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ABSTRACT

Interleukin-12 is a cytokine that plays an important role is the regulation of the
cell mediated immune responses. It is produced by macrophages and antigen
presenting cells and causes the proliferation of natural killer cells and
enhances their lytic ability. In order to further understand the effect of IL-12 on
NK cells, a monoclonal antibody ( a homogenous preparation of antibody
molecules all exhibiting the same antigenic specificity) could be used to
remove IL-12 activity. To prepare a monoclonal antibody against IL-12, a
mouse was injected with interleukin-12 antigen. An enzyme-linked
immunosorbant assay was used to measure antibody production. A
hybridoma cell line was produced by the fusion of splenic B cells (antibody-
producing cells) and P3X murine myeloma (cancer) cells. Fourteen viable
hybridoma cultures E, F, G, H, |, J, K, L, M, N, O, P, Q, R were the result of this
fusion. After confirming that all fourteen cultures were secreting antibodies
against interleukin-12, one culture (G) was selected and subcloned to create
the monoclonal antibodies H3, H4, HY, G6, G7, F7, F8, E9, D9. Subcloning
involved isolation of a cell that would continuously divide to create a clone of
genetically identical cells. Further confirmation of continual antibody secretion
was done followed by a second subcloning of F8 and D9. The project was
ended when the second subclone of F8 and D9 no longer secreted antibodies
against interleukin-12. The remainder of the project will include a repeat
cloning of the hybridomas producing monoclonal antibodies to obtain a twice
cloned monoclonal antibody against interleukin-12. Further work will be
needed to determine the isotype and specificity of the monoclonal antibodies

produced as part of this study.
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INTRODUCTION

The immune system is the adaptive defense system that has evolved
in vertebrates to recognize and protect them from invading pathogens.
Immunity is the state of protection from infectious disease, and it has
both nonspecific and specific components. Innate nonspecific immunity
involves basic defenses such as anatomic and physiologic barriers,
white blood cell phagocytosis, and inflammation. Phagocytosis involves
the ingestion of extracellular macromolecules and delivery to
lysosomes. The degradative enzymes within the lysosomes digest the
macromolecules to small breakdown products that can be eliminated
from the cell. The inflammatory response is a localized response to
tissue damage caused by a wound or by invasion of a pathogenic
microorganism. It is characterized by vasodilation, increased capillary
permeability, and influx of phagocytic cells.

Acquired specific immunity includes specific recognition and selective
elimination of foreign microorganisms and molecules. The specificity of
the immune system allows discrimination of subtle differences among
antigens. The immune system can generate tremendous diversity in its
recognition of molecules, allowing it to specifically recognize a vast
number of uniquely different structures on foreign antigens. Memory is a
heightened state of immune reactivity to an antigen that has previously
been encountered. This confers life long immunity to many infectious
agents. The immune system is capable of distinguishing self from
nonself. This is essential for responding only to nonself antigens,

because inappropriate responses to self antigens may result in



autoimmune disease. Specificity, diversity, memory, and self/nonself
recognition are all critical aspects of the acquired immune system.

One branch of acquired immunity is known as the humoral immune
response. The fundamental cell of the humoral branch is the B
lymphocyte. B cells mature in the bone marrow and have antibody
molecules bound to their membrane. When a naive B cell encounters
antigen for the first time, it divides rapidly into memory B cells and
plasma cells. Memory B cells continue to express particular membrane-
bound antibody, and they mediate a faster and greater secondary
response. Plasma cells are effector cells that secrete antibodies that
recognize an epitope on the antigen and facilitate clearance of that
antigen.

T lymphocytes comprise the cell-mediated branch of acquired
immunity. They arise from hematopoietic stem cells in the bone
marrow, and they migrate to the thymus gland to mature. The antigen-
binding receptor of T lymphocytes is known as the T-cell receptor. T-cell
receptors can only recognize antigen in association with major
histocompatibility complex (MHC) molecules. These molecules are
required for antigen presentation to T cells and for rapid graft rejection.
After a naive T cell has encountered antigen associated with an MHC
molecule, it differentiates into memory T cells, T helper cells, and T
cytotoxic cells. Memory T cells mediate a faster and greater secondary
response. T helper cells express CD4+ glycoproteins on their
membranes and respond to recognition of antigen-MHC complexes by
secreting cytokines. Cytokines are low-molecular weight proteins that
regulate the intensity and duration of the immune response. This is

facilitated by exerting a variety of effects on T cytotoxic cells, natural killer



cells, and other immune cells. T cytotoxic cells express CD8+
glycoprotein on the cell membrane and respond to recognition of
antigen-MHC complexes by differentiating into cytotoxic T lymphocytes.
These are effector cells that exhibit cytotoxic activity and eliminate virus-
infected cells, tumor cells, and cells of a foreign tissue graft.

