 

11. How are memory B cells produced? 

12. What is the difference between polyclonal and monoclonal antibody response? 

13. Define monoclonal gammopathy.  Who is responsible for having devised the technique for generating monoclonal antibodies of a desired specificity? 

14. Define specificity. 

15. True or False?   The impact of conformational change is of less concern when using monoclonal antibodies. 

16. Define affinity. 

17. True or False?   The affinity response improves as the immune response matures due to somatic mutation in the hypervariable regions. 

18. Define avidity. 

19. List the 3 factors that determine avidity. 

20. Why is species selection an important consideration when immunizing with mammalian proteins? 

21. List the species of choice for producing polyclonal and monoclonal antibodies.  What nonmammalian species is known to produce a significantly greater quantity of antibodies than the rabbit? 

22. True or False?   Polyclonal antibodies can be produced as ascites in mice by injecting tumor cells intraperitoneally into immunized mice. 

23. What type of antibodies have better specificity?  Why? 

24. Define the acronym HRP. 

25. Describe the differences in Western blot vs. immunoblot. 

26. Define the acronyms:  

a. ELISA 

b. ELISPOT 

c. FACS 

d. MACS 

e. PET 

f. SPECT 

27. Which of the acronyms above requires 2 antigen-specific antibodies, one of which is coated onto a solid substrate? 

28. Which application utilizes sandwich-based methodology, one antibody for capture and another for detection, but both specific for the same antigen? 

29. Between ELISA and ELISPOT, which is MOST sensitive?  Why? 

30. What type of antibody is preferred for X-ray crystallography? 

31. Which of the applications uses fluorophore-conjugated antibodies that are subsequently streamed past a laser and detector system? 

32. Which procedures allow analysis of spatial _expression of an antigen relative to an individual cell or whole tissue?  

33. True or False?  Antibodies can also be used in the purification/enrichment of antigens, antigen associated molecules, or cells expressing the antigen.  

34. Name 3 methods used for purification of antigens. 

35. Define abzymes. 

36. What can be used to act as a “carrier” molecule for small haptens which cannot stimulate an immune response themselves alone? 

37. Define intra-antibodies (intrabodies). 

38. True or False?  Antibodies can be used to activate B or T cells to proliferate in culture. 

39. Which of the following have been successfully used to neutralize IL-17, anthrax lethal factor, and Clostridium botulinum neurotoxin type B? 

a. MAbs 

b. PAbs 

c. Plasma cells 

d. neurotoxin 

40. Name the MAb used to treat Crohn’s disease in patients? 

41. What were 2 of the difficulties seen with attempts to transfer polyclonal serum from an immune-protected animal/human to a patient? 

42. What are the advantages of using antibodies in lieu of genetically engineering a “knock-out” model? 

43. Name 2 treatment strategies which utilize antibody-dependent cellular cytotoxicity (ADCC). 

44. Name 2 radioactive isotopes that are used to label an antibody or antibody fragment and thereby cause damage. 

45. What is ADEPT? 

46. Passive antibody therapy is being used for treatment of infectious diseases.  Name 2. 

47. How many MAbs have been licensed by FDA for therapeutic purposes to date? 

48. Name the positron emitters of choice for PET and the isotopes of choice for SPECT. 

49. Name the approved radiolabeled MAbs for radioimmunoscintigraphy (RIS). 

Answers:

1. Functions of antibodies include:  first response of the immune system; neutralize or eliminate molecules and organisms; reagent for use in diagnostic assays; therapeutics 

2. plasma cells 

3. Composed of four polypeptides, with two identifical copies of both a heavy and light chain and held together by disulfide and noncovalent bonds (Y-shaped) 

4. mammals:  IgG, IgM, IgA, IgD, IgE; avian:  IgY, IgM and IgA 

5. papain 

6. pepsin 

7. a 

8. the amino terminal ends of the light and heavy chains 

9. e 

10. False. Both T and/or B cells can mediate antibody response 

11. division of B lymphocytes 

12. polyclonal – each of a large number of  lymphocytes is activated to proliferate and differentiate into plasma cells; monoclonal – antibodies are produced by a single B lymphocye clone 

13. Monoclonal gammopathy – clonal expansion of malignant plasma cells in patients with multiple myeloma, whereby the plasma cells produce high levels of identical antibody; Kohler and Milstein 

14. Specificity – the antibody’s ability to recognize a specific epitope in the presence of other epitopes; high specificity results in less cross-reactivity 

15. False – correct answer should be polyclonal antibodies 

16. Affinity – measure of the binding strength of an antibody for a monovalent epitope; affinity constant KA 

17. True 

18. Avidity – the overall binding intensity between antibodies and a multivalent antigen presenting multiple epitopes. 

19. affinity of the antibody for the epitope; the number of antibody binding sites and geometry of the resulting antigen-antibody complexes 

20. Because phlogenetically divergent species generate antibodies to a larger array of foreign epitopes than closely related species. 

21. rabbits; mice; chicken 

22. True 

23. PAbs have better specificity than MAbs because they are produced by a large number of B cell clones 

24. horse radish peroxidase 

25. Western blot is preceded by protein separation on a polyacrylamide gel 

26.   

a. ELISA –  enzyme-linked immosorbent assay 

b. ELISPOT- enzyme-linked immunospot assay 

c. FACS – fluorescence-activated cell scanning 

d. MACS – magnetic-activated cell sorting 

e. PET – positron emission tomography 

f. SPECT – single photon emission computerized tomography 

27. ELISA 

28. ELISPOT 

29. ELISPOT is more sensitive than ELISA because the cytokine can be captured soon after it is secreted from the cell before it becomes diluted in the media. 

