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METHODS AND COMPOSITIONS FOR THE 
PRODUCTION OF MONOCLONAL ANTIBODIES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to US. Provisional 
Application No. 60/526,360 ?led Dec. 2, 2003. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to immu 
nology. The present invention further relates to methods and 
compositions for the production of monoclonal antibodies 
and in vitro methods for production of such antibodies. 

BACKGROUND OF THE INVENTION 

[0003] The introduction of desired agents into speci?c 
target cells has been a challenge to scientists for a long time. 
The challenge of speci?c targeting of agents is to get an 
adequate amount of the agent or the correct agent to the 
target cells of an organism Without providing too much 
exposure of the rest of the organism. A very desired target 
for delivery of speci?c agents is the immune system. The 
immune system is a complex response system of the body 
that involves many different kinds of cells that have differing 
activities. Activation of one portion of the immune system 
usually causes a variety of responses due to unWanted 
activation of other related portions of the system. Currently, 
there are no satisfactory methods or compositions for pro 
ducing a speci?cally desired response by targeting the 
speci?c components of the immune system. 

[0004] The immune system is a complex interactive sys 
tem of the body that involves a Wide variety of components, 
including cells, and cellular factors, Which interact With 
stimuli from both inside the body and outside the body. 
Aside from its direct action, the immune system’s response 
is also in?uenced by other systems of the body including the 
nervous, respiratory, circulatory, and digestive systems. 

[0005] One of the better-knoWn aspects of the immune 
system is its ability to respond to foreign antigens presented 
by invading organisms, cellular changes Within the body, or 
from vaccination. Some of the ?rst kinds of cells that 
respond to such activation of the immune system are phago 
cytes and natural killer cells. Phagocytes include among 
other cells, monocytes, macrophages, and polymorpho 
nuclear neutrophils. These cells generally bind to the foreign 
antigen, internaliZe it and often times destroy it. They also 
produce soluble molecules that mediate other immune 
responses, such as in?ammatory responses. Natural killer 
cells can recogniZe and destroy certain virally-infected 
embryonic and tumor cells. Other factors of the immune 
response include complement pathWays, Which are capable 
of responding independently to foreign antigens or acting in 
concert With cells or antibodies. 

[0006] One of the aspects of the immune system that is 
important for vaccination is the speci?c response of the 
immune system to a particular pathogen or foreign antigen. 
Part of the response includes the establishment of “memory” 
for that foreign antigen. Upon a secondary exposure, the 
memory function alloWs for a quicker and generally greater 
response to the foreign antigen. Lymphocytes in concert 
With other cells and factors play a major role in both the 
memory function and the response. 
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[0007] Generally, it is thought that the response to antigens 
involves both humoral responses and cellular responses. 
Humoral immune responses are mediated by non-cellular 
factors that are released by cells and Which may or may not 
be found free in the plasma or intracellular ?uids. A major 
component of a humoral response of the immune system is 
mediated by antibodies produced by B lymphocytes. Cell 
mediated immune responses result from the interactions of 
cells, including antigen presenting cells and B lymphocytes 
(B cells) and T lymphocytes (T cells). 
[0008] One of the most Widely employed aspects of the 
immune response capabilities is the production of mono 
clonal antibodies. The advent of monoclonal antibody (Mab) 
technology in the mid 1970s provided a valuable neW 
therapeutic and diagnostic tool. For the ?rst time, research 
ers and clinicians had access to unlimited quantities of 
uniform antibodies capable of binding to a predetermined 
antigenic site and having various immunological effector 
functions. Currently, the techniques for production of mono 
clonal antibodies are Well knoWn in the art. 

[0009] These monoclonal antibodies are thought to hold 
great promise in medicine and diagnostics. Unfortunately, 
the development of therapeutic products based on these 
proteins has been limited because of problems that are 
inherent in monoclonal antibody therapy. For example, most 
monoclonal antibodies are mouse derived and, thus, do not 
?x human complement Well. They also lack other important 
immunoglobulin functional characteristics When used in 
humans. 

[0010] The biggest draWback to the use of monoclonal 
antibodies is the fact that nonhuman monoclonal antibodies 
are immunogenic When injected into a human patient. After 
injection of a foreign antibody, the immune response 
mounted by a patient can be quite strong. The immune 
response causes the quick elimination of the foreign anti 
body, essentially eliminating the antibody’s therapeutic util 
ity after an initial treatment. Unfortunately, once the immune 
system is primed to respond to foreign antibodies, later 
treatments With the same or different nonhuman antibodies 
can be ineffective or even dangerous. 