Another lymphocyte of particular interest to this research project is the
natural killer (NK) cell. It is a large granular lymphocyte that has cytotoxic
ability, but does not express antigen-binding receptors nor does it
require MHC. NK cells exhibit nonspecific cytotoxicity against tumors
and virus-infected cells in a manner similar to CTL-mediated lysis. After
an NK cell adheres to a target cell, degranulation of perforin-containing
granules occurs. This release of perforin damages the target cell. NK
cells may also destroy target cells by stimulating apoptosis, which is
programmed cell death (1).

An editorial written by Moretta et al. entitled Origin and Functions of
Human Natural Killer Cells, genetically analyzes the mode of inheritance
of target cells in their susceptibility or resistance to lysis by NK cells (2).
Their observations revealed that the expression of given HLA class |
alleleles protects target cells from lysis by different groups of natural
killer clones. The findings of their experiment were consistent with the
hypothesis that NK cells recognize either polymorphic epitopes of class |
molecules or structures selectively bound to certain HLA alleles. Their
data showed that a loss of defined HLA-C alleles rendered the cell
variants susceptible to lysis by defined groups of alloreactive clones.
Cell transfectants for different HLA class | alleles or cell variants
expressing only single class | alleles provided resistance to lysis. The

expression on target cells of the HLA-Cw4 allele rendered the cell



resistant to lysis by an arbitrarily named group 1 NK clone. The HLA-
Cwa allele also rendered the cell resistant to lysis by group 2 NK clone.
They believed resistance to lysis was dominantly inherited and co-
segregated with HLA haplotypes. Any pathological event which would
cause lack or masking of expression, such as tumor transformation or
viral infection, would render the cells susceptible to lysis by NK cells.
An article written by Yuan et al. explained the interactions between B
lymphocytes and natural killer cells (3). Evidence has accumulated to
show that NK and B cells interact productively. They found that NK cells
secrete a factor (or factors) that activate, in vivo, preactivated B
lymphocytes directly. The nature of the factor did not appear to be a
lymphokine known to be produced by NK cells. Because the factor is
labile, they believed that cloning its gene would be difficult. NK cells
produce a second factor that can induce B cells to secrete polyclonal Ig.
This is mediated by a soluble factor or factors that appears to be
different from any known cytokine. The in vivo relevance of these
interactions revealed that activated NK cells can increase the IgG2a
response to a specific protein antigen. They also learned that B
lymphocytes may exert an effect on NK cells. Preactivated B lymphocytes
can induce NK cells to produce greater amounts of IFN-gamma via an
interaction that requires direct cell contact. Interferon (IFN) refers to
several glycoproteins produced and secreted by certain cells that induce
an antiviral state in other cells and also helps to regulate the immune
response. |IFN-alpha and IFN-beta primarily provide antiviral protection
whereas IFN-gamma which is produced by T cells, has numerous

effects on various immune-system cells (1). Their study showed that NK



cells did not have the ability to kill primary B lymphocytes, as previously
speculated, regardless of their stage of differentiation.

Various cytokines have immunoregulatory effects on natural killer
cells. Cytokines are any of numerous secreted, low-molecular weight
proteins that regulate the intensity and duration of the immune response
by exerting a variety of effects on lymphocytes and other immune cells
(1). Interferons, interleukin-2 (IL-2), interleukin-7, interleukin-12 and
interleukin-6 were all shown to be responsible for direct activation of NK
cells (4). IL-2 has been shown to potentiate NK activity, increase the
cytotoxic granule content of NK cells, and enhance adhesion molecule
expression. It induces lymphokine-activated killer (LAK) cell
phenomenon [LAK refers to a heterogeneous population of cytotoxic
cells (1)] and proliferative activity in human NK cells. IL-2 increases
antibody dependent cellular cytotoxicity (ADCC). ADCC refers to NK
cells or other nonspecific cytotoxic cells that express Fc receptors
recognizing bound antibody on a target cell and subsequently causing
lysis of the target cell (1). IL-2 induces mRNA transcription and
secretion of cytokines. When IFN-alpha or IFN-gamma are used as co-
stimulus to IL-2, there was an enhancement of the IL-2 induced NK
cytotoxicity. Longer co-culture with IFN-gamma and IL-2 reduces the lytic
activity compared to the effects of IL-2 alone. The inhibitory effect may be
mediated through adherent accessory cells. The interferons did not
cause NK cell proliferation and they inhibited the proliferative activity
induced by IL-2 in peripheral blood mononuclear cells (4).