30. MAbs – needs a homogenous reagent 

31. FACScan 

32. Immunofluorescence and immunohistochemistry 

33. True 

34. Panning – captures cells using antibody-coated plates 

FACSort – fractionating populations of cells into different groups based on the antigens they express using an antigen-antibody-fluorophore complex on their surface

MACS – used of super-paramagnetic particles coupled to MAbs (microbeads) to separate antibody-bound cells while unbound cells are washed away; to get the cells you want, remove the magnetic field; accomplished in a much shorter time than cell sorting

35. Abzymes are capable of mediating the catalysis, or breakdown of specific synthetic organic reactions; generated by immunizing animals with a chemical structure that mimics the energetically unfavorable transition state 

36. Keyhole limpet hemocyanin protein, a respiratory pigment found in mollusks and crustaceans that is highly immunogenic in vertebrates 

37. Intra-antibodies - genetically engineered antibodies to be expressed intracellularly rather than being secreted; can knock out a specific protein or molecule within a cell functionally 

38. True 

39. a 

40. Remicade (infliximab) – neutralizes tumor necrosis factor (TNF1)-α 

41. 1) lack of reproducibility and 2) toxic side effects associated with injecting foreign proteins 

42. 1) antibody is administered to an existing animal, therefore no need to generate a genetically engineered model; 2) depletion is reversible 

43. treatment of cancer - Breast cancer and non-Hodgkins lymphoma 

44. iodine 131 and yttrium 90 

45. ADEPT = antibody-directed enzyme pro-drug therapy 

46. hepatitis B virus, rabies virus, and respiratory syncytial virus 

47. 12 therapeutic MAbs 

48. PET:  gallium 68 and fluorine 18 

SPECT:  low-energy emissions, iodine 131,  iodine 123 and indium 111

49. Oncoscint 

Carcinoembryonic antigen
Verluma
ProstaScint
They are agents approved for use in the detection of ovarian and colorectal carcinoma, small lung cancer and prostate cancer

Critical Steps in the Production of Polyclonal and Monoclonal Antibodies:  Evaluation and Recommendations  (pages 269-279)

Several critical steps have been identified for the production of polyclonal antibodies (PAbs):  1)  preparation of the antigen, 2)  selection of the animal species, 3) selection and preparation of the adjuvant, 4)  injection protocol, 5)  postinjection observation and 6) collection of the antibodies.
    */Preparation of the Antigen/*  It is very important to assure that the antigen to be injected is pure.  Impurities of <1% may be immunodominant (especially bacterial antigens) and result in antibodies that have more activity against the impurity than the desired antigen.  Antigen preparations that are contaminated with endotoxins such as lipopolysaccharide or chemical residues may be toxic to the animal in which they are injected.  Diluents should be endotoxin free and the pH should be adjusted to within physiological limits.  In general, microgram to milligram quantities of protein antigen are needed in conjunction with an adjuvant to elicit high-titer serum resonses.  The usual dose of a soluble protein administered with Freund's adjuvant for rabbits is in the range of 50-1000 ug; for mice, 10-200 ug; for goats and sheep, 250-5000 ug.

    /*Selection of Animal Species*/  One must consider the amount of 

PAb needed, ease of obtaining blood samples, the phylogenetic relationship between the antigen and the animal species, and the intended use of the PAb.  Rabbits are used most often because of their size, ease of handling and bleeding, relatively long life span and adequate production of high-titer, high-affinity, precipitating antiserum.  For even larger amounts of PAb, sheep, goats and horses are used.  Chickens can also be used to generate IgY antibodies from the egg yolk at concentrations of approximately 100-250 mg of IgY/egg.  This is considered more humane, because blood does not need to be collected from the hens and laying hens are continuously producing eggs containing the desired antibodies.  Disadvantages to using chickens are the specific housing requirements of this species, limited availability of conjugated antibodies for this species and difficulties in the isolation and purification of antibodies from the egg yolk.  The greater the distance between the animal species being used as a source of antigen and the species in which antibodies will be raised, the better the immune response.  If PAb's generated are to be used in an ELISA, the animal species from which the primary PAb is generated needs to be different from the species being used to make the conjugated (secondary) antibody.  Young adult animals are preferred for antibody production, due to their robust immune response.  Use of disease-free animals minimizes the likelihood of cross-reactivity to other antigens.

    /*Selection and Preparation of the Adjuvant*/  When the antigen to which antibodies are to be generated is poorly immunogenic, an adjuvant must be used to induce an effective immune response.  More than 100 different adjuvants have been described and are discussed further in another article in this ILAR issue.  Freund's Complete Adjuvant (FCA) and Freund's Incomplete Adjuvant (FIA) are frequently used because high antibody titers are induced to almost all types of antigens, whereas alternative adjuvants (Aluminum salts, Guil A, Iscoms, Montanide, TiterMax and RIBI) have not induced effective antibody responses in many cases.  Earlier reports of severe side effects after injection of FCA can be minimized or eliminated by careful control of injection quantity and injection site selection.  The FCA used in earlier literature was also not as pure and was more toxic than that available currently.  Preparation of the adjuvant/antigen mixture may also influence the outcome of the immunization.  One must minimize potential contamination of materials injected and the injection site.  If an emulsion (FCA or FIA) is used, the stability and quality of the emulsion should be checked.  Use of emulsion will result in slow release of antigen to the animal immune system and better antibody production.

