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PREFACE

In recent years much progress has been made in the area of biotechnology. The cellu-
lar and molecular cloning methodology to develop monoclonal antibodies and DNA
probes have been extensively utilized in basic and clinical research. These investiga-
tions have provided the necessary information to apply these reagents to diagnostic
problems.

The RIA 85 meeting has focused on the application of monoclonal antibodies and
DNA probes in laboratory medicine. The papers presented at this meeting clearly
indicate that biotechnology has already had a significant impact on clinical medicine.
We hope that this book will give the reader a picture of the status of the art in this
field and will stimulate additional investigations in this area of research.

We thank the contributors for having managed to find time in their already busy
schedules to write their chapters and for having helped us to meet the deadline.

The editors
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éimechnalog 'y in Diagnostics,
H. Koprowski. S. Ferrone and A. Albertini editors

HYBRIDOMA VARIANTS AFFECTING ISOTYPE, ANTIGEN BINDING AND IDIOTYPE

.

LEONARD A. HERZENBERG, THOMAS J. KIPPS, LISA PETERSON AND DAVID R. PARKS
Department of Genetics, Stanford University Medical Center, Stanford CA.

9305, U.S.A.

Introduction

Since 1976 there has been an explosign of numbers of hybridomas generated by the
technique of Kohler and Milstein (1) or modifications of this technique (2,3); Often,
however, the monoclonal antibodies produced by these hybridomas have had the desired
specificity that belongéd to isotypes which did not permit them to be used for the
physiological or in vitro function desired by investigators. Therefore, the finding
by Radbruch, Rajewsky and colleagues that rare variants of hybridomas which had
switched isotype could be selected using the FACS (4,5) opened up the possibility of
employing hybridoma switch variant selection as a useful tool in "biotechnology". We
have employed and made more routine switch variant selection to such diverse probl@ms
as: 1) segmental flexibility and complement fixation as a function of isotype (6)2
and 2) the role of isotype in therapy with monoclonal antiboddes (7,8). Some of the
improvements in selection methods have been reported previously (9-11). In this
paper, we describe the importance of isotype in antibody dependent cellular

cytotoxicity (ADCC) using families of switch variants to HLA antigens.

The second part of this paper is a "progress report" on obtaining variants
affecting antibody affinity, specificity, and/or idiotypy, using the FACS., In
obtaining such presumed variable region mutants, we have also found.f new variety of
constant region variints. These are producing heavy chains which appear to have lost
approximately two domains and no longer permit secretionror immunoglobulin molecules.

Instead, these shortened heavy chains may have kept the membrane binding domains

giving four chain molecules in the membrane which bind the antigen but have no

detectable isotype specific epitopes (determinants).



Isotype switch vardanta

Immunoglobulin isotype switch variant cells can be isolated readily using the
fluorescence activated cell sorter. These switch variants, present at frequencies of
1 in 105 TO 106 in newly subcloned populations of antibody producing hybridomas,
are cells that have spontaneously changed in their expression of heavy chain isotype
while retaining expression of the same light chain and variable region as expressed
by the parent hybridoma cell. As such they produce immunoglobulin that retains the
same antigen binding specificity as the original monoclonal antibod&. Using highly
specific heterolgous antibody for the variant isotype or combinations of isotype
specific monoclonal antibodieg, these cells can be stainad.for variant immunoglobulin
present on their cell surface. Using the teéhnique of pauci-population sorting, these
cells can be isolated and identified after one round of sorting. Thus whole families
of immunoglobulin isotype switch variants can be fashioned, allowing for comparison
of the biochemical, physical and physiological properties of the murine

immunoglobulin isotypes, independent of other antibody var;gplea.

We used the technique of pauci-population sorting to select families of hybridomas
producing monoclonal antibodies specific for polymorphic determinants of class I HLA
molecules that are of different immunoglobulin»iaotypos. Starting with an 1561
producing hybridoma, one, five, twenty-five or fifty cells staining with anti—1362
antibody were sorted into individual wells of a microtiter plates., After nine days
culture, wells were assayed for the presence of variant 1502 isotype using a
sensitive solid phase radioimmune binding assay. The I‘GZb variant of ME1 was
present at high frequency, allowing us to obtain IgG2b producing clones after the
first round of sorting. (Table 1) Other variant isotypes, namely the 1302a of ME!
and the IgG2b and IgGZa isotypes of MA2.1 were sorted from the paugi-populations

producing variant immunoglobulin as detected in the radiocimmune binding assay.