IL-7 induces substantial levels of LAK activity in purified CD56+ NK
cells in 5 days culture. CD56+ is a cell membrane molecule of NK cells

that functions in adhesion and it is identified by a monoclonal antibody



(3). However, IL-7 induced an 8-15 fold lower proliferative activity in
CD56+ NK cells than IL-2. IL-7 mixed with a suboptimal concentration of
IL-2 potentiated the proliferation of NK cells over that seen with IL-2
alone (4).

IL-6 is thought to modulate NK cell functions in mononuclear cell
populations (4). Peripheral blood mononuclear cells cultured with IL-6
showed increased NK cell cytotoxicity. This effect was mediated through
an endogenous production of IL-2. IL-6 also caused the induction of
adhesion molecules, TNF-gamma and TNF-beta cytokine production,
and it caused low levels of proliferation in purified CD3-CK56+ NK cells.

NK cells are able to secrete several cytokines, but the presence of
contaminating cells in the NK population interferes with interpretation of
the data (4). IFN-gamma can be produced from highly purified NK cell
cultures. NK cells can secrete TNF in response to IL-2, IL-6, IL-7, IL-12
or FcR-interactions. IL-2-activated NK cells may also secrete TGF-beta
and IL-8. The ability of natural killer cells to secrete various cytokines
indicates they may function to modulate the activities of other leukocytes
or leukocyte precursors.

IL-12 is a cytokine of particular interest in my research project. It is
produced by macrophages and B lymphocytes. It effects T lymphocytes
and natural killer cells by stimulating cytotoxic activity and proliferation.
IL-12 promotes the development of T cells that are responsible for
delayed type hypersensitivity and induces the production of IFN-gamma
and TNF (5). IL-12 was shown to increase NK activity and to increase
levels of IFN-gamma production in NK cells and activated T cells. When
IL-12 was added to cultures of purified resting NK cells, there were high

levels of NK cytotoxicity (5). The effect of IL-12 was independent of IL-2.



LAK activity induced by IL-12 was approximately 50% of that induced by
IL-2. The maximum enhancement of NK cytolytic activity by IL-12 is
achieved at picomolar concentrations, while IL-2 requires nanomolar
concentrations. |L-12 also caused an enhancement of ADCC, cell-
adhesion molecule expression, and increased NK cell granule contents.
Low IL-12-induced proliferative activity was recorded but IL-12
potentiated the proliferative activity of NK cells stimulated with
suboptimal levels of IL-2 (4).

IL-12 has many functions (6). In short term incubations of in vitro
systems, IL-12 stimulated NK cells to kill NK-sensitive cells, NK-
resistant cells, antibody-coated tumor target cells, and virus-infected
fibroblasts and T cells. The effects of IL-12 were shown to function
independent of IL-2. The addition of anti-IL-2 antibodies, anti-IL-2
receptor antibodies and IL-4 (all inhibit NK activity induced by IL-2) did
not inhibit IL-12 activation of NK cells.

IL-12 has been shown to influence the proliferation of T cells and NK
cells in various in vitro assays (6). IL-12 does not stimulate proliferation
in resting peripheral blood mononuclear cells, but it does induce
proliferation of lymphocytes that have been previously activated by
lectins, phorbol esters, IL-2, anti-CD3, or allogeneic stimulation.

When NK cells are purified away from other contaminating cell types,
IL-12 can induce the proliferation of NK cells. When CD56+ NK cells
were stimulated with IL-12, the level of induced proliferation was only
10% of the level induced by IL-2 and 50% of the IL-7-induced proliferative
response. Depending on the conditions used, IL-12 had either an
additive or inhibitory effect on IL-2-induced NK cell proliferation. Dosage

was a factor influencing this proliferation. Where low doses of IL-2 was



added, IL-12 enhanced proliferation. Conversely, at higher doses IL-2
inhibition was observed by the addition of IL-12. It was also learned that
combinations of IL-4 and IL-12 resulted in synergistic proliferation of NK
cells (6).