    /*Injection Protoco**l*/  The most frequently used routes of injection for PAb production are subcutaneous (SC), intradermal (ID), intramuscular (IM), intraperitoneal (IP) and intravenous (IV).  Footpad, intrasplenic and intra-lymph node injection are not usually necessary for PAb production and should be justified on a case-by-case basis, because injection into any closed space is painful.  Oil adjuvants are best administered subcutaneously to utilize the depot effect.  The IV route for water-in-oil emulsions (FCA and FIA) may be lethal and the IV route is not advised for large particulate or viscous gel adjuvants due to risk of embolism.  For FCA, the IP route is not recommended because it is known to induce inflammation, peritonitis, and behavioral changes.  The ID route is not recommended in small rodents and the IP route is not recommended in larger animals.  When the IV or IP route is used for booster injections there is a risk of inducing anaphylactic shock.  The negative effects of FCA depend on the jnjection volume, so the smallest volume possible should be injected.  In Europe, a maximum of 4 injection sites is suggested when emulsions are used.  The time between two immunization steps can affect both the induction of B memory cells and the class switch of B cells.  In general, a booster can be considered after the antibody titer has reached a plateau or begins to decline.  When the first immunization is performed without a depot-forming adjuvant, the antibody titer usually peaks 2-3 weeks after immunization.  With a depot-forming adjuvant, a booster injection usually follows at least 4 weeks after the first immunization.  The number of booster injections should be limited for the welfare of the animal.  A maximum of 2-3 boosters are recommended and FIA should be used for booster injections.

    /*Postinjection Observation*/  Animals should be monitored daily and examined for specific side effects at least three times weekly.  Examination and palpation of the injection sites are essential to evaluate side effects.  Monitoring of the antibody response is done by blood collection in all but yolk antibody based regimens.  As a rough guide, 10% of the circulating blood volume can be taken, which, in practice translates to up to 1% of the total body weight of an animal.  If this maximum amout of blood is collected, the animal needs to be rested for 3-4 weeks before another bleeding.

    /*Collection of the Antibodies*/  Exsanguation must be performed under general anesthesia and is best carried out by heart puncture.  Euthanasia should be in accordance with the 2000 Report of the AVMA panel on euthanasia.

Critical steps in Monoclonal antibody (MAb) production are:  immunization to generate antigen-specific B cells in which the same critical aspects of antigen selection; aseptic antigen processing; adjuvant selection; preparation of antigen-adjuvant mixture; choice of immunization route, injection volume and aseptic inoculation as in PAb production.  BALB/c mice are typically used, because many of the 

myeloma cells available for fusion have a BALB/c origin.  Severeal booster immunizations are typically needed, with intervals of 14-28 days between boosters.  A final booster is administered a few days before the animal is sacrificed and B cells are harvested, typically from the spleen.  Antibody-producing B cells are fused with nonsecreting myeloma cells and the product is then cloned and selected for antigen specificity.  Failures related to in-vitro MAb production are often attributable to the improper selection and subcloning of hybridoma cells.  Monoclonal antibody production and harvesting of the antibodies is accomplished by in-vitro methods or by ascites induction in mice.  Ascites production is strongly discouraged in several European countries and in a 1997 "Dear Colleague" letter from the NIH Office for Protection from Research Risks.  Well-documented justification, such as poor growth of hybridoma cells in vitro, even after subcloning and strict adherence to production guidelines are recommended for any MAb production by ascites induction in laboratory animals.  BALB/c mice are typically used, and primed 7-10 days prior to IP injection of hybridoma cells with an IP injection of pristane (or FIA).  Animals should be observed at least 3 times per day for the first week and daily thereafter to monitor for degre of abdominal distention and signs of illness.  Ascites fluid must be collected before the addonimal distention leads to significant health problems, which is usually 1-2 weeks after injection of hybridoma cells.  Typical production ranges from 0-10 ml/mouse with an average of 2-4 ml/mouse and a MAb concentration of 1-28 mg/ml.  The number of taps should be limited to a maximum of 3 and at any point that there is evidence of debilitation, pain or distress the animals should be humanely euthanized.

QUESTIONS:

1)  Select the most widely used animal for polyclonal antibody production (PAb):

       A) Dogs

       B)  Rabbits

       C)  Sheep

       D)  Goats

       E)  Horses

2)  Use of chickens for polyclonal antibody production (PAb) results in production of the following class of specific antibody:

       A)  IgG

       B)  IgM

       C)  IgY

       D)  IgE

3)  Typically, the most humane route of antigen/adjuvant injection for production of  polyclonal antibodies (PAb) is:

       A)  Intradermal

       B)  Subcutaneous

       C)  Intravenous

       D)  Intraperitoneal

       E)  Intramuscular

4)  Monoclonal antibody production (MAb)  typically uses the following animal to generate antigen specific antibody-producing B cells:

       A)  BALB/c mouse

       B)  Nubian goat

       C)  SPF Rabbit

       D)  Sheep

ANSWERS

1)  B

2)  C

3)  B

4)  A
Adjuvants and Antibody Production:  Dispelling the Myths Associated with Freund’s Complete and Other Adjuvants  (pages 280-293)

Introduction
Adjuvants 

· substances injected along with an antigen that are intended to enhance the humoral and/or cell-mediated immune response to the antigen. 