The ngea and IgG2b variants of ME1 and H52;1 retain the same binding activity
for HLA as the 1501 antibodies produced by the respective parent hybridomas. Each
member of the ME1 variant family secretes antibody with high affinity to HLA-BTY,

Bw22, Bw42, and B27, and with low affinity for HLA-Bil (12). Each member of the MA2.1



family secretes immunoglobulin with high affinity for HLA-A2 and B17. When compared

with each other in either radio-immune or fluorescence-immune cell binding assays,

all antibodies of a given family retain the same binding activity for cells bearing

the appropriate HLA specificity (Figure 1). In oontrast to the 1301 antibodies

produced by the respective hybridomas, however, the Is(!zb and Ing. antibodies of

each of these families can be used in standard complement dependent oytotoxic tissue

typing assays.

PERCENT OF MAXIMUM BINDING

[ 23

NUMBER OF ISOTYPE SWITCH VARIANTS
DETECTED IN HYBRIDOMA POPULATIONS (x 10~5)
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Fig. 1. Titration of antibodies from switch variant families with JY: Antibodies of

the MA2,1 switch variant family (right) or the ME1 family (left) were titered with a

fixed number of JY. Specifically bound antibody was detected with FITC-labeled goat

anti-mouse Ig (right) or with

’zsi-ltbolod goat anti-mouas Ig (left) for the

fluoreacence-immune or radioimmune ocell-binding assays, respectivaely.



Having tliilioa of immunoglobulin witk shared binding aotivities but with different
immunoglobulin ;nocybea sllowed us to compare the capacity for each antibody isotype
to direct antibody-depandent cellular cytotoxicity (ADCC) by effector cells of the
human immune system. We noted that the 1302. ME{1 can direct significant ADCC of a
human B cell line; JY, by freshly isolated human PBLs{Figure 2) This lymphoblastoid
cell line expresses the HLA-B7 determinant recognized by the ME1 antibody (13). The
18025 ME1 antibody, however did not direct lysis of Daudi calls lacking the HLA-BT
in the presence of human PBL, indicating that specific binding of antibody is
required tqr cytolyseis, In addition, the IsGZa antibody did not direct lyfls of JY
in the absence of PBL, confirming thst ADCC was being oberved. Because the IgGZa
ME1 antibody demonstrated 30% specific lysis of JY after 270 minutes incubation with
the PBL (Figure 2), we choose a four hour incubation time for subsequent ADCC

experiments comparing the activities 1361. IgG2b nnd'IgG2a ME1.

T T L 1 T
E/T = 100:1 igG2s
60 ME 1 4
(10 pg/mi)
@ - -
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Fig. 2. ADCC directed by IgG,, ME1 antibody: crol-1abeled JY was incubated with
or without IgGZa ﬁE1 at 10 micrograms/ml. PBL were added to an E/T ratio of 10:1.
Bars indicate standard deviation (+/-SD) of percent specific lysis for triplicate

samples. "

Although both classes of the IgG2 molecules are zctive in ADCC, IgG2a ME1
antibody provides a higher maximal (25% 12%) ADCC activity than IgC, (10% +2%)
(Fsgure 3). The concentration at which the IgGZb ME1 achieves maximal ADCC,
however, is identical to that noted for IgGZa ME1, consistent with these antibodies

newing 1dentical L1 -~ affinities for the JY target cell. In contrast, no specific



lysis of JY sensitized with I|01 ME1 is detected, even at high antibody

concentrations. A similar heirarchy of capacities for directing ADCC was found using

LR}

the MA2.1 switch varisnt fﬂy of: .antibodies which recognizes the HLA-A2 ’{inpemimnt
expressed by JY, (Figure ﬁ).

.
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Fig. 3. Comparison of ADCC activities _or different antibody isotypes of MB‘I. Antibody
at various oonocntr'ltions was added to 5‘-1abeled JY. Percent specific lysis (+/-

8D) ip of JY with PBL after 4 hours incubation with an E/T ratio of 50:1.
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Fig. 4. Comparison of ADCC activities of different antibody isotypes of MA2.1.
Conditions are as deacribed in figure 3.