IL-12 has been tested clinically and shown to be useful in the
treatment of parasitic infections, viral diseased, and malignancies (6).
Murine leishmaniasis is a disease associated with the expansion of
CD4+ T cell subsets. CD4+ molecules are the adhesion molecules that
bind to class || MHC molecules and also function in signal transduction
(1). It was discovered that IL-12 could be used for treatment because it
is able to stimulate IFN-gamma synthesis, a cytokine that inhibits the
parasite. IL-12 is also able to augment the development of CD4+TH1
cells (T cells responsible for a cellular response to parasites) which
prevents the production of IL-4. The proposed mechanism is thought to
occur as follows. First IL-12 stimulates NK cells to produce IFN-gamma,
which in turn activates macrophages to exhibit antileishmanial activity.
IL-4 down regulates this macrophage activation but the induction of TH1
cells results in lowered amounts of IL-4.

Mice injected with lymphocytic choriomeningitis virus (LCMV) develop
a strong protective CD8+ cytotoxic T lymphocyte response (6). Treatment
with IL-12 decreased replication of the virus and enhanced the number
of CD8+ T cells in the lymph nodes, spleen, and blood. Synergistically
elevated levels of serum IFN-gamma and TNF were found in mice
receiving IL-12 treatment. The mechanism involved in stimulation of the
cytotoxic T cell response is unclear, but it is presumed that IL-12 causes

an increase in IFN-gamma and TNF and these both inhibit the virus.



IL-12 also has antimetastic and antitumor activity in a number of
murine tumor models (6). Experimentally-induced pulmonary
metastases of the B16F10 melanoma showed antimetastic effects with
dose dependent IL-12 treatment. IL-12 treatment reduced
experimentally-induced hepatic metastases of M5076 reticulum cell
sarcoma and increased survival. Activity against established
subcutaneous tumors was observed after IL-12 treatment. Renca renal
cell carcinoma, B16F10, M5075, and several other tumors responded to
IL-12 treatment. The observed activity against the established
subcutaneous tumors included substantial growth inhibition,
prolongation of survival, rejection of subsequent rechallenge with the
same tumor, and in some instances complete tumor regression.

Because treatment with high doses of cytokines often results in
toxicity, clinical chemistry and hematology parameters were evaluated.
Leucopenia (a decrease in both circulating neutrophils and
lymphocytes), moderate increases in hepatic transaminases, and
anemia were all observed in IL-12 treated mice (6). However, lower
therapeutic doses of IL-12 caused relatively few toxicities (6).

A number of experiments have been performed to elucidate the
mechanism of IL-12 effect on tumor cell growth. The following has been
proposed. First IL-12 induces cytokine secretion from NK cells and/or T
cells. IFN-gamma is one of the cytokines secreted and it is critical for
antitumor efficacy. IFN-gamma can activate macrophages present in the
tumor and can contribute to the development of CD8+ cytolytic T cells.
The cytolytic T cells inhibit the growth and/or induce regression of the
tumor (6). Other cytokines produced may also contribute to anti-tumor

efficacy (6).



Because IL-12 is a vital cytokine, a monoclonal antibody directed
against it would be a useful research tool. A monoclonal antibody is a
homogenous preparation of antibody molecules all exhibiting the same
antigenic specificity. Monoclonal antibodies are produced by cloned
hybridoma cells that secrete antibody, like a B cell, and live indefinitely in
culture, like a myeloma cell (7). The production of a hybridoma cell line
involves the fusion of myeloma cells (cancerous plasma cells) with B
cells from the spleen of a mouse immunized with the antigen IL-12.
When cells are treated with Sendai virus or high concentrations of
polyethylene glycol (PEG) their membranes fuse. The resulting cell is
known as a heterokaryon, a multinucleated cell. At the next cell division,
the nuclei of the heterokaryons fuse, and the daughter cells posess a
more or less equal share of the genetic material. The hybrid cells are
genetically unstable and a loss of chromosomes occurs. This loss of
chromosomes is thought to be preferential depending on the species
and the cell type. When a hybridoma cell is isolated in culture, it will
divide to produce a clone of genetically identical cells and these cells will
produce the monoclonal antibodies (8).

Monoclonal antibodies are useful in research. They can be used to
purify proteins (1). A monoclonal antibody specific for the protein of
interest is attached to beads to form an immunoadsorbent column. The
crude preparation is passed through the column and the protein of
interest may then be eluted. Monoclonal antibodies can identify and
isolate lymphocyte subpopulations and clones (1). If monoclonal
antibodies to CD4+ and CD8+ are labeled with two different
fluorochromes and then incubated with a lymphocyte preparation, an

investigator would be able to separate the T helper cells from the T

10



13

cytotoxic cells with a fluorescence activated cell sorter. Monoclonal
antibodies can be used for tumor detection and imaging (1). Tumor-
associated membrane proteins are absent or at low levels on normal
cells but are present on tumor cells. When a monoclonal antibody
specific for a certain tumor-associated membrane protein is created, the
tumor can be detected. Radiolabeled monoclonal antibodies can be
used to image primary or metastic tumors in patients. Tumor killing can
be facilitated by monoclonal antibodies and complement-mediated lysis
(1).