· generally allow the use of a smaller antigen dose. 

· prophylactic adjuvants used to create therapeutic vaccines; must induce humoral antibody response, an activated CD4 cell-mediated response, or a CD8 cytotoxic lymphocyte response  with minimal short or long term side effects. 

· adjuvants for experimental purposes are used to produce antibodies by enhancing the reaction to the antigen, and to increase antibody response in both intensity and duration. 
Adjuvant effects
Mechanisms of adjuvant action can include any of the following 

· “depot” effect – protecting the antigen from dilution, rapid degradation and elimination by the host allowing a slow prolonged exposure to a low level of antigen. 

· emulsions are the most commonly used depot agents. 

· other commonly used depot agents include aluminum compounds, microparticles, liposomes, and alginate-poly-L-lysate microcapsules. 

· antigen presentation effect – preserve the conformational integrity of the antigen while presenting it to the appropriate effector cells, usually APCs and macrophages. 

· immunomodulational and immunostimulatory effects – recruit activate and enhance differentiation of immune cells. This is accomplished through the interactions of toll-like receptors and  microbial cells, microbial cell components, or chemically modified cell products in adjuvants. 
Freund’s Adjuvants
· although possessing superior immunostimulatory capabilities Freund’s is associated with a variety of lesions; most notably granuloma formation 

· Freund’s Complete (FCA) is composed of light mineral oil, a surfactant agent, and dried mycobacterial cells 

· Freund’s Incomplete (FIA) lacks the mycobacterial cell component 

· aqueous antigen is emulsified in a water-in-oil preparation 

· mineral oil acts to 1) establish an antigen depot, persisting at the injection site for up to 22 wks 2) provide a vehicle for antigen transport to immune effect cells, 3) interact with APCs 

· Mycobacterial cells increase the humoral antibody response and is essential for delayed-type hypersensitivity reactions. 

· most commercially available FCAs use avirulent strains of M. tuberculosis or M. butryicum 

· development of cell-mediated sensitivity to the mycobacterial component of FCA prevents its use in re-immunizations 

· focal necrosis and granuloma formation with prominent “foamy” oil-filled macrophages is the hallmark of a FCS injection site 

· intradermal FCA injections are associated with large ulcerative granulomas 

· subQ FCA injections may migrate from the initial site to form fistulous tracts 

· IM FCA injection can produce granulomas that extend through muscle plane to involve nerves 

· granulomas can be found in draining lymph nodes, kidneys, spleen, lungs, and other organs 

· several studies in rabbits injected with FCA and/or FIA showed no clinical or behavioral abnormalities indicative of pain or distress, leading to the conclusion that FCA could be used humanely in this species 

· a similar study in mice reported clinical and behavioral sign of pain for 2-3 days after IP injection of FCA 

· historical use of FIA in humans as well as human diseases characterized by granuloma formation would suggest that similar lesions in animals would not be painful 

Other Water-in-Oil Adjuvants
 commercially available preparations can be divided into 2 groups: those using poorly metabolizable oils and those with metabolizable oils

· Specol 

· composed of light mineral oil with emulsifiers, Span 85 and Tween 85 

· antibody production with Specol in some instances is comparable to FCA and less effective with other antigens 

· histological lesions are generally fewer than those produced by FCA and similar to those produced by FIA 

· TiterMax & TiterMax Gold 

· composed of squalene (metabolizable oil), sorbitan monooleate 80 (emulsifier), a patented block copolymer, and microparticulate silica 

· studies have reported varying antibody responses to antigens relative to FCA but generally less severe lesions 

Oil-in-Water Adjuvants
· typically formulated with a small amount of oil dispersed in an aqueous phase 

· tend to be transported rapidly to draining lymphatics, not forming depots at injection sites 

· have less tendency to produce chronic inflammation, tissue destruction, & sequelae at injection sites; more suitable for therapeutic vaccines 

· RIBI Adjuvant 

· uses a small quantity of squalene and Tween 80 with antigen 

· less viscosity allows sterilization by filtration, easily injected 

· poor adjuvant, requires one of 3 immunostimulants: TDM (lipid component of mycobacterial cord factor), MPL (chemically modified form of lipid A), CWS (cell wall skeleton) 

· in mice RIBI generally produces fewer lesions than FCA with a stronger antibody response 

· Syntex Adjuvants 

· microfluidized oil-in-water emulsion which enhances transport from injection site to draining lymphatics 

· developed as a prophylactic vaccine adjuvant 

· Immune-stimulating Complexes (ISCOMs) 

· 30-40 nm combinations of honeycombs of antigen, cholesterol, phospholipids, and a saponin. 

