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Introduction

The use of therapeutic monoclonal antibodies (mAbs) represents 
a second wave of ground-breaking innovations in the biotechnol-
ogy industry that followed the success of recombinant proteins.1 
After Kohler and Milstein developed a procedure for producing 
mAbs in 1975, scientists recognized that the agents could poten-
tially be powerful tools for the treatment of many diseases.2 In 
1986, the first mAb, OKT3 (Muromonab-CD3), was approved 
for human use.3 With more than 20 mAbs now in clinical use, 
mAbs have clearly come of age as therapeutics, generating an 
estimated $27 billion dollars globally in 2007 and continuing to 
grow annually.4,5

The first therapeutic antibodies were produced in immunized 
mice; however, when administered to humans, these foreign mol-
ecules were recognized and eliminated by the human immune 
system, sometimes with allergic responses ranging from a mild 
rash to renal failure.2 To circumvent this problem, research-
ers began engineering modified mouse antibodies to reduce  
immunogenicity. One approach resulted in the creation of 
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chimeric antibodies in which murine variable domains respon-
sible for the binding activity were fused to the human constant 
domains.6 These chimeric molecules are approximately 70% 
human and possess a human Fc sequence, which reduces the 
chances of immunogenicity, but does not eliminate it all together. 
As techniques to engineer antibodies progressed, it became pos-
sible to decrease the murine portion of the mAb even further by 
replacing the mouse hypervariable loops with those of human 
sequence using an approach called complementarity-determining 
region (CDR) grafting.7 The resulting “humanized” antibodies 
contain 85–90% human sequences, but the process of human-
izing is more technically demanding than the mouse-human 
fusions used to generate chimeric antibodies.2 Furthermore, 
humanizing an antibody can result in a loss of activity,  
i.e., production of an antibody without any function. Most of the 
approved therapeutic mAbs on the market today are either chi-
meric or humanized and stimulate the human immune system to 
produce anti-drug antibodies (ADA).8,9

Therapeutic antibodies have also been successfully devel-
oped using display technologies in which human antibodies or 
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bacterial or yeast expressed Fv. The size and diversity of the 
library allows for the production of antibodies to potentially any 
and all antigens, including those that would otherwise be dif-
ficult or impossible to make in a transgenic mouse. To date, this 
novel technology is the only method that starts with naïve human 
B cells and produces full-length antibody libraries in an in vitro 
system. This brief report outlines our progress in the discovery of 
therapeutic mAbs and methods used in the production of these 
human antibodies derived from human naïve B cells.

Results

Enrichment of human B cells from tonsil tissue. Searching 
for antibodies in an ex vivo system requires high numbers of 
B cells to maximize the inclusion of as many VDJ/VJ recom-
binants as possible, making human tonsils an ideal source of 
human B cells. Excised human tonsils from consenting patients 
were pressed through a sieve to obtain a single cell suspension. 
This suspension was then centrifuged over a Ficoll-Hypaque 
gradient to isolate mononuclear cells, yielding approximately 
143 million mono-nuclear cells per gram of tonsil (Table 1). 
In comparison, peripheral blood typically yields less than two 
million mononuclear cells per milliliter (data not shown). 
The tonsil mononuclear cells were analyzed via flow cytom-
etry and 60% were CD45+/CD19+/CD20+ B cells (Fig. 1A). 
Human B cells were enriched from the mononuclear cells 
using negative magnetic selection, in which all non-B cells 
are removed, leaving the B cells untouched. Before and after 
magnetic separation, hemacytometer counts were compared 
and around 50% of the total mononuclear cells were enriched 
as B cells (Table 1). When these enriched cells were analyzed 
by flow cytometry, they were found to be over 90% pure 
CD45+/CD19+/CD20+ B cells (Fig. 1D), consistent with the 
expected results from the manufacturer. The enriched cells 
were further analyzed to determine B-cell phenotype; over 
90% of the enriched B cells were of the naïve B-cell phenotype,  
IgD+/IgM+ (Fig. 1E). Very few of the cells were positive for only 
IgM (Fig. 1B and E) or only IgG (Fig. 1C and F), which are 
indicative of memory B cells. Overall, human tonsils proved to 
be a readily available and robust source of naïve B cells.

