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ABSTRACT

Plaque assays that can detect single antibody-forming cells can be highly
informative. A need was identified for a plaque assay which uses nucleated
cells as targets, instead of the traditional erythrocyte targets. The objective of
this thesis was to develop such an assay and to try it on some simple cellular
problems in the field of monoclonal antibody technology.

The principle of the plaque assay was to use carboxyfluorescein diacetate
to stain living, EBV-transformed target cells and a red fluorescent dye (propi-
dium iodide) to stain the dead cells, in a plaque, that had been lysed by anti-
body and complement. A fluorescence microscope was then used to count the
plaques. The final method involved the use of microscope slides for the assay
and resulted in permanent preparations that could be stored and examined at
leisure.

Trials with this technique using a mouse hybridoma, Nfld.M2, secreting
cytotoxic antibody of anti-HLA-A2 and A28 specificity and of IgG2a subclass
showed that less than 22% of these recently cloned cells formed plaques and
that the majority of the cells were not secreting antibody, at least at levels
detectable in this plaque assay. Efforts to increase the number of plaques by
the use of a second antibody revealed a prozone effect. Another mouse hybri-
doma, Nfld.M1, secreting non-cytotoxic antibody of anti-DR4 specificity and of

IgG1 subclass was also used in the plaque assay. No plaques were obtained



even with the addition of developing antiserum.

A human hybridoma, Nfid.H1, secreting cytotoxic antibody of IgM class
was also used in the plaque assay. No plaques were observed and this was
attributed to the low rate of antibody secretion by the hybridoma cells. When
human EBV-transformed cells were used in the plaque assay as a source of

antibody-secreting cells, clear and distinct plaques were obtained.

The experiments described here show that the plaque assay is suitable for

1

use in analysing p in cellular i logy in both mouse and human

systems. The results have revealed at least one unexpected finding and this is
the low proportion of antibody secreting cells found in a clone and ways are
suggested for further research on these. Finally, the method for producing per-
manent preparations for immunofluorescence may find other applications for

teaching or research.
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CHAPTER 1

INTRODUCTION AND OBJECTIVES

A method capable of detecting individual cells secreting anti-HLA anti-
body is described in this thesis. Single cell methods for detecting antibody-
forming cells have been in existence for many years and have been developed
and modified to aid in counting and identifying cells forming and secreting
antibody; however, with few exceptions, they either involved red cells as tar-
gets or else were delicate and demanding techniques, involving the use of
micromanipulation. The aim of this study was to develop a method where
nucleated cells are used as targets. In this chapter, some of the earlier pub-

lished methods and their uses will be reviewed.

1.1. Immunofluorescent and Microdroplet techniques

Most of the earlier single cell methods were developed and used for the
purpose of identifying antibody-forming/secreting cells. Reiss, Mertens and
Ehrich (1950) demonstrated antibody-forming cells in the lymph nodes of
immunized rabbits by the method of bacterial adherence. Cell suspensions
made from these lymph nodes were incubated along with the bacteria of the
immunizing strain on a slide and observed microscopically. They noted that
certain lymphoid cells from these lymph nodes agglutinated on their surface

the bacteria of the immunizing strain. They identified these antigen-binding



cells as being members of the plasma cell series, thus confirming the observa-
tions of Fagraeus (1948) who was one of the first investigators to suggest, from
morphological observations, that antibody-forming cells belonged to the
plasma cell series. She had examined spleens from immunized animals and
had found that cells identified as plasmablasts began to appear 2 or 3 days
after antigen administration.

Coons, Leduc and Connolly (1955) examined various organs and tissues
from hyperimmune rabbits for antibody-containing cells using the fluorescent
antibody technique. This technique had been developed by Coons, Creech,
Jones and Berliner in 1942. They showed that fluorochromes could be conju-
gated to antibody without altering the ability of the antibody to combine with
antigen. To demonstrate the presence of antibody in various organs and tis-
sues from immunized animals, they incubated frozen sections of these tissues
with the appropriate antigen followed by the conjugated antibody to the same
antigen. Antibody-containing cells fluoresced when viewed under a fluores-
cence microscope. They demonstrated these antibody-containing cells in the
red pulp of the spleen, the medullary areas of the lymph nodes, the submucosa
of the ileum and the portal connective tissue of the liver. These antibody-
containing cells were identified as plasma cells.

Nossal and Lederberg (1958) described a single cell technique in which
antibody production by single cells isolated in microdroplets could be detected.

In this technique, popliteal lymph nodes from rats immunized with Salmonella



flagellar antigen were removed and processed to give a cell suspension. Single
cells were isolated in microdroplets (volume: 1077- 10~® ml) on the surface of a
coverslip and then immersed in paraffin oil. The coverslip was then inverted
over a chamber filled with oil and incubated at 37°C for a few hours. The
chambers were next placed on the stage of a microscope. With the aid of a
micropipette, bacteria of the immunizing strain were instilled into each micro-
droplet. The presence of anti-flagellar antibody was detected by specific
immobilization of these bacteria.

Using this technique, Nossal and Lederberg demonstrated the validity of
the one-cell-one-antibody theory. They immunized rats with two antigens and
found that single cells made antibody to one or the other antigen but not to
both. Nossal (1959b) showed that the difference between primary and secon-
dary responses was due to the fact that the proportion of cells actively secret-
ing antibody was far higher in the secondary response. This was also shown
by Leduc, Coons and Connolly (1955) by the fluorescent antibody technique.
Nossal (1959) also confirmed that most of the antibody-producing cells resem-
bled plasma cells.