· adjuvant production is complicated and labor intensive 

· not suitable for hydrophilic antigens 

· no studies have reported significant lesions after injection 

· Aluminum Salt Adjuvants 

· produced by absorption of antigen onto aluminum phosphate or aluminum hydroxide 

· used in production of human and veterinary vaccines for over 60 years with an excellent safety record 

· aluminum salts electrostatically bind to antigen producing a short-lived depot effect 

· Gerbu Adjuvants 

· based on the use of the immunomodulator GMDP, a soluble glycopeptide from Lactobacillus bulgaricus 

·  contain cimetidine as an immune enhancer; most contain saponin 

· developed primarily as adjuvants for therapeutic human and veterinary use 

· produce few lesions and are well tolerated but fail to produce polyclonal antibodies that equal those of other adjuvants 
Routes and Volumes of Adjuvant Administration
· subQ and intradermal routes make use of the presence of Langerhan cells 

· ID injections can be painful and ulcerate 

· subQ injections are less painful but have the potential to form fistulous tracts 

· IM injection are acceptable for large volumes of adjuvant but can be painfulIP injections are frequently used in mice but are known to induce an acute local inflammatory response, behavioral changes, and peritonitis. 

· generally not recommended for polyclonal antibody production 

· footpad injections of adjuvants in rabbits is considered inappropriate and prohibited by most institutions 

· footpad injections in rodents has been justified based on the need to localize the immune response to the popliteal lymph node 

· this injection is generally discouraged and replaced with tail base or dorsum of the foot injections 

· increases in FAC injection volumes generally do not increase the antibody response although the extent of the lesions produced increases 

· adjuvant volume is believed to have a major influence on lesions produced 

Questions:
1) True/False  The present formulations of Freund’s Complete adjuvant, the gold standard for adjuvants, are much less reactive and toxic and rarely induce the considerable granulomas and pathological lesions seen in the past. 

2) True/False With the notable exception of IP injections of Freund’s Complete adjuvant in rodents, scientific evidence does not support a conclusion of pain or distress after injection of newer FCA formulations. 

3) True/False Despite the availability of other adjuvants that produce equal or better antibody responses via the intraperitoneal route, the IP injection of FCA is acceptable and generally recommended. 

4) Freund’s Incomplete adjuvant, Specol and TiterMax are all examples of ______________ type of adjuvants. 

5) Injection site necrosis and a granulomatous inflammatory response with prominent “foamy” oil filled ______________ are hallmark histological lesions of FCA. 

6) Selection of an immunological adjuvant is, in part, dependent upon the desired effect of the adjuvant. Oil-in-water or water-in-oil adjuvants are used because of their "depot" effect, whereas oil-in-water or water-in-oil adjuvants are usually selected to reduce chronic inflammation, tissue destruction and sequelae at the injection site. 

Answers: 

1) False 

2) True 

3) False 

4) Water-in-oil 

5) Macrophages 

6) water-in-oil; oil-in-water 

Refinement of Polyclonal Antibody Production by Combining Oral Immunization of Chickens with Harvest of Antibodies from the Egg Yolk  (pages 294-299)

Objective:  Polyclonal antibody (PAb) production in mammals associated with multiple injections, bleeding and the use of adjuvants.  The objective of this article is to exploit voluntary oral intake immunization of birds and harvesting immunoglobulin from egg yolks.

Chicken immunization studies:

- The immunized birds produce PAb antibodies which are passed from blood to egg yolk.    

- The most abundant immunoglobulin in the egg yolk is IgG which is referred to as IgY when found in egg yolk. 

- Complete Freund adjuvant increases the antibody titer but reduces number of eggs

- Immunization schemes that have been developed for mammalians also work for hens.

- 100 mg IgY can be extracted from each egg

- Oral administration of antigen to newly hatched chicken induce tolerance

- Oral administration (gavage) in 15 days chicken resulted in circulatory antibody

- Ameiss, et. al., 2004 reported ad lib drinking water administration of a protein antigen was as effective as IP or gavage routes of antigen administration 

-CTB (cholera toxin subunit B) and Rhinvax ( pegylated C8/C10/mono/diglyceride) are used as adjuvant in oral immunization 

- SC administration of antigen with FIA (Fruend incomplete adjuvant) produced 10X 

more antibodies than oral administration of antigen with CTB and Rhinovax

- Oral immunization in chickens is still in its infancy

Advantage of using birds for PAb production, “3 Rs”:

-         An egg-laying hen produces more PAb than a similar size mammal (Reduction)

-         Voluntary intake of antigens and harvesting PAB from eggs replaces using adjuvant and numerous injection and animal restraining (Refine)

-         This technique reduces use of mammalians which have higher neurophysiological sensitivity (Replace)

Other advantages of using birds for PAb production:

-         Because of phylogenetic distance between mammalian and birds it is easier to produce antibody against highly conserved mammalian proteins

-         IgY does not bind to mammalian complement

-         IgY does not cross-react with mammalian immunoglobulin, therefore, decrease false-positive in ELISA test

Questions:

1. The IgY Immunoglobulin refers to the immunoglobulin that is found in 

a. Egg white                c. serum 

b. Egg yolk                  b. plasma 

2. The IgY is similar to mammalian 

a. IgE               c. IgA 

b. IgM              d. IgG 

3. Oral administration of antigen to newly hatched chicken induce tolerance (T/F) 

4. The amount of antibodies that can be harvested from each egg is about 

a.  10 mg/egg           c.  1g/egg

b.  100 mg/egg         d.   10g/egg

5. The advantage of IgY to use in research or diagnosis purposes are 

a. Does not bind to mammalian complement            c.  a and b 

b. Decrease false-positive in ELISA test                  d.   a only 

Answers. 

1. b    

2. d.

3. T

4. b

5. c

Using Polyclonal and Monoclonal Antibodies in Regulatory Testing of Biological Products  (pages 300-306)

Assays utilizing polyclonal and monoclonal antibodies are commonly used by industry and regulatory agencies for the evaluation and testing of vaccines and vaccine-related products.  It is critical that the batches of vaccines produced are consistently efficacious, and this article describes the use of antibodies in assays to assure such efficacy.  