[0011] Mice can be readily immuniZed With foreign anti 
gens to produce a broad spectrum of high af?nity antibodies. 
HoWever, the introduction of murine antibodies into humans 
results in the production of a human-anti-mouse antibody 
(HAMA) response due to the presentation of a mouse 
antibody in the human body. Use of murine antibodies in a 
patient is generally limited to a term of days or Weeks. 
Longer treatment periods may result in anaphylaxis. More 
over, once HAMA has developed in a patient, it often 
prevents the future use of murine antibodies for diagnostic 
or therapeutic purposes. 

[0012] To overcome the problem of HAMA response, 
researchers have attempted several approaches to modify 
nonhuman antibodies, to make them human-like. These 
approaches include mouse/human chimers, humaniZation, 
and primatiZation. Early Work in making more human-like 
antibodies used combined rabbit and human antibodies. The 
protein subunits of antibodies, rabbit Fab fragments and 
human Fc fragments, Were joined through protein disul?de 
bonds to form neW, arti?cial protein molecules or chimeric 
antibodies. 

[0013] Recombinant molecular biological techniques have 
been used to create chimeric antibodies. Recombinant DNA 
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technology Was used to construct a gene fusion betWeen 
DNA sequences encoding mouse antibody variable light and 
heavy chain domains and human antibody light chain (LC) 
and heavy chain (HC) constant domains to permit expres 
sion of chimeric antibodies. These chimeric antibodies con 
tain a large number of nonhuman amino acid sequences and 
are immunogenic to humans. Patients exposed to these 
chimeric antibodies produce human-anti-chimera antibodies 
(HACA). HACA is directed against the murine V region and 
can also be directed against the novel V-region/C-region 
(constant region) junctions present in recombinant chimeric 
antibodies. 

[0014] To overcome some of the limitations presented by 
the immunogenicity of chimeric antibodies, molecular biol 
ogy techniques are used to created humaniZed or reshaped 
antibodies. The DNA sequences encoding the antigen bind 
ing portions or complementarity determining regions 
(CDRs) of murine monoclonal antibodies are grafted, by 
molecular means, on the DNA sequences encoding the 
frameworks of human antibody heavy and light chains. The 
humaniZed Mabs contain a larger percentage of human 
antibody sequences than do chimeric Mabs. The end prod 
uct, Which comprises approximately 90% human antibody 
and 10% mouse antibody, contains a mouse binding-site on 
a human antibody. It also contains certain amino acid 
substitutions from the mouse Mab into the frameWork of the 
humaniZed Mab in order to retain the correct shape, and 
thus, binding af?nity for the target antigen. 

[0015] In practice, simply substituting murine CDRs for 
human CDRs is not sufficient to generate ef?cacious human 
iZed antibodies retaining the speci?city of the original 
murine antibody. There is an additional requirement for the 
inclusion of a small number of critical murine antibody 
residues in the human variable region. The identity of these 
residues depends upon the structure of both the original 
murine antibody and the acceptor human antibody. It is the 
presence of these murine antibody residues that helps create 
a HACA response in the patient, leading to rapid clearance 
of the monoclonal antibodies and the fear of anaphylaxis. 

[0016] Another technique, called resurfacing technology, 
is used for humaniZing mouse antibodies. Resurfacing 
involves replacing the mouse antibody surface With a human 
antibody surface in a process that is faster and more ef?cient 
than other humaniZation techniques. This technique pro 
vides a method of redesigning murine monoclonal antibod 
ies to resemble human antibodies by humaniZing only those 
amino acids that are accessible at the surface of the V-re 
gions of the recombinant Fv. The resurfacing of murine 
monoclonal antibodies may maintain the avidity of the 
original mouse monoclonal antibody in the reshaped ver 
sion, because the natural frameWork-CDR interactions are 
retained. Again, these antibodies suffer from the problem of 
being antigenic due to their mouse origins. 