Transformation of human B cells. The number of cells used 
to generate B-cell-derived antibodies limits the size and diver-
sity of a B-cell library. Since primary B cells will not propagate 
readily ex vivo, transformation is necessary to maintain the 
cells in culture for longer periods of time; therefore, the num-
ber of cells that are transformed limits the size and diversity of a 
B-cell library. Prior to the method described in this brief report, 
transformation with supernatant from B95-8 cells, which con-
tains high titers of Epstein-Barr virus (EBV), typically yields 
transformation efficiency of less than 10%.16-18 Using the novel  

antibody fragments are displayed on the surface of a simple organ-
isms, such as phage, bacteria or yeast. These in vitro technologies, 
which we refer to as first generation technologies, have advanced 
the field of therapeutic antibody discovery, but they also have 
disadvantages. The largest of the phage display libraries com-
prises approximately 10 billion human antibodies, the sequences 
of which are derived from analysis of naturally occurring human 
gene sequences.10,11 Utilizing phage expression allows for many 
antibody variations to be screened at once and those that bind 
are identified and isolated with relative ease. The disadvantage 
of the phage display system is that the library does not consist 
of full-length antibodies; the sequences, are based on human 
sequences as opposed to being actual human sequences and the 
proteins are expressed by bacteria (prokaryotic organism) rather 
than human cells. Displaying antibodies or antibody fragments 
on a eukaryote such as yeast allows for some post-translational 
modifications to the antibodies that do not occur in prokaryotes; 
however, the modifications may differ from human.12 Phage and 
yeast display technologies have proved successful for identifying 
antibodies generated from human genes, but, due to differences 
in the expression and post-translational modification machinery 
in the bacterial and yeast cells, they may not be optimal.

Another common method of producing first generation thera-
peutic human antibodies utilizes transgenic animals that pro-
duce antibodies from human genes. When challenged with an 
antigen, these animals produce human antibodies, thus circum-
venting the laborious humanization steps.13 Six antibodies from 
transgenic animal platforms have been approved by the US Food 
and Drug Administration (FDA) and 32 more are in clinical  
trials.14 This technology, however, is limited to the production of 
antibodies that the immune system of the mouse will recognize.

Human antibodies can also be produced from B cells isolated 
from humans; however, this method involves screening large 
numbers of candidates to identify individuals with circulating 
antibodies to an antigen, which can be logistically daunting.15 
As with transgenic animal models, target antigens are limited to 
what the human immune system will recognize.

A novel platform technology described here leverages the 
advantages of many of the first generation platforms and elimi-
nates the disadvantages. The technology produces human IgG 
antibody libraries potentially comprising the entire human rep-
ertoire. Unlike the antibodies produced in phage or yeast, the 
antibodies produced from the Immunologix platform begin with 
naïve B cells isolated from human tonsil tissue. The antibodies 
are produced by human cells from human genes and are, there-
fore, 100% human antibodies. While the transgenic animal 
platforms are limited to a repertoire that arises in the animal, 
the Immunologix platform differentiates B cells ex vivo, thereby 
generating repertoire diversity potentially on par with phage or 
yeast display, but utilizing full-length human IgG rather than 

Table 1. Cellular yields from tonsil tissue

Mean 95% CI

Mononuclear cell yield (cells/gram tonsil) n = 28 1.43E + 08 1.08E + 08 - 1.78E + 08

Total B-cell yield (% mononuclear cells) n = 19 46.40% 37.23% - 55.57%
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human antigen (Fig. 3). Cloning of the reactive cells from these 
wells by limiting dilution produced a monoclonal culture of  
human B cells secreting human IgG from which recombinant 
antibodies can be made. Since the antibodies are human and pro-
duced by human cells, it is anticipated any ADA response will be 
minimal or even eliminated.9,22

Discussion

The FDA approved the first therapeutic antibody in 1986; since 
then, the production and uses of antibody therapeutics have dra-
matically changed. The emergence and evolution of antibody 
platforms designed to produce mouse chimeric, humanized and 
finally human antibodies was a result of the early recognition 
of the potential of monoclonal antibodies as targeted therapeu-
tics. Over the next 25 years, numerous platform technologies 
intended to produce human antibodies have been developed. 
The most common classes of antibody platforms include phage 
display, transgenic animals and in vitro genetically modified 
cells. Muromonab-CD3 (OKT3) was an IgG2a murine antibody 
produced with hybridoma technology.3 OKT3 is produced in 

patent-pending process of concentrating the B95-8 supernatant 
to 10x via ultrafiltration19 and introducing the supernatant to the 
B cells via centrifugation (“spinfection”),20 transformation effi-
ciency of up to 86% was achieved (Table 2). Following trans-
formation, B cells were suspended in DF media to induce class 
switching and somatic mutation ex vivo, and were distributed 
into 96-well plates at 105 cells per well. After 21 days, IgG secre-
tion was analyzed via ELISpot and 14.6% of the B cells were 
secreting IgG, compared to low or undetectable levels for freshly 
isolated mononuclear cells or B cells (Fig. 2A). Additionally, 
all human IgG isotypes were found in the library supernatants  
(Fig. 2B) in expected proportions with IgG

1
 being the most 

abundant and IgG
4
 the least.21 Combining high-efficiency trans-

formation and ex vivo differentiation increased the potential 
diversity of the human B-cell libraries by including more cells in 
each donor library and inducing class-switch recombination and 
somatic mutation, respectively.