Selection of the appropriate antibody is an important first step in designing antibody-mediated assays.  The specificity of the antibody should be cons! idered to make sure that the clinically important antigens are being evaluated (i.e. the antigens that induce protective immunity), with little to no cross reactivity to related antigens.  

In addition to specificity, the affinity and avidity of the antibody preparation should be considered.  Affinity refers to the strength of the antigen-antibody bond, while avidity refers to the overall stability of the complex.  Some situations require high affinity antibodies, and in other assays a high affinity antibody would interfere with the study – thus, the appropriate affinity/avidity should be an important consideration in assay design.

Due to the widespread use of antibodies in these assays, it is critical that there be assay-to-assay repeatability.  The WHO has developed international standard antisera against many pathogens, and there are also commercial sources available.  Changing the lot of an antibody can affect the performance of an assay (particularly for polyclonal antibodies), which highlights the need for consistency and standards.  There are central repositories for hybridomas, as well, to allow individuals to produce their own monoclonal antibodies.  

Questions:

1. Describe the difference between affinity and avidity 

2. One of the most critical applications for antibody-mediated assays (from a regulatory standpoint) is the ______   ______ assay.  

3. Are these assays used more often for modified live or for killed vaccines?  

Answers:

1. Affinity refers to the strength of the antigen-antibody bond, while avidity refers to the overall stability of the antigen-antibody complex. 

2. batch release 

3. killed

Industrial Implementation of in Vitro Production of Monoclonal Antibodies  (page 307-313)

Introduction:            Monoclonal antibodies (mAbs) are used in biomedical, diagnosis, therapy, and vaccine research. They are important tools for antigen discovery, quantification and  characterization, and for release of vaccine lots. Since 1975, when mAbs were introduced with hybridoma technology they have been produced in animals, usually mice. Hybridoma cells are hybrid constructs obtained by fusion between a myeloma cell and an antibody-producing lymphoid cell. To multiply antigen-specific hybridoma cells, they are injected into the peritoneal cavity of a mouse primed with pristane where they produce fluid containing a high concentration of mAb. The mouse ascites method is easy to set up but generates pain and distress in animals.

            In 1998 several countries (Switzerland, Netherlands, Germany, the United Kingdom, Sweden) and GlaxoSmithKline Biologicals (GSK Bio1) have taken steps to reduce the use of animals for mAb production and use in vitro instead in vitro methods for the production of mAbs.                       

Materials and Methods:            Hybridomas and cell culture conditions: The hybridoma cell lines used in this study were fusions of B lymphocytes from rat or mouse with Sp2/0 myeloma cells. All cell lines were cultured using the same protocol: Dulbecco’s modified Eagle culture medium supplemented with glutamine, sodium pyruvate, amino acids, antibiotics, with or without 5% fetal bovine serum. 

            

            Two in vitro systems for producing of mAb at GSK Bio are described: suspension systems where the gas exchange occurs by simple diffusion and hollow fiber systems with optimized exchange artificial capillary system. 

Suspension cell culture systems 

            Stationary. CELLine 1000 is a easy to use, membrane-based disposable system with cultivation and nutrient compartment separated by a semipermeable dialysis membrane, which allows nutrients and growth factors to diffuse. O2 and CO2 diffusion is through a gas-permeable silicone membrane. Abs concentrate in the production medium. It requires a CO2 incubator.The optimal cell concentration is 50×10E6. Cells were counted, and the viability of cells was measured by trypan blue exclusion to ensure an optimal balance between cell density and high viability. Technician with basic cell culture skills is needed. Appropriate for wide spectrum laboratories, with small and large capacity. 

            Rotation miniPERM is a roller bottle two-compartment bioreactor with production and nutrient modules separated by semipermeable dialysis membrane. O2 and CO2 are supplied through silicone membrane. CO2 incubator is needed. The optimum cell concentration is 100×10E6. Technician with mid-level skills. Appropriate for small and medium scale mAb production. Cost-efficient but requires additional initial investment.

Hollow Fiber Bioreactor Systems

            Hollow fibers are small tube-like filters with a predefined molecular weight cutoff. Bundles of these fibers are packed into cylindrical modules and provide barrier to cells and Abs. It has large surface area in a small volume. The walls of the fibers are semi permeable filtration membranes. Cells grow in the extracapillary space that surrounds the fibers, and medium perfuses inside the fibers. Metabolites and small nutrients perfuse between extra and intracapillary space according to concentration gradients. Monitoring can be performed by lactate measurement. 

            CP100. It does not require CO2 incubator. It has two cartridges: cell compartment and oxygenation unit. The optimum cell concentration is 400×10E6. Highly skilled technician is needed. CP100 has high initial investment and operating cost suitable for professional mAb production. 

            CP2500. Can produce high-scale quantities of mAbs. Offers a large cell growth surface. It has cartridge for oxygenation. The optimum cell concentration is 2×10E9. Feeding and harvesting are automatic. No incubator is needed. Initial investment is quite costly, but appropriate for professional mAb production. Highly skilled technician is needed.

            FiberCell. It has medium reservoir and fiber cartridge. CO2 incubator is needed. Oxygenation occurs by gas permeable tubing. The optimal cell concentration is 400×10E6. Mid-level skills are required with moderate investment. It is suitable for routine mAb production.