[0017] Other technologies use primate, rather than mouse, 
sequences to humaniZe Mabs. The rationale of this 
approach, called primatiZation, is that most of the sequences 
in the primate antibody variable region are indistinguishable 
from human sequences. PrimatiZed anti-CD4 Mabs for the 
treatment of rheumatoid arthritis and severe asthma are 
being developed. HoWever, these Mabs are still foreign 
proteins to the immune system of the patient and evoke an 
immune response. 
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[0018] In an effort to avoid the immune response to 
foreign proteins, a variety of approaches are being devel 
oped to make human Mabs that contain only human anti 
body components. One approach is to isolate a human B cell 
clone that naturally makes antibody to the desired antigen 
and to groW it in a trioma cell culture system. Because 
human antibodies are made only against antigens that are 
foreign to the host, none of the human B cells Will make 
antibodies against human antigens. Therefore, this approach 
is not useful to produce Mabs against antigens that are 
human proteins. 

[0019] TWo other approaches to create human Mabs are 
phage display and use of transgenic mice. Phage display 
technique takes advantage of the ability of humans to make 
antibodies against any possible structure. This technique 
uses the antibody genes from many individual humans to 
create a large library of phage antibodies, each displaying a 
functional antibody variable domain on its surface. From 
this library, individual variable domains are selected for their 
ability to bind to the desired antigen. The Mab is created 
through molecular biology techniques by combining an 
antibody variable domain having the desired binding char 
acteristics and a constant domain that best meets the poten 
tial human therapeutic product. Again, this technique lacks 
antigen speci?city. The phage library cannot contain every 
binding region for any and all desired antigens. It also may 
contain binding regions, Which lack speci?city. Thus, this 
technique may require considerable engineering to increase 
antibody af?nities to useful levels. 

[0020] Transgenic mice are also being used to create 
“human” antibodies. The transgenic mice are created by 
replacing mouse immunoglobulin gene loci With human 
immunoglobulin loci. This approach may provide advan 
tages over phage display technologies because it takes 
advantages of mouse in vivo af?nity maturation machinery. 

[0021] All of the current technologies for producing 
human or human-like Mabs are insuf?cient to provide a 
species-speci?c antibody that is antigen speci?c for a 
described antigen. Chimeric antibodies have the advantages 
of retaining the speci?city of the murine antibody and 
stimulating human Fc dependent complement ?xation and 
cell-mediated cytotoxicity. HoWever, the murine variable 
regions of these chimeric antibodies can still elicit a HAMA 
response, thereby limiting the value of chimeric antibodies 
as diagnostic and therapeutic agents. 

[0022] Vaccines may be directed at any foreign antigen, 
Whether from another organism, a changed cell, or induced 
foreign attributes in a normal “self” cell. The route of 
administration of the foreign antigen can help determine the 
type of immune response generated. For example, delivery 
of antigens to mucosal surfaces, such as oral inoculation 
With live polio virus, stimulates the immune system to 
produce an immune response at the mucosal surface. Injec 
tion of antigen into muscle tissue often promotes the pro 
duction of a long lasting IgG response. 

[0023] Vaccines may be generally divided into tWo types, 
Whole and subunit vaccines. Whole vaccines may be pro 
duced from viruses or microorganisms Which have been 
inactivated or attenuated or have been killed. Live attenuated 
vaccines have the advantage of mimicking the natural infec 
tion enough to trigger an immune response similar to the 
response to the Wild-type organism. Such vaccines generally 
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provide a high level of protection, especially if administered 
by a natural route, and some may only require one dose to 
confer immunity. Another advantage of some attenuated 
vaccines is that they provide person-to-person passage 
among members of the population. These advantages, hoW 
ever, are balanced With several disadvantages. Some attenu 
ated vaccines have a limited shelf-life and cannot Withstand 
storage in tropical environments. There is also a possibility 
that the vaccine Will revert to the virulent Wild-type of the 
organism, causing harmful, even life-threatening, illness. 
The use of attenuated vaccines is contraindicated in immu 
node?cient states, such as AIDS, and in pregnancy. 

[0024] Killed vaccines are safer in that they cannot revert 
to virulence. They are generally more stable during transport 
and storage and are acceptable for use in immunocompro 
mised patients. HoWever, they are less effective than the live 
attenuated vaccines, usually requiring more than one dose. 
Additionally, they do not provide for person-to-person pas 
sage among members of the population. 