In summary, the activities of IL-12 suggest that it may play a role in the
defense against intracellular microbial infections and cancer by
enhancing the cytolytic function of NK cells. A monoclonal antibody
directed against IL-12 would be of particular interest because it could be
used in bioassays examining the effect of IL-12 on NK cell function. In
the following studies, a monoclonal antibody directed against mouse IL-

12 will be prepared and tested by ELISA for the ability to bind to IL-12.
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MATERIALS

Reagents

IL-12 was purchased from R&D Systems, Inc. (Minneapolis, MN). Freund's
adjuvant, cryogenic vials, oxaloacetate, pyruvate, insulin, hypoxanthine,
aminopterin, thymidine, polyethylene glycol, mouse serum, O-
phenylenediamine, sodium bicarbonate (for cell culture use), sodium
phosphate, Tris, EDTA, Tween-20, and hydrogen peroxide were all purchased
from Sigma Chemical Company (St. Louis, MO). The 96-well plates used in
the experiment were purchased from Becton Dickinson Labware (Oxnard, CA).
The 24-well plates used in the experiment were purchased from Corning Glass
Works (Corning, NY). The cryogenic vials used to freeze aliquots of cells were
purchased from Sigma Chemical Company (St. Louis, MO). The MRC-5
fibroblast cells (passage 5) and the P3X63AG8.653 myeloma cells were both
purchased from American Type Culture Collection (Rockville, MD). RPMI1640,
fetal calf serum, penicillin/streptomycin, and L-glutamine were all purchased
from Life Technologies (Grand Island, NY). The secondary antibody of the
ELISA was goat anti-mouse IgG+IgA+IgM (H+L) peroxidase, purchased from
Life Technologies (Gaithersburg, MD). Sodium chloride was purchased from

Fisher Scientific (Fair Lawn, NJ).

METHODS

Mouse vaccination
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A DBA-2 strain mouse was purchased from Jackson Laboratories. It was
immunized with 5 ug of IL-12 dispersed in 250 ul of sodium chloride (saline).
This solution was drawn into a 1.0 ml syringe and mixed with an equal amount
of complete Freund's adjuvant. The solution was injected into the mouse
intraperitoneally. Seven days later 5 ug IL-12 dispersed in 250 ul of sodium
chloride (saline) mixed with an equal amount of incomplete Freund's adjuvant
was injected intraperitoneally. One week later blood was collected from the
mouse and tested by ELISA (see below) for the presence of antibodies directed
against IL-12. As IL-12 antibodies were detected, the cell fusion could be
done. To assure development of plasma cells, an intravenous booster of 5 ug
of IL-12 in 250 ml of saline was administered three days prior to the collection

of spleen cells for the cell fusion (9).
ELISA

The ELISA used throughout this study is based on antibody present in the
mouse serum or cell culture supernatant binding to IL-12 coating the bottom of
a microtiter plate well (see Figure 1). A secondary antibody (from a goat
immunized with mouse antibodies) is conjugated with an enzyme (horseradish
peroxidase), and will bind to the antibody of interest. When substrate (OPD-
orthophenylenediamide) is added, it reacts with the enzyme to yield a colored
product. The whole well appears colored and the 96-well plate can be read on
a Microplate Autoreader (model EL311 Bio-Tek Instruments) at 490 nm.
Conversely, a negative well will have no antibody present to bind the adherent
IL-12. The secondary antibody conjugated with an enzyme will have no
antibody to bind, and no colored product is obtained. Blood was collected from