Detecting cells secreting IgG reactive with desired antigen. 
After at least 12 days in culture in Immunologix DF media, 
the supernatants from the transformed B cells were screened 
via ELISA to detect IgG binding to the antigen of choice.  
In order to determine the utility of the created human anti-
body libraries, three human antigens (a peptide of ~15 amino 
acids, a peptide of ~40 amino acids and an approximately  
40 kDa protein) were each screened against supernatant from at 
least four B-cell libraries; 48 total 96-well plates were screened 
for each antigen. Regardless of the antigen (small peptide, 
medium peptide or large protein), supernatant from approxi-
mately 1% of the wells contained human IgG that bound the 

Figure 1. Enrichment of naïve B cells from human tonsil tissue. Mononuclear cells (MC) prepared from a Ficoll-Hypaque gradient were enriched for  
B cells using negative magnetic separation. Samples of the mononuclear cells (A–C) and the enriched B-cells (D–F) were phenotyped by gating for 
CD45 positive cells and staining for CD19 and CD20 (A and D) and also by staining for surface IgD, IgM and/or IgG expression (B, C, E and F). Results 
from a representative sample are shown.

Table 2. B-cell transformation efficiency using spinfection with 10x 
concentrated EBV supernatant

Mean S.D. S.E.M 95% C.I.

n = 12 66.67% 30.77% 8.88% 47.11% - 86.22%

S.D., standard deviation; S.E.M, standard error of the mean;  
C.I., confidence interval
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syncytial virus, which ultimately resulted in the marketed prod-
ucts alemtuzumab (Campath®) and palivizumab (Synagis®) 
respectively.27,28 In the case of alemtuzumab, the anti-CDw52 
Campath-1 antibody was grafted onto a human IgG1 and 
reshaped for serotherapy in human by including the six hyper-
variable regions from the heavy- and light-chain variable 
domains of a rat antibody. This change led to an increase in cell-
mediated lysis of human lymphocytes and allowed Campath to 
be indicated as a single agent for the treatment of B-cell chronic 
lymphocytic leukemia.29

Figure 2. (A) Representative EliSpots displaying IgG secretion.  
(i) Freshly isolated naïve B cells from human tonsil [mean = 0.33 cells 
(0.0% positive)]. (ii) Total mononuclear cell population [mean = 17 cells 
(0.23% positive)]. (iii) B-cell population after undergoing Immunologix 
platform technology [mean = 438 cells (14.6% positive)]. All samples 
plated at 3 x 103 cells/well and done in triplicates. (B) Profile of IgG 
subclasses expressed by B-cell libraries. Duplicate experiment with two 
libraries.

Figure 3. Primary screening of human B-cell supernatants. After at least 
12 days, supernatant from each well of the 96-well plates containing 
transformed human B cells was added to microtiter plates on which 
antigen was immobilized and captured human IgG detected using an 
HRP conjugated anti-IgG-Fc antibody. The data from the wells were 
sorted in descending order and expressed as a line graph. Supernatants 
from at least four B-cell libraries (48 plates total) are represented for 
each antigen. The inset indicates the percentage of supernatants that 
returned an optical density (OD) of greater than 1.0.

a mouse and causes varying levels of immunogenicity, so it is 
hypothesized that this adverse effect is due to the human immune 
system recognizing the murine antibody as foreign.23,24

Because of the immunogenicity associated with murine anti-
bodies, the chimeric antibody was designed by removing the Fc 
region of the mouse antibody and replacing it with one from a 
human.25 The first antibodies were approximately 66% human 
and 34% mouse,26 and five (abciximab, rituximab, basiliximab, 
infliximab, cetuximab) of the currently FDA-approved mAbs are 
of this design. Grafting the CDRs of xenogenic antibodies onto 
human framework and constant regions to produce humanized 
antibodies may decrease the immunogenicity;24 however, CDR 
grafting may also result in the loss of some of the advantageous 
antibody-antigen binding properties.24