[0025] Production of subunit vaccines requires knoWledge 
about the epitopes of the microorganism or cells to Which the 
vaccine should be directed. Other considerations in design 
ing subunit vaccines are the siZe of the subunit and hoW Well 
the subunit represents all of the strains of the microorganism 
or cell. The current focus for development of bacterial 
vaccines has shifted to the generation of subunit vaccines 
because of the problems encountered in producing Whole 
bacterial vaccines and the side effects associated With their 
use. Such vaccines include a typhoid vaccine based upon the 
Vi capsular polysaccharide and the Hib vaccine to Haemo 
philus in?uenZae. 

[0026] Because of the safety concerns associated With the 
use of attenuated vaccines and the loW ef?cacy of killed 
vaccines, there is a need in the art for compositions and 
methods that enhance vaccine efficacy. There is also a need 
in the art for compositions and methods of enhancing the 
immune system, Which stimulate both humoral and cell 
mediated responses. There is a further need in the art for the 
selective adjustment of an immune response and manipu 
lating the various components of the immune system to 
produce a desired response. Additionally, there is a need for 
methods and compositions that can accelerate and expand 
the immune response for a more rapid activation response. 
There is an increased need for the ability to vaccinate 
populations, of both humans and animals, With vaccines that 
provide protection With just one dose. 

[0027] What is needed are compositions and methods to 
target the delivery of speci?c agents to only the target cells. 
Such compositions and methods should be able to deliver 
therapeutic agents to the target cells efficiently. What is also 
needed are compositions and methods that can be used both 
in in vitro and in vivo systems. 

[0028] There is also a general need for compositions of 
monoclonal antibodies and improved methods for producing 
them. There is a particular need for methods for producing 
human antibodies having af?nity for a predetermined anti 
gen. These human immunoglobulins should be easily and 
economically produced in a manner suitable for therapeutic 
and diagnostic formulation. 

SUMMARY OF THE INVENTION 

[0029] The present invention comprises compositions and 
methods for making species-speci?c antigen-speci?c mono 
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clonal antibodies, preferably IgG monoclonal antibodies. 
The present invention further comprises vectors that repli 
cate elements of the immune system, particularly the anti 
gen-presenting cell (APC) element of the immune synapse. 
Apreferred vector optionally comprises binding an antigen 
loaded major histocompatibility (MHC) class II protein, the 
co-stimulatory protein B7, and the structural protein intra 
cellular adhesion protein (I-CAM) onto the surface of col 
loidal metal vectors. Such vectors replicate the 3-D orien 
tation of the APC (FIG. 3) generating a synthetic antigen 
presenting cell (sAPC) capable of activating CD4+ T-cells to 
mature the antibody response of immuniZed B-cells. 

[0030] The present invention further comprises vectors, 
including a synthetic CD4+ T-cell (sTc), and a synthetic 
germinal center (sGC). In one embodiment the synthetic 
CD4+ T-cell is comprised of colloidal metal vectors bound 
With CD40 ligand and cytokines. In another embodiment the 
synthetic germinal center is comprised of colloidal metal 
vectors bound With B Lymphocyte Stimulator; BlyS and 
CD30L/receptor system, that increase the efficiency and 
speci?city of B-cell antibody response to in vitro immuni 
Zation. While not Wishing to be bound to any particular 
theory, in one embodiment the physical juxtaposition of the 
antigen With B-cell groWth factors improves the uptake of 
the human TNF antigen through the surface IgM antigen 
receptor and induces a more robust B-cell response. Having 
these signals juxtaposed on the same B-cell further improves 
the ability to elicit an antigen speci?c B-cell response in 
vitro. 

[0031] The present invention comprises methods of mak 
ing the synthetic immune component elements. Methods are 
taught herein for making vector compositions that mimic the 
functionality of components of the immune system. The 
present invention also comprises methods of treatment of 
immune system-related diseases and pathologies. Methods 
of vaccination are also included in the present invention. 

BRIEF DESCRIPTION OF THE FIGURES 

[0032] FIG. 1 provides a schematic representation of the 
immune synapse. 

[0033] FIG. 2 provides a schematic representation of the 
differentiation of primary antibody response by activated 
CD4+T-cell. 

[0034] FIG. 3A provides a schematic of the colloidal gold 
synthetic antigen-presenting cell. FIG. 3B provides a sche 
matic of the colloidal gold synthetic T-Cell. FIG. 3C pro 
vides a schematic of the colloidal gold synthetic germinal 
center. 

[0035] FIG. 4 provides a schematic representation of the 
inability of a single particle sAPC to form a functional 
immune synapse. 