the capillaries behind the eye of an anesthetized mouse. The serum was
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Figure 1. ELISA For Interleukin-12. The top well
reprsents a positive result and the bottom well
represents a negative result.
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isolated and refrigerated. A 96-well plate was coated with 100 ul of IL-12 (1ug
of IL-12 brought up to 2 ml in 0.5 mM sodium carbonate buffer, pH 9.6) and
incubated overnight at 4°C (see Figure 1). The solution was removed from the
plate by flicking the plate over the sink and blotting it on a paper towel. The
unreacted protein binding sites of the well were blocked by incubating for 30
minutes at 220C with 150 ul of blocking buffer (1% BSA in 150 mM NaCl, 50
mM Tris, 2 mM EDTA in TBS, at pH 7.4). The plate was washed three times by
flooding the wells with PBS-Tween (phosphate buffered saline with 0.05%
Tween-20), flicking the plate over a sink and blotting it on a paper towel. The
blank well received 100 ul of sample buffer (50 mg BSA and 5 ul Tween-20
brought up to 10 ml with TBS). The negative control well received 1 ul of mouse
serum and 100 ul of sample buffer. The plate was incubated at 22°C for one
hour or 40C overnight to allow antibody binding. The wells were washed three
times with PBS-Tween and 100 ul of goat anti-mouse 1gG+IgA+IgM (H+L)
peroxidase labeled immunoglobulin, diluted 1:1000 in sample buffer, was
added to each well. The plate was incubated at 4°C overnight or 22°C for two
hours to allow binding of the secondary antibody. The plate was washed three
times with PBS-Tween and 100 ul of OPD solution (10 ml 0.1M phosphate
citrate buffer, 10 mg of O-phenylenediamine, and 4 ul of 30% hydrogen
peroxidase) was added to all the wells. The plate was incubated 30 minutes at
220C then 50 ul of 2.5 N sulfuric acid was added to each well. The absorbance

was read with the Microplate Autoreader (model EL311 Bio-Tek Instruments) at

490 nm(11).

Cell fusion
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P3X myeloma cells grown in RPMI were incubated with OPl media the morning
of the fusion (9). OPI media consisted of RPMI supplemented 1:1000 with
1000X OPI (1.5 g oxaloacetate, 500 mg sodium pyruvate, 2000 IU bovine
insulin in 100 ml H20) (9). The vaccinated mouse was anesthetized by
metaphane inhalation. Blood was drawn from the heart and the spleen was
removed. The spleen cells were isolated under sterile conditions by pressing
the spleen through a sieve into complete RPMI [RPMI enriched with 20% heat
inactivated (65°C for 45 minutes) fetal calf serum, 1% penecillin/streptomycin
(10,000 units/ml of each in 0.85% saline), and 1% L-glutamine (29.2 mg/ml in
0.85% saline)]. The solution was allowed to sit for five minutes to allow clumps
to settle, then the supernatant was removed. The supernatant was centrifuged
at 300 x g for eight minutes. Tris buffered ammonium chloride (90 ml 0.16M
NH4Cl and 10 ml 0.17M Tris pH 7.65 and adjusted to pH 7.2 with HCL) was
added to the pellet to lyse the red blood cells (10). The cells were underlain
with 3 ml of fetal calf serum and spun at 300 x g for 10 minutes. Media (10 ml)
was added to the spleen cell pellet and the cells were counted on a
hemocytometer. The fusion was performed according to the method described
by Harlow and Lane in Antibodies: A Laboratory Manual (10). The myeloma
cells, which live indefinitely in culture and are HGPRT-, were counted and a
solution was made containing 5 spleen cells to 1 myeloma cell. The cells
were combined in a 50 ml conical tube and washed twice by adding fresh
media without fetal calf serum and centrifuging at 200 x g for 8 minutes. The
supernatant was removed and 1 ml of 50% polyethene glycol was added
dropwise to the cell pellet over one minute while shaking the test tube. RPMI
without fetal calf serum (1 ml) was then added dropwise over one minute while
shaking the test tube. An additional 8 ml of media was added dropwise over

five minutes while shaking the test tube, and the cells brought up to 50 ml with



RPMI without fetal calf serum. The tube was centrifuged at 200 x g for eight
minutes. The cell pellet was resuspended in 24 ml of media. The fused cell
were then dispensed (1ml/well) into a 24-well plate containing MRC-5 cells.
The feeder layer cells (MRC-5) used in this project were fed DMEM media
supplemented with 10% heat inactivated (65°C for 45 minutes) fetal calf
serum, 1% penecillin/streptomycin (10,000 units/ml of each in 0.85% saline),
and 1% L-glutamine (29.2 mg/ml in 0.85% saline). The supernatant was
aspirated from the MRC-5 cells before the addition of the hybridoma cells (B
cells fused to a cancer cell). The MRC-5 fibroblasts function by secreting
unidentifiable cell to cell factors that enable hybridomas to survive harsh
adverse conditions. Fibroblasts are also useful because they adhere to the
culture well or flask, while the hybridomas remain in suspension in the media
(8). The cells were then incubated at 37°C and 5% CO2. After 24 hours, 1 ml
of media containing 2X HAT was added to each well. HAT media consisted of
complete RPMI supplemented with 50X HAT (when reconstituted in 10 ml each
vial will contain 5 x 10-3M hypoxanthine, 2 x 10-5M aminopterin, 8 x 10-4M
thymidine). After 14 days HAT was left out of the media and HT supplemented

media was used for 7 days. HT media consisted complete RPMI

supplemented with 50X hypoxanthine and 50X thymidine (when reconstituted in

10 ml each vial will contain 5 x 10-3M hypoxanthine and 8 x 10-4M thymidine)
(8).