In an attempt to alleviate this issue, two major approaches 
have been used to yield effective CDR-grafted antibodies. The 
first involves database selection of human V regions with the 
greatest homology to a murine V region. Computer model-
ing greatly assists in the selection of the structurally important 
regions required to produce an antibody with the highest bind-
ing affinity and the lowest amount of immunogenicity. A second 
method involves grafting murine CDRs onto a human V region. 
If this method results in an antibody with reduced or no bind-
ing affinity, attempts can be made to produce new constructs to 
minimize the loss of affinity.24

Two examples of the successful use of this CDR approach 
include the humanization of rat anti-CDw52 CAMPATH-1 
mAb and a murine mAb targeting the human respiratory 
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was removed, washed three times in DPBS and resuspended for 
B-cell enrichment.

B-cell enrichment. CD19+ cells were isolated using the 
StemSep B Cell Negative Isolation System according to the 
manufacturer’s instructions (StemCell Technologies, Vancouver, 
BC Canada).32 Briefly, mononuclear cells were resuspended at 
5 x 10e7 cells/ml in DPBS containing 2% fetal bovine serum. 
EasySep Human B Cell Enrichment Cocktail and EasySep D 
Magnetic Particles were added to the cells and placed into the 
Big Easy Magnet (StemCell Technologies). Enriched cells were 
counted by trypan blue exclusion to calculate the yield.

B-cell immortalization. Using a process exclusively licensed 
from the Foundation for Research Development in Charleston, SC  
and patented by Immunologix,31 purified and enriched B cells 
were resuspended at 1 x 10e7 cell/ml in Complete Medium 
(RPMI-1640, 10% Heat-Inactivated FBS, L-Glutamine, 
Penicillin/Streptomycin). Supernatant from B95-8 cells was con-
centrated by ultra-filtration using Centricon-Plus 70 100 kDa 
filter units (Millipore) to one-tenth the original volume (10x). 
Equal amounts (1:1) of cells and 10x ultra-filtration concentra-
tion of EBV supernatant were added to one well of a six-well plate 
and spun at 900 g for 1 h at room temperature. Infected cells 
were resuspended to a concentration of 5 x 10e5 cells/ml in dif-
ferentiation (DF) Media [Complete Media and Human BAFF 
(Peprotech)], Human CD40L, anti-Human IgM Fc

5 μ
F(ab’)2 

fragment and other proprietary items and seeded into 96-well 
plates at 200 μl per well.31 Cells were incubated at 37°C with 
5% CO

2
, feeding as necessary and replacing media every seven 

days. After 21 days in DF Media, cells were cultured in Complete 
Media.

Antibodies. Antibodies used in the flow cytometry include 
Anti-Human CD19 Alexa Fluor 488 (eBioscience), Anti-
Human CD20 APC (eBioscience), Anti-Human CD45 PE-Cy7 
(eBioscience), Anti-Human IgM APC (BD Pharmingen), Anti-
Human IgD APC (BD Pharmingen) and Anti-Human IgG 
FITC (BD Pharmingen). The secondary antibody used in the 
ELISA assays was Goat Anti-Human IgG (γ chain specific) 
(SouthernBiotech).

Flow cytometry. All flow cytometry methods were performed 
using standard techniques.33 Briefly, cells were counted and resus-
pended at 2 x 10e7 cell/ml in flow buffer (1% FCS, 2 mM EDTA, 
DPBS) and 100 ul aliquots were taken per sample. Samples were 
washed three times by centrifugation at 1,500 rpm for 5 min in  
1 ml flow buffer at 4°C, antibodies were then added to each sam-
ple and incubated on ice for 30 min. After incubation, samples 
were again washed three times in flow buffer and resuspended 
in 200 ml of 4% paraformaldehyde for 30 min on ice. Samples 
were finally washed two times in 1 ml PBS, resuspended in  
200 ul PBS and stored at 4°C until read. Samples were read on 
a BD FACSCaliburTM (BD Biosystems, Rockville, MD) at wave-
lengths specific to each labeled antibody and analyzed using 
FlowJo, Flow Cytometry Analysis Software (Ashland, OR).