[0036] FIG. 5 provides a schematic representation of the 
generation of a multiple particle colloidal gold sAPC. 

[0037] FIG. 6 provides a graph depicting the binding 
multiple cytokines to the same particle of colloidal gold. 

[0038] FIG. 7 is a series of photographs of EGF strepta 
vidin gold that Was targeted to macrophages (FIG. 7A), 
dendritic cells (FIG. 7B) and B-Cells (FIG. 7C). 

[0039] FIG. 8 provides a graph of the immunoreactivity of 
cells in response to various stimuli in vitro. 



US 2005/0175583 A1 

[0040] FIG. 9A provides a schematic of the self-assembly 
of colloidal gold particle on the solid support of an EIA 
plate. 1=EIA plate; 2=Murine Mab against human TNF; 
3=human TNF (blue box); 4=32 nm colloidal gold bound 
With streptavidin an TNF; 5=biotinylated BSA; 6=17 nm 
streptavidin colloidal gold; 7=biotinylated human IL-6; 
8=alkaline phosphatase conjugated rabbit anti-human IL-6. 

[0041] FIG. 9B provides a schematic of self-assembly of 
colloidal gold particles bound With either IL-1 or TNF on a 
four-arm PEG-thiol backbone (Sun Bio, Inc.). 

[0042] FIG. 10A provides a graph of the immunoreactiv 
ity signal generated by the particle in FIG. 9A. 

[0043] FIG. 10B provides a graph of the immunoreactiv 
ity signal generated by the particle in FIG. 9B. 

[0044] FIG. 11 provides a schematic representation of the 
colloidal gold/TNF binding apparatus 

[0045] FIG. 12 provides a graph of the effect of ionic 
strength on the stability of the colloidal gold TNF vector 
after lyophiliZation. 

[0046] FIG. 13 provides a schematic representation of a 
model for TNF binding to colloidal gold in loW ionic 
strength solutions. 

[0047] FIG. 14 provides a schematic representation of a 
model for TNF binding to colloidal gold at high ionic 
strength solutions. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0048] The present invention may be understood more 
readily by reference to the folloWing detailed description of 
speci?c embodiments included herein. Although the present 
invention has been described With reference to speci?c 
details of certain embodiments, thereof, it is not intended 
that such details should be regarded as limitations upon the 
scope of the invention. The entire text of the references 
mentioned herein are hereby incorporated in their entireties 
by reference, including U.S. Provisional Application Ser. 
No. 60/526,360. 

[0049] The present invention comprises methods and 
compositions for generating antigen speci?c, species-spe 
ci?c IgG monoclonal antibodies. The present invention 
comprises methods and compositions comprising naturally 
occurring and/or synthetic vectors that replicate the antigen 
presenting cell (APC), T cell and germinal center elements 
of the humoral immune response. 

[0050] The present invention comprises vectors that 
mimic any of the elements or stages of the immune response. 
The immune response is initiated by the recognition of 
foreign antigens by various kinds of cells, principally mac 
rophages or other antigen presenting cells. This leads to 
activation of lymphocytes, in particular, the lymphocytes 
that speci?cally recogniZe that particular foreign antigen and 
results in the development of the immune response, and 
possibly, elimination of the foreign antigen. Overlaying the 
immune response directed at elimination of the foreign 
antigen are complex interactions that lead to helper func 
tions, stimulator functions, suppresser functions and other 
responses. The poWer of the immune system’s responses 
must be carefully controlled at multiple sites for stimulation 
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and suppression or the response Will either not occur, over 
respond, or not cease after elimination. 

[0051] The recognition phase of response to foreign anti 
gens consists of the binding of foreign antigens to speci?c 
receptors on immune cells. These receptors generally exist 
prior to antigen exposure. Recognition can also include 
interaction With the antigen by macrophage-like cells or by 
recognition by factors Within serum or bodily ?uids. 

[0052] In the activation phase, lymphocytes undergo at 
least tWo major changes. They proliferate, leading to expan 
sion of the clones of antigen-speci?c lymphocytes and 
ampli?cation of the response, and the progeny of antigen 
stimulated lymphocytes differentiate either into effector cells 
or into memory cells that survive, ready to respond to 
re-exposure to the antigen. There are numerous ampli?ca 
tion mechanisms that enhance this response. 