Cell maintenance

The fused cells were allowed to sit one week then observed under an inverted
microscope and fed every two or three days with RPMI 1640 containing 20%

heat inactivated fetal calf serum, penicillin/streptomycin, and L-glutamine. The
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cells were kept at 37°C in a carbon dioxide incubator. When a hybridoma
culture tested positive for antibody production, a sample was frozen and stored
at -709C. For cryopreservation, the cells were spun at 250 x g for ten minutes.
The pellet was resuspended in 1 ml of complete RPMI 1640 containing 10%
dimethylsulfoxide. Each aliquot was put in a cryogenic vial and stored in a
taped Styrofoam box for 24 hours at -7009C. The vials were then transferred to

their respective shelves in the -700C freezer or to liquid nitrogen (8).

Limiting dilution cloning

A 96-well plate was obtained and seeded with MRC-5 cells to serve as a feeder

layer. 50 ul of the MRC-5 cells at 1 x 102/ml were added to each well and
grown to confluence. The media was removed and replaced with 50 ul
complete RPMI 1640. Subcloning was performed by the rapid cloning method
as described by Harlow and Lane in Antibodies: A Laboratory Manual (9). To
the top left well 50 ul of hybridoma cells were added. The cells were mixed by
gently pipetting and a 1:2 serial dilution was done down the left row. The
remaining 50 ul was discarded. Using an eight well multipipettor, a 1:2 serial
dilution was done across the plate. The cells were allowed to grow for 5-7
days and the plate was observed for wells containing only one cell.
Theoretically a diagonal line from the top right corner to the bottom left corner
should appear containing only one cell per well (see Figure 2). The wells
containing only one cell were grown to confluence, transferred to a 24-well
plate, and tested by ELISA. This procedure was repeated twice to produce a

purified hybridoma culture.
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Figure 2. Theoretical depiction of Limiting Dilution
Cloning. A diagonal line of single cell wells extends
from the bottom left to the top right.
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RESULTS

The procedure that was followed throughout the project is summarized in
Figure 3. When blood from the immunized mouse was tested by ELISA, it was
determined that antibodies against IL-12 were present. The well containing
blood from the mouse had an absorbance reading 0.675, while the negative
control well containing mouse serum had an absorbance reading of 0.140.
This positive ELISA reading indicated that the experiment could proceed to the
cell fusion.

After the myeloma cells were fused with the splenic B cells, the culture was
placed in each well of a 24-well plate containing the feeder layer MRC-5. As
shown in Figure 4, these wells were labeled A through X for the future
identification of clones. To prevent culturing of myeloma cells fused to
myeloma cells or B cells fused to other B cells, a process known as HAT
selection is utilized (8). In order for a cell to multiply it must be able to
synthesize nucleotides through the salvage pathway or through de novo
synthesis. HAT is an acronym for hypoxanthine, aminopterin, and thymidine.
Aminopterin in the hybridoma culture media prevents de novo synthesis of
nucleotides and forces all cells to utilize the salvage pathway. Hypoxanthine
and thymidine both encourage use of the salvage pathway because they are
intermediates. However, the only cells that can utilize the salvage pathway are
those that are HGPRT*. HGPRT stands for hypoxanthine guanine
phosphoribosyl transferase and it is a vital enzyme of the salvage pathway.
Myeloma cells are HGPRT- and B cells are HGPRT*. Therefore a myeloma
cell fused to another myeloma cell will not survive in culture because it cannot
perform de novo synthesis due to the presence of aminopterin. It cannot utilize
the salvage pathway because it is HGPRT-. A splenic B cell fused to another

splenic B cell wll synthesize nucleotides because it is HGPRT+, but for an
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Figure 3. Flow Chart of Procedure. This is a brief
description of the methods used for the research
project.
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Figure 4. Flow Chart of Subcloning Strategy and Results.
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unknown reason spleen cells show no long-term growth in culture. A splenic B
cell fused with a myeloma cell will synthesize nucleotides because it is
HGPRTH+, retains the properties of myeloma cells, and is able to grow long-
term in culture. The HAT selection strategy resulted in fourteen of the twenty-
four wells surviving the cell fusion procedure (see Figures 4 and 5). When the
surviving colonies grew to confluence, they were transferred to T25 tissue
culture flasks and tested for IL-12 antibody production.