The work of Nossal was further improved by using bacterial adherence to
preselect antibody-forming cells from among a mixed population of antibody-
forming and non-antibody-forming cells; these marked cells could then be
removed with a micropipette for use in detailed single cell studies (Makela and

Nossal, 1961). Nossal, Szenberg, Ada and Austin (1964), using this technique,



d trated the ph of isotype switching. They showed the sequen-
tial appearance of IgM and IgG antibody for the primary and secondary

responses, respectively. Cell suspensions were made from lymph nodes after

primary and dary i izations (the dary i ization was 6-8
weeks after the primary) in rats. Bacterial adherence positive cells were iso-
lated individually in microdroplets and incubated as usual. Following the
incubation, a small sample of each drop was removed, diluted and then divided
into four equal parts. Droplets in the first group were treated with mercap-
toethanol while droplets in the second group were treated with anti-7S globulin
serum. Those in the third group were treated sequentially with both. The
fourth group of droplets was left undisturbed. The untreated and doubly

treated microdroplets served as positive and negative controls, respectively.

Bacteria were then added to each droplet. The cells in the droplets that had
been treated with mercaptoethanol and could not immobilize the bacteria were
classified as IgM producers. The cells in the droplets that had been treated
with the anti-7S serum and had lost their immobilizing activity but were
unaffected by mercaptoethanol were classified as 7S producers. The cells in
the droplets that showed antibody activity in both the mercaptoethanol
treated and the anti-7S treated but no activity in the doubly treated droplet

were classified as double producers.

The single cell techniques described above, although effective, were tedi-

ous with very limited screening power in terms of detecting rare antibody-



producers among a large excess of non-producers.

1.2. Hemolytic plaque assay

In 1963, Jerne and Nordin developed a plaque assay which enabled them
to enumerate rare antibody-forming cells in a mixed cell population. In this
assay, popliteal lymph nodes removed from rabbits immunized with sheep red
blood cells were processed to give a cell suspension. These lymphoid cells
together with agar and target erythrocytes were plated in a petri dish pre-
coated with a bottom layer of agar and were incubated for one hour. The
incubation allowed the lymphoid cells to secrete antibody which bound to the
sheep red blood cells (SRBC). Guinea pig complement was then added and the
petri dish incubated for another hour. At this stage, the complement caused
lysis of the sensitized red cells, resulting in plaques which were visible as small,
round areas of hemolysis against the uniformly red background. These plaques
could be seen with the naked eye or visualized through a low power dissecting
microscope. The importance of this technique was that literally millions of
cells could be screened quickly for the presence of rare antibody-forming cells.

A short time later, Ingraham and Bussard (1964) introduced another local-
ized hemolysis in gel technique. They used carboxymethyl cellulose as the
thickening agent rather than agar, and microscope slides rather than petri
dishes. A mixture of lymphoid cells from immunized animals, guinea pig com-

plement and carboxymethyl cellulose containing SRBC was pipetted onto



microscope slides which were divided into two rectangular areas by the use of
gummed label paper. Coverslips were then placed on the slides and sealed
around the edges with melted vaseline.

Cunningham (1965) introduced a modification of the Jerne-Ingraham tech-

1 or

nique. His was a free suspension, er ique requiring no supporting

medium. A mixture of antibody-producing cells, complement and target
erythrocytes was placed in shallow circular chambers on microscope slides.
The cell suspension settled at the bottom to form a monolayer. The chamber
was then covered with a coverslip, and sealed with melted vaseline. This tech-
nique was found to be more sensitive and offered better resolution than the
Jerne-Ingraham technique.

In investigations aimed at a detailed study of the morphology of single
antibody-forming cells, Cunningham, Smith and Mercer (1966) further
modified the technique for the purpose of micromanipulating the plaque-
forming cells, since in the above technique the coverslips made the plaque-

forming cells i ible. A shallow chamber was prepared by painting vinyl

plastic around the edges of a microscope slide and this chamber was then filled
with paraffin oil. A drop of a mixture of lymphoid cells from immunized

animals, SRBC and 1 t was then introduced under the oil with a fine

pipette. The cells formed a monolayer and the plaque-forming cells that were

identified could be removed with a mi ipette attached to a mi ipul

L P

tor and examined under a light microscope for morphological studies.



The Jerne hemolytic plaque assay was thought to detect only those cells
secreting antibody of IgM class. Sterzl and Riha (1985) as well as Dresser and
Wortis (1965) showed that by adding anti-IgG sera, after primary incubation
with antibody-secreting cells, cells producing non-complement fixing antibody,
or antibody of low hemolytic efficiency could be detected. This technique was
further extended to the detection of plaque-forming cells of all classes and
subclasses by the use of appropriate antisera.

Mishell and Dutton (1967) who used the plaque assay to study primary
immune responses in vitro, used microscope slides rather than petri dishes, and
agarose instead of agar. This method was found to be more economical since
it required smaller amounts of reagents.

Cunningham and Szenberg (1968) introduced another modification of their

free ion techni h

P q!

by the size of the chambers was increased for
greater screening power. They prepared microscope slides by using four strips
of double adhesive scotch tape to divide it into three equal parts. Coverslips
were then pressed on to form three chambers. These chambers were then filled
by capillary action with a mixture of lymphoid cells from immunized animals,
erythrocytes and complement and sealed with melted vaseline. Anti-Ig sera
was also added for indirect plaques.

Nossal, Bussard, Lewis and Mazie (1970) introduced an ‘open system’

modification of the Ingraham-Bussard technique. This technique made the
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