            Tecnomouse. This is the only compartmentalized system in which five different hybridoma cell lines can be cultured in parallel. The optimum cell concentration is 400×10E6. CO2 incubator is needed. Highly skilled technician is needed. Appropriate for professional mAb production. 

Discussion:            Prior to 1998 at GSK Bio, mAbs designed for use as immunological tools were produced by the mouse ascites method. Since 2000, all productions of mAbs is carried out in vitro and the ascites tumor technique was used only for some medium scale productions (150 mg of mAb) of hybridomas with low-secretion capacity. A hollow fiber bioreactor system is used routinely and since 2003 this system allows for production quantities of 250 to >500 mg of mAb per run. Currently 50% of the mAbs produced are at scale from 150 to 500 mg per run. Hollow fiber technology is appropriate for medium-scale productions with low to high capacity for mAb production and suspension systems are advisable for medium to high producers. 

            The productivity of a cell culture system is the amount of mAbs produced per month, as determined by spectrophotometric measurement after affinity purification on protein A sepharose. No major difference was noticed when comparing CELLine1000, miniPERM, and CP100. The highest level of productivity was obtained with the CP2500. With all bioreactor systems evaluated, the concentrations of Abs obtained were 50 to 200 times greater than with T-flask. Supernatant concentrations were between 100 and 2100 ug/mL reflecting the high variability of hybridomas. The mAb obtained in the supernatants were suitable for use in immunological applications. The consumption of medium was higher for the hollow fiber systems than for the suspension systems. miniPERM consumed less medium than CELLine1000 per mg of Ab. Yet on a mg produced basis, CELLine1000 was more cost effective in medium than CP100, CP2500, and Fibercell. 

            Serum free media may be required to avoid unwanted antigen/antibody reactions. The results indicate that in vitro production systems might be suitable for mAb productions. Some investigators have reported that rat-mouse hetero-hybridomas are less stable than rat-rat hybridomas. In this study no problems were encountered with instabilit. 

The reactivity of 20 Abs produced by either ascites or in vitro methods was evaluated by ELISA or Western blot, and their binding kinetics were shown to be comparable to those of Abs produced in vivo. The binding curve exhibited the same shape for both Abs. All in vitro produced mAbs were found suitable for 12 different immunological applications

Conclusion:            In vitro systems are alternative to murine ascites for mAb production. The ascites method may be justified when hybridoma cells failed to grow in vitro, become infected, or the Abs for therapeutic purposes. Although the in vitro mAb production is more complex than in vivo ascites methods they have advantage that animal pain and distress are avoided.
Questions

1. The two major in vitro systems for producing of mAb are? 

2. Which system allows simultaneous growth of five different hybridoma cell lines in parallel?

3. Which system has the highest level of productivity?

4. Is the productivity of bioreactors tested higher then from T-flasks?

Answers  

1. Suspension and hollow fiber systems 

2. Tecnomouse

3. CP2500

4. Yes

Advances in Monoclonal Antibody Technology: Genetic Engineering of Mice, Cells, and Immunoglobulins (pages 314-319)

Antibody Engineering:  Monoclonal antibodies (MAbs) against tumor antigens (Ag) have inhibited growth of the tumors expressing the Ag. The neutralization of human antimouse antibodies (Ab) that have mouse-derived proteins has lead to issues of anaphylaxis. To decrease the immunogenicity of these Ab, the “humanization” of mouse MAbs has been studied. A modeled structure is compared to the human immunoglobulin (Ig) protein to identify a close match. Recombinant techniques are used to graft complementarity determining regions (CDR’s) from mouse-derived hybridoma Ig cDNA to corresponding regions of the matched human Ig cDNA, so it is less likely to be recognized as a foreign by the human immune system.  Abs are large. In investigations on Ab-like forms and peptides, the smallest functional unit is the CDR peptide. CDRs are 8-20 amino acids (aa) long, and are the “fingertips” of the Ab that contact an object. The affinity of the CDR is judged by its ability to compete with the parental Ab at the binding site. The CDR may be of use in small molecule therapeutics and diagnostic compounds. The Ab uses multiple CDRs to bind an epitope. Peptides are not 3-D structures and can have less affinity than multivalent parental Ab which could limit their applications.  Single chain fragment variables (scFvs) are monovalent and about 1/3 the size of the Ab. The Fv section of an Ab has the portion of the heavy and light chains that each contain 3 CDRs. The scFv is smaller than a Fab (the first small Ab forms made by proteolytic digestion of the Ab) and folds into a conformation similar to the region of the parental Ab and retains a comparable affinity to a Fab. Once scFvs are produced, the can be “humanized”, and used to produce novel fusion proteins to enhance their use as therapeutic agents. This can be necessary because lack of an Fc to stimulate effector function and subsequent cell killing. Pexelizumab a humanized scFv is being used in clinical trials. It binds to the C5 component of complement and has resulted in a significant decrease in myocardial infarctions associated with coronary artery bypass grafts. They may also be used to deliver toxins and chemotherapeutics to solid tumors.  IgG/M Abs induce cellular growth/differentiation and apoptosis, which may depend on a multivalent Ab to promote bound receptor aggregation and activation. Changing the linker length of scFvs residues forms a noncovalent scFv dimmer called a “diabody”. A monovalent scFv and diabody (which acted like the parent Ab) from an anti-CD47 Ab induced apoptosis in leukemic cells. Bivalency can be achieved by the fusion of an antireceptor scFv with the receptor’s ligand. ScFvs of different specificity can be linked together forming bispecific Ab to bind to 2 different receptors on single or different cells, which can enhance the T-cell activity in proximity to targeted tumor cells. Combinations of scFvs and toxins also offer therapeutic options, however the tendency for synthesized fusion proteins to fold improperly and form aggregates limits the design.  Repertoires of the Ab variable region cDNA’s collected from B cells and combinations of variable heavy (VH) and variable light (VL) regions are expressed in the form of scFvs on the surface of filamentous bacteriophage. Phages that express scFvs with the appropriate specificity can then be panned from an Ag coated plate. The affinity of the scFvs can be improved by mutating CDRs of the construct and then repeating the panning selection, so that cancer-specific Ab fragments can be directly isolated from Ab libraries of tumor-infiltrating lymphocytes and lymph nodes of cancer patients. In clinical trials, radiolabeled anticarcinoembryonic Ag scFvs were used to locate colorectal tumors for surgical removal. ScFvs are cleared from the system more rapidly than MAbs, which could decrease the background noise of radiolabeled scFvs versus MAbs, and, because of their smaller size, scFvs would penetrate solid tumors better.