An ELISA test was performed on the fourteen surviving colonies to confirm
IL-12 antibody production. The results showed that thirteen of the fourteen
colonies were producing the antibody of interest (see Figure 4). A well was
considered to be positive when its absorbance reading was two times higher
than the negative control well (mouse serum) absorbance value and relatively
close to the positive control well (serum from the immunized mouse)
absorbance value. | have indicated positive wells with shading (see Figure 6).
Aliquots of the positive colonies were cryopreserved, and the negative cell
culture was discarded.

Limiting dilution cloning was done on hybridoma culture G (see Figure 4).
Hybridoma G was selected because it had a positive ELISA reading and it was
one of the healthiest colonies (based on morphology). The principle of limiting
dilution cloning involves diluting a colony of cells the point where there is only
one cell per well. This one cell will continuously divide to create a clone of
identical cells producing antibodies specific for one antigen, resulting in the
production of a monoclonal antibody. A 1:2 dilution of cells was done down the
left column followed by a 1:2 dilution of cells across all of the rows.
Theoretically, this should result in a diagonal line of wells containing one cell

per well extending from the bottom left to the top right of a 96-well plate (see
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Figure 5. 24-well plate of Surviving Hybridoma Colonies.
The surviving cultures are encircled.
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Figure 6. ELISA of Surviving Hybridoma Colonies. A positive
test result is indicated by shading. Well B2 is the positive
control and B3 is the negative control. Cultures E, F, G, H, |,
J, K, L, M, N, O, Q, and R are all positive. Absorbance values
for each well: +control=*."**(too positive to be read),
-control=2.504, E=2.752, F=1.576, G=0.919, H=1.420, 1=2.77,
J=1.037, K=0.907, L=1.072, M=1.808, N=1.171, O=1.408,
P=0.249, Q=1.526, R=2.509.
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Figure 7. First Purification by Limiting Dilution.
Wells H3, H4, H9, G6, G7, F8, F7, E9, and D9 contain
only one cell and are encircled.
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Figure 2) (8). Nine wells contained only one cell per well, and these are darkly
encircled in Figure 7. Each of these nine wells were grown to confluence and
transferred to their respective well on a 24-well plate. When the cells grew to
confluence on the 24-well plate they were transferred to a T25 flask.

The nine hybridomas were again tested for [L-12 antibody production by
ELISA. Figure 8 shows that only two of the nine monoclonal antibodies, D9 and
F8, were positive for the secretion of the antibody of interest. Aliquots of D9 and
F8 were cryopreserved, and the negative cell cultures were discarded.

The monoclonal antibody F8 was further purified by a second limiting
dilution cloning to confirm the presence of only one antibody producing clone.
Nine wells contained only one cell per well, and they are encircled on Figure 9.
It is important to note that wells G6, F6, C9, B11, and A11 all died after
subcloning. After each surviving well (H4, H5, D8, D9) had grown to
confluence, it was transferred to its respective well on a 24-well plate. When a
well grew to confluence on a 24-well plate, it was transferred to a T25 tissue
culture flask.

The four surviving hybridomas were tested for IL-12 antibody production by
ELISA (see Figure 10). The monoclonal antibody absorbance values were all
close to the negative control absorbance value indicating the hybridomas were

not secreting antibody directed against IL-12 (see Figure 11).
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Figure 8. ELISA of Once Purified Single Cell Clones. A
positive test result is indicated by shading. Well B2
is the positive control and B3 is the negative control.
D9 and F8 are the only positive monoclonal antibodies.
Absorbance values for each well: +control=1.819,
-control=0.584, D9=1.973, E9=0.413, F7=0.492,
F8=0.769, G6=0.583, G7=0.365, H3=0.340, H4=0.398,
H9=0.389.
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Figure 9. Second Purification by Limiting Dilution. When
monoclonal antibody F8 was purified by limiting dilution
cloning, wells H4, H5, G6, F6, D8, D9, C9, B11, and A11

all contained only one cell. Hashed circles indicate cultures

that died immediately after subcloning.
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Figure 10. ELISA of Twice Purified Single Cell Clones. The
ELISA was negative indicating no monoclonal antibody was
secreting antibody directed against IL-12.
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