[0053] In the effector phase, activated lymphocytes per 
form the functions that may lead to elimination of the 
antigen or establishment of the vaccine response. Such 
functions include cellular responses, such as regulatory, 
helper, stimulator, suppressor or memory functions. Many 
effector functions require the combined participation of cells 
and cellular factors. For instance, antibodies bind to foreign 
antigens and enhance their phagocytosis by blood neutro 
phils and mononuclear phagocytes. Complement pathWays 
are activated and may participate in the lysis and phagocy 
tosis of microbes in addition to triggering other body 
responses, such as fever. 

[0054] In the immune response to antigens, immune cells 
interact With each other by direct cell-to-cell contact or 
indirect cell-to-cell (factor mediated) communication. For 
example, interactions betWeen T cells, macrophages, den 
dritic cells, and B cells are necessary for an effective 
immune response. Antigen-presenting cells (APC) activate 
B and T cells by presenting them B and T cells With 
processed antigens and other activation signals. Activated T 
cells help control immune responses and participate in the 
removal of foreign organisms. Helper T cells cause cells to 
become better effector cells, such as helping cytotoxic T cell 
precursors to develop into killer cells, helping B cells make 
antibodies, and helping increase functions of other cells like 
macrophages. Activated B cells divide and produce antigen 
speci?c antibodies and memory B cells. The cells involved 
in the immune response also secrete cellular factors or 
cytokines, Which enhance the functions of phagocytes, 
stimulate in?ammatory responses and affect a variety of 
cells. 

[0055] The reactions of these cells also involve feedback 
loops. Macrophages and other mononuclear phagocytes, or 
APCs, actively phagocytose antigens for presentation to B 
and T cells and such activity can be enhanced by lympho 
cytic cellular factors. Macrophages also produce cytokines 
that, among other activities, stimulate T cell proliferation 
and differentiation, recruit other in?ammatory cells, espe 
cially neutrophils, and are responsible for many of the 
systemic effects of in?ammation, such as fever. One such 
cytokine, called interleukin-12, is especially important for 
the development of cell-mediated immunity. 

[0056] Dendritic cells are also APCs, Which initiate an 
immune response. There are a number of different types of 
dendritic cells, including lymphoid dendritic cells and 
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Langerhans cells of the skin. They can be found throughout 
the body and particularly in the spleen, lymph nodes, tonsils, 
Peyer’s patches, and thymus. They are irregularly shaped 
cells, Which continuously extend and contract dendritic 
(tree-like) processes. One of their roles in the immune 
system is to induce and regulate B and T cell activation and 
differentiation. They are potent accessory cells for the devel 
opment of cytotoxic T cells, antibody formation by B cells, 
and some polyclonal responses like oxidative mitogenesis. 
They also stimulate T cells to release the cytokine interleu 
kin-2. 

[0057] An important arm of vaccination is the response to 
antigens that is provided by B lymphocytes or B cells. B 
cells represent about 5 to 15% of the circulating lympho 
cytes. B cells produce immunoglobulins, IgG, IgM, IgA, 
IgD, and IgE, Which may be released into body ?uids, 
secreted With attached proteins or be inserted into the 
surface membrane of the B cell. Such immobiliZed immu 
noglobulins act as speci?c antigen receptors. In responding 
to antigen, these immunoglobulin receptors are crosslinked 
at a speci?c site on the B cell. This process, Which is knoWn 
as capping, is folloWed by internaliZation and degradation of 
the immunoglobulin. In APCs, Which may include B cells, 
antigen fragments are combined With the MHC and ulti 
mately expressed on the surface of the APC. 

[0058] The B plasma cells produce and secrete antibody 
molecules that can bind foreign proteins, polysaccharides, 
lipids, or other chemicals in extracellular or cell-associated 
forms. The antibodies produced by a single plasma cell are 
speci?c for one antigen. The secreted antibodies bind the 
antigen and trigger the mechanisms that facilitate their 
destruction. 