ELISpot. The ELISpot IgG assay was performed accord-
ing to manufacturer’s instructions (Mabtech, Inc., Mariemont, 
OH). Briefly, capture antibody was immobilized and 3.0 x 10e3 
naïve B cells/well, Tonsil mononuclear cells or day 21 B cells 

The increase in efficacy achieved by increasing the amount 
of human sequence highlights the importance of native immu-
noglobin structure and reveals an unmet need for an efficient 
method to develop human antibody therapeutics. The novel 
platform technology described here produces human mAbs 
(IgG) against nearly any target. Previously, the only method that 
would produce 100% human antibodies involved selection of  
B cells from the blood of patients who had been exposed to the 
antigen, e.g., a viral antigen like influenza.30 While this screen-
ing method yields human antibodies, the time and expense of 
screening potentially thousands of blood samples can become 
impractical. In addition, searching human blood for a previously 
produced antibody may yield results for antigens that have been 
identified by the human immune system, but not for antigens 
that have eluded the body’s defenses. Therefore, a technology 
that produces a diverse, screenable library of human antibodies 
appears to be well suited for producing therapeutics.

Platforms utilizing phage or yeast display of antibodies or 
antibody fragments enable screening against a large library, yet 
the antibody proteins are not expressed by mammalian cells 
and may differ in folding or post-translational modifications. 
Conversely, recombinant animal models are capable of producing 
full-length human IgG from mammalian cells, but the library is 
limited to antigens that elicit an immune response by the mouse. 
The Immunologix platform combines the best characteristics of 
each technology. By enriching naïve B cells from a robust source 
and transforming at high efficiency, large and diverse libraries of 
human antibody variable regions are created. Stimulating differ-
entiation ex vivo further increases the potential diversity, which 
ongoing research is more precisely measuring. For example, an 
antibody reactive with Ricin B chain was also previously iso-
lated,31 indicating that the process elicits antibodies against anti-
gens to which the subjects were not previously exposed. Since the 
antibodies generated are full-length human IgG expressed from 
human cells, the native conformation is retained. With this novel 
technology, human antibodies can be generated against virtually 
any antigen, making advances in antibody therapeutics attainable.

Materials and Methods

Tonsil sample collection. All samples were collected at Charleston 
Ear, Nose and Throat using an Institutional Review Board 
(IRB)-approved protocol and patient consent form. Tonsils were 
removed by a surgeon and aseptically transferred in a sterile con-
tainer. Cold storage solution (RPMI-1640, HyClone; antibiotic/
Antimycotic Solution 100x, HyClone) was added to the specimen 
to cover the tonsil during transport to the lab for processing.

Mononuclear cell isolation. Tonsil tissue was cut into pieces 
using dissecting scissors and ground through an autoclaved 
Cellector® (Bellco, Vineland, NJ) 100 uM mesh screen with the 
sterile end of a 10 cc syringe. Cell suspension was put in 50 ml  
RPMI-1640, split into 25 ml aliquots and layered over 13 ml 
of Ficoll-Paque PLUS (GE Healthcare) for a final volume of  
50 ml. Tubes were centrifuged (Sorvall) at 1,500 rpm for  
25 min at room temperature with break and acceleration set at 
setting 6. Following centrifugation, the mononuclear cell layer 
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room temperature for 1 h. Following the blocking, the buffer 
was removed and 100 μl/well supernatants from an antibody 
library (produced using the Immunologix method above) was 
added and incubated at room temperature for 1 h. After rinsing 
three times with PBST, Goat Anti-Human IgG with horseradish 
peroxidase (HRP) was added and incubated for 1 h in the dark. 
SureBlue HRP Substrate (KPL, Inc.) was added to each well and 
incubated for 15 min at room temperature in the dark. Color 
development was stopped with 100 μl 1 N HCl and optical den-
sity (OD) was read at 450 nm in an Epoch plate reader (BioTek).
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were added in triplicates overnight. After washing, biotinylated 
detection antibody was added, followed by Avidin-HRP and 
AEC substrate. Plates were read on an AID EliSpot Reader (AID 
Diagnostika, Germany).

Isotype ELISA. Human IgG isotype was determined by sand-
wich ELISA according to manufacturer’s instructions (Invitrogen 
Corp., Camarillo, CA). Briefly, B-cell supernatant was mixed 
with subclass specific capture antibody and added to pre-coated 
capture strips. Human IgG was detected using a peroxidase con-
jugated antibody and TMB substrate. Concentrations were cal-
culated using a standard curve generated with a standard serum 
sample of known isotype concentrations.

Indirect ELISA. An Indirect Enzyme Linked Immunosorbent 
Assay (ELISA) was used to detect the positive clones to each 
target using standard techniques.34 Briefly, 96-well microtiter 
plates (Corning) were coated with 100 μl of antigen in 0.05 M  
bicarbonate buffer (pH 9.6) and incubated overnight at 4°C. 
Plates were washed five times in PBS-T and blocked in (0.1%) 
non-fat milk blocking buffer from concentrate (KPL, Inc.) at 
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