i3
Because longer incubation with PBL increased the specific lysis of IgGZA-coned
JY, we compared ADCC activities at incubation times greatar than four hours, seeking
to erhance detection of target cytolysis directed by either Istb or Ig(}.l ME1

antibodies. The percent level of cell killing directed by the 1562b ME?1 remained



significantly leas than that of the IgGZa-ootted JY at all time points tested

(FIGURE 5) and IgG.I ME? directed no ADCC up to at leaat 19 hours. -
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Fig. 5. Kineticas of ADCC directed by the different isotypes df MEY, 51Cr-1abeled JY
was inoubated with antibody of each isotype at 10 micrograms/ml. ADCC (+/- SD) of PBL

at an E/T ratio of '50:1 was assayed at times indicated.
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Fig. 6. Inhibition of I;Oz. ME1 ADCC: The Icﬂ.‘, F(Ab')z. or Fab' of ME1 was added
at various ooncensrations to separeate wells containing 51Cr-1abolod JY. Ing‘
ME1 was subsequently added to 2.5 ninrogrlpa/ul. After a 20 minute incubation at room

temperature, PBL were added to an E/T ratic &¢ 50:1. ADCC wa measured after U hr.
incubation at 37 degrees C. Samples withéut inhibitor had 30% (+/-1%) specific lysis

of JY with the IgGZa ME1. Percent inhibition ‘of ADCC was determined by comparing

the percent specific lysis of each sample with this value.



The 1561 ME!1 antibody, however, could ccumpetively inhibit the capacity of the
1302. aétibody to direct ADCC (Figuré 6). Such inhibition is comparable to the
P(Ab')2 fragment of ME!, demonstrating that the Fo of the antibody molecule is
critical for directing effective ADCC. Futhermore, 1502‘ ME1 directed ADCC of JY is
not affected by staturating concentrations of MA2.1 IgG1, although the later
antibody could effeotively inhibit MA2.1 1302‘ direoted ADCC. These results
demonstrate that the inhibition of ADCC by the 1301 antibody of a given switch
variant family is due to competition with the effective Inga molecule for binding
‘the HLA target.

Eraguenay of Isptype Swikohing:

Using the technique of pauci-population sorting, we assaaged the fregquency of
isotype awitching in generating several different switch variant families and noted
the fregquencies of isotype variants found within hybridoma populations over time.
Figure 7 displays the generalized spontaneous isotype switch frequeno}es in cultured
hybridomas., Although these frequencies may not apply to all hybridomas, they may
serve as useful approximations for those attempting to iaolate isotype switch .
variants. In this light, several points are worth emphasizing. The rates of
spontaneous isotype switching range from 10-4 to 10-7, comperable to conventional
spontaneous lﬁt.tion frequencies. The probabilities of isotype switching vary,
depending on the isotypes of both parent and switch variant hybridomas. The highest
probability events exchange the expression qr one isotype gene to that of its nearest
3' neighbor. This has been confirmed using two-color fluorescence cell sorting to ¢
select variant oells that have lost expression of the parent surface immunoglobulin
but retain the capacity to bind antigen. In these caases, IgG2b switch variants most
frequently ococur from 1301 producing hybridomas and IgE switch variants most
~fraquontiy ocour from 1502a prodﬁcing hybridomas. Thus, without directly selecting’
for a particular isotype, the switch variant isotype from a particular hybridoma
population is that of the nearest downstrean isotype gene. Switching to isotypes
louatod farther downstream apparently can occur directly, however, because the
probability of spontaneous switching two, cnd even three, genés downstream is much

greater than the product of probabilities for successive switching through isotype
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variant intermediates. This is even clearer if one multiplies the probability of
successive switching by tire number of 1ntermedi::o switched cells, which is always
small. Furthorlorqr we generally fiﬂd that the frequendies of successive spontaneous
isotype suitoh;ng from one given isotype to another is the alne'regnrdloas of whether
the hybrid&nna constitute a switch variant population or an original oe{l line. This
is in contrast, however, to a few exceptional variant families thlt“;::;;est
successively higher switch frequencies with each successive switch (Rajewsky,
personal communication). Spontanecus suitchiﬁs to isotype genes located 5' of the
heavy chain gene expressed by the hybridoma after fusion has not been detected.
Finally, in accord with the principles of population genetics elucidated by Luria and
Delbruck for asseasing the rates of spontaneous mutations within miocrobial cultures
(14), the nunber of switch variants within a hybridoma culture gonaralli increases
with the number of generations spent in culture without cloning. This last principle
hae great practical significance. Indeed, long term cultures of hyb}idonaa should not
bs subcloned prior to selecting switch variants as the frequency of acoumuiatins
variants wit;in such cultures may be two to three orders of magnitude higher than the

frequency of variants found within a newly cloned hybridoma population.

A Fig. 7. Generalized spontaneous isotype switch variant rrequahéiesﬁ

As part of a project to investigate the relstionship between antigen binding
properties of Lybridoma antibodies and combining site sequences and structures we are

seleocting spontaneous hybridoma variants for altered binding affinity or fine