[0059] In 1975, Kohler and Milstein (Kohler, G., and 
Milstein, C., Nature (London). 1975. volume 256: pp-495) 
described a method for fusing antibody-producing B cells 
isolated from the spleens of immuniZed mice With aggres 
sively proliferating mouse myeloma cells. This resultant 
hybrid cell, a hybridoma, possesses the characteristics of 
both parental cells. It produces and secretes large amounts of 
antibody during its continued groWth and proliferation. 
Through a series of systematic cellular dilutions, genetically 
singular hybridoma cells can be isolated that produce an 
antibody of singular speci?city, a monoclonal antibody 
(Mab). 
[0060] The most common procedures require that the 
production of monoclonal antibodies start With the immu 
niZation of an animal. Antigen, draining into a local lymph 
node or spleen, activates naive B-cells to produce IgM 
antibodies. These activated B cells are then presented With 
antigen-activated CD4+ T cells to induce class sWitching. 
Class sWitching is characteriZed by a change in the produc 
tion of antibody type from IgMs to IgGs (Kuby, J ., Immu 
nology Third Edition 1997. eds Allen D., pp-205-213). 
Antibody secreting B cell lymphocytes are isolated from the 
lymph node or spleen of the immuniZed animal, and are 
fused With species-speci?c myeloma cells. The fused cells 
are then alloWed to groW to produce antigen speci?c IgG 
antibodies. During the screening process, positive fusion 
clones are selected for their therapeutic potential. 

[0061] Mice can be readily immuniZed With foreign anti 
gens to produce a broad spectrum of high af?nity antibodies. 
HoWever, the introduction of murine antibodies into humans 
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results in the production of a human-anti-mouse antibody 
(HAMA) response due to the presentation of a foreign 
protein in the body. Use of murine antibodies in a patient is 
generally limited to a term of days or Weeks. Moreover, once 
HAMA has developed in a patient, it often prevents the 
future use of murine antibodies for other diagnostic or 
therapeutic purposes. 

[0062] The early success of this technology in animals 
prompted scientists in the 1980’s to extend this concept and 
attempt to produce human monoclonal antibodies. HoWever, 
extrapolation from animal to human Was fraught With dif 
?culties. The ?rst hurdle Was the lack of antigen speci?c B 
cells. Standard monoclonal antibody procedure requires that 
these cells be harvested from an animal that had been 
immuniZed, a method not generally applicable to humans. 
This problem is further compounded by the fact that there 
is no ready source of activated B cells, (ii) the paucity of 
immune competent B cells present in peripheral blood, and 
(iii) the inability to obtain either lymph nodes or spleens 
from human subjects. These factors prompted the develop 
ment of a variety in vitro strategies to produce human 
monoclonal antibodies. Although initial results shoWed great 
promise, the inability to completely reconstruct the sequence 
of events of the in vivo antibody response ultimately caused 
the technology to fail and this technical approach has been 
essentially abandoned. 

[0063] The ?rst barrier to in vitro antibody production is 
the relatively loW conversion rate of naive human B cell 
lymphocytes to activated B cells. In the past resolving this 
challenge proved dif?cult even When recall antigens, such as 
Tetanus toxin (Butler et. al., J. Immuol. 1983. volume 130: 
pp-165), Were used to induce a primary antibody response 
from human peripheral blood B cell lymphocytes. The 
present invention comprises methods for making vectors 
that activate pathWays that lead to antibody generation. The 
present invention also comprises compositions of naturally 
occurring or synthetic vectors. Such vectors comprise col 
loidal gold platforms With multiple B cell ligands associated. 

[0064] Numerous examples of cross-linking of receptor/ 
ligand pairs to potentiate biologic responses have been 
described (Carroll, K., Prosser, E., and Kennedy, R. Hybri 
doma 1991. 10: 229-239). The present invention comprises 
vectors of colloidal metal that increase the ef?ciency and 
speci?city of B cell antibody response to in vitro immuni 
Zation. Though not Wishing to be bound by any particular 
theory, it is believed that the physical juxtaposition of the 
antigen With B cell groWth factors improves the uptake of 
the antigen through the surface IgM antigen receptor and 
induces a more robust B cell response. There is also 
improved antigen processing and presentation. Having these 
signals juxtaposed on the same B cell improves the ability to 
elicit an antigen speci?c B cell response in vitro. 

[0065] In one embodiment, the component-speci?c immu 
nostimulating molecule and/or MHC protein and/or the 
antigen may be bound directly to the colloidal metal plat 
form or may be bound to the colloidal metal platform 
through members of a binding group. Such binding groups 
may comprise free sulfhydryl or pyridyl groups present on, 
or synthetically added to the immune component. A pre 
ferred embodiment of the present invention comprises a 
colloidal metal as a platform that is capable of binding a 
member of a binding group to Which a component-speci?c 




