Mouse Engineering- Human Ab

A disadvantage with recombinant phage display is the production of hi-affinity Ab forms involves difficult, unfamiliar procedures. The mouse is the most common progenitor of MAb and derivatives. Humanized AB is a multistep process, so the generation of human MAbs directly from genetically engineered mice (GEM) is of interest. The technology that introduces transgenes onto yeast artificial chromosomes allows the transfer of extremely large human Ig loci into mouse germlines. XenoMouse® and HuMAb Mouse® are GEM carrying the majority of both human VH and VL chains (kappa) repertoire. In the future, research will focus on increasing the Ab repertoire by introducing the human Ig lambda chain locus into these mice. Microcell-mediated chromosome transfer has been used to transfer chromosome fragments with human Ig genes into mice and cattle, representing a possible source of human MAbs and polyclonal Abs.

Mouse Engineering-Production Technology:

The technologies already outlined depend on the generation of an immune response to specific Ag and the ability to harness the B cell component of the response for continued production. Research has also been done to get improved efficiency of MAb-producing hybridoma cell lines. The MRL/MpJ-lpr/lpr mouse has a spontaneous defect in the apoptosis regulatory gene /Fas/, which, when expressed, leads to polyclonal B cell lymphoproliferation and hypergammaglobulinemia in mice. Immunization of the MRL/MpJ-lpr/lpr mice with a transitional state analogue (TSA) produced 8 times as many catalytic Ab-secreting clones as similarly immunized BALB/c mice. The TSA may be recognized as self-Ag so that reactive B cells selectively eliminated it BALB/c mice, but the apoptosis-resistant MRL/MpJ-lpr/lpr cells escaped the negative selection. The antiapoptotic gene expression appears to promote B cell longevity, and results in the recovery of more splenocytes, and when these splenocytes are used to produce hybridomas, they produce more MAbs. Splenocytes from bacteriophage-immunized transgenic mice (H-2kb-tsA58 or “ImmortoMouse”) survive clonal selection and produce bacteriophage-specific MAbs in vitro. The mouse contains a recombinant construct, placing the large T-Ag under control of a temperature-sensitive mutant of the SV40 promoter, so when splenocytes are grown at 33C, the gene is expressed and the cells are immortalized.

Myeloma and Hybridoma Cell Engineering
There is a larger repertoire of hybridoma cell lines obtained when exogenous Bcl-2-expressing myelomas are used in fusions instead of the parental controls, indicating a protective effect of Bcl-2 expression on populations of hybridomas otherwise destined for apoptosis. Strategies are being investigated to identify and restore the expression of deficient genes that are important regulators of cell viability to optimize MAb production. A deletion of a 60 aa unstructured loop from Bcl-2 and Bcl-xl (protein related to Bcl-2) enhanced the protein’s ability to prevent apoptosis. An alternative to increasing cell longevity in batch cultures is to decrease the cell’s production of lactic acid, which, as it accumulates leads to apoptosis. This can be done by homologous recombination to partially disrupted lactic acid dehydrogenase A expression to produce cells higher in density and viability in batch culture. Academic hybridoma centers could test improved MAb production on a large scale by including additional fusions with each Ag submitted and comparing positive clones and MAb productions yields from alternative and conventional approaches. Gains in fusion efficiencies or increases in MAb production would decrease the number of animals for immunization (reduction) and advances in in vitro MAb production technology would decrease the use of in vivo approaches (replacement).

Questions:

1) What is the smallest functional unit of Ab-like forms?

a. amino acid

b. CDR peptide

c. scFv

d. MAb

2) T/F Both the CDR and the scFv don't have a 3-D structure, which can limit their use since they can't achieve the conformation of the parent Ab.

3) T/F An advantage to radiolabeled scFvs is that they are cleared more rapidly from the system than MAb and may penetrate solid tumors better because of their smaller size.

4) Which mouse is not a GEM used in Ab engineering?

a. XenoMouse

b. HuMAb Mouse

c. AffinityMouse

d. ImmortoMouse

Answers:

1) b, 2) F- only the CDR can't form 3-D, 3) T, 4) c

