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STATEMENT OF QUESTION

Jerne was the first to present a model of how
idiotypes could be used in the regulation of the antibody
response (l1). Since then a large amount of experimental
data has been gathered which supports the basic premise
that the idiotypes are not expressed at random but are
regulated in some fashion. Examples of this are responses
to the haptens phospholcholine (PC), arsonate (Ars) and (4
hydroxy-3 nitrophenylacetyl (NP), where a substantial pro-
portion of the response consists of antibody of a single
idiotype (2-4). Dominance of an antibody response by a
single idiotype is an exception since most antibody re-
sponses are heterogeneous with respect to idiotype. The
specific examples listed above and similar systems have
become models for studying the regqulation of idiotype ex-
pression since their large representation in the response
makes them easy to study, the assumption being that what-
ever regulatory mechanisms are used in these responses
would be representative of those used in all responses.

In the work for this thesis I have used the response to
the hapten trinitrophenyl (TNP), which does not have a
dominant idiotype, to approach the question of idiotype
regulation. This approach was made possible by the use of
hybridoma technology which allows one to select a panel of

individual idiotypes from a diverse response.



This approach allowed us to ask whether the ex-
pression of idiotype is regulated at the level of antibody

affinity, genetics, or cellular mechanisms.



LITERATURE REVIEW

Idiotypes are antigenic determinants on antibody
molecules which are unique to antibodies of a given speci-
ficity and are therefore associated with the variable re-
gion of the antibody molecule. Jerne has proposed an idio-
type network theory (1) which states that idiotypic deter-
minants can be used as recognition points for regulatory
control mechanisms during an immune response. 1In the years
since this theory was proposed a growing body of experi-
mental evidence has accumulated in its support.

The clinical relevance of idiotypes is apparent
from a number of different studies. A spontaneous auto
anti-idiotype recognizing the Coombs Positive autoanti-
bodies of the NZB mouse has been described (5). A natur-
ally occurring autoimmune thyroiditis in rats has been
treated with low dose irradiation and anti-idiotype (6)
and an experimental autoimmune nephritis can be blocked
with anti-idiotype (7). Antibodies to the acetycholine
receptor in patients with myasthenia gravis have been found
to have a common idiotype (8). Anti-idiotypic antisera
have also been used to follow tumor load in lymphoma pa-
tients (8) and to enhance immunity to trypanosomes (10).
These kinds of studies indicate that an understanding of
idiotypic regulations may have important clinical applica-

tions in the future.



As mentioned above the expression of idiotype can
be regulated at one or more of three levels: antibody
affinity, molecular mechanisms and/or cellular mechanisms.
I shall review each of these starting with antibody af-
finity.

Since many idiotypic determinants are in or near
the antibody combining site they can serve as genetic
markers for those sites. It is possible then that a given
idiotype is expressed in a response simply because it is
associated with a high affinity binding site. This possi-
bility is easily tested by determining the antibody affini-
ty of a dominant idiotype and comparing it to the affini-
ties of non-dominant idiotypes. Studying the T15 idiotype,
which is associated with the PC binding myeloma protein of
Tepc-15, Rodwell et al. showed that there is affinity
maturation in the anti-PC response with the secondary non
T15 IgG antibodies having higher affinity than the primary
T15 IgM antibodies (11). They argue for an antigen driven
selection mechanism for high affinity antibodies but do
not explain the T15 dominance seen in the primary response;
Briles et al. compared T15 positive hybridomas to ones
expressing M603 or M511 idiotypes in the ability to protect

mice from a S. pneumoniae challenge and found the T15 idio-

type to be optimal (12). They proposed that this was a
force in T15 being selected as the dominant anti-PC idio-

type. But Briles and Davie have also shown that commitment



to a specific spectrotype of anti-carbohydrate antibody,

as defined by isoelectric focusing, can occur before the
antigen is seen (13). These data would argue that antibody
affinity alone is not the major regulator of idiotype ex-
pression.

The second possible level of idiotype regulation
is molecular. At this level the expression could be regu-
lated by the heavy chain allotype, Ir genes, isotype, or
the simple presence or absence of the proper variable re-
gion gene in the genome. An early explanation of the domi-
nance of the T15 idiotype in the response of the BALB/c
mouse to phosphocholine was that in these mice T15 was the
only variable region gene available for anti-PC antibody.
This was shown not to be the case in two ways. First
Gearheart et al. looked at the heterogeneity of anti-PC
precursors and found that T15 positive precursors were
only a small fraction of the total (14). Second, it is
possible to suppress the expression of a given idiotype by
administering anti-idiotypic antibody from birth. When
Augustin and Cosenza used this method with T15 they were
able to get substantial anti-PC responses that were T15
negative (15). Similarly, Berek et al. were able to gen-
erate PC specific hybridomas from mice neonatally supressed
with anti-T15 idiotype (16). These studies were inter-
preted to mean that BALB/c mice have genes which code for

non T15 PC binding antibodies but for whatever reason they



are not normally used.

This conclusion is strengthened by the observation
that many idiotypes appear to be germline genes present
throughout a species and even across species lines. Peare
and Claflin found T15 positive antibodies in a number of
inbred strains of mice and even in wild mice (17). The
only difference noted was a somewhat greater heterogeneity
of the T15 antibodies in strains other than BALB/c. Crews
et al. looked at the amino acid sequence of nineteen mono-
clonal anti-PC antibodies and found all could have derived
from a single gene by somatic mutation (18). 1In addition
Estess et al., using restriction fragment analysis, con-
cluded that the major crossreactive idiotype of the anti-
arsonate response was derived from at most two genes (19).
Sharing of amino acid sequences in the first hypervariable
region between mouse and human anti-PC antibodies has been
shown by Riesen et al. (20). Petit et al. have described
a major idiotype in the response of rats to GAT (21). The
idiotype is found on a number of inbred strains of rat as
well as mouse and guinea pig. It appears that dominant
idiotypes can be coded for by germline or at least closely
related genes which are present throughout the species and
even across species but that these are not necessarily the
only genes that can be used.

The genetic control of idiotype expression is

most often found to be linked to the immunoglobulin genes



themselves, ie., the heavy chain allotype locus (IgH).
This is most clearly shown in the anti-NP response of the
C57BL/6 mouse where the response is dominated by a single
idiotype, NPb, which requires the lambda light chain, the
IgH b allotype and is heteroclitic. A second idiotype,
Npa, is a minor idiotype of the C57BL/6 response but is a
major idiotype in the response of BALB/c mice which ex-
press the IgH a allotype (22.) Anti-NP hybridoma anti-
bodies were isolated from C57BL/6 and BALB/c mice (23).
Those from C57BL/6 (NPb) could be placed into six groups
based on their idiotypes determined serologically. One of
the group showed crossreactivity with the NPa positive
hybridomas from the BALB/c mouse. In addition the NPa
monoclonal antibodies were much more homogeneous consisting
of a single serological group. Their findings suggest that
the NPa and a portion of the NPb response are derived from
a single germline gene. These investigators are studying
DNA sequences of the genes to clarify this point.

Similar findings linking allotype and idiotype
were made in the azophenylarsonate (Ars) response where
the major idiotype (CRIa) in the A/J mouse is linked to
the IgH a locus (24). CRIa can be expressed on more than
one allotype but restriction to certain allotypes has been
shown in allotype congenic mice (25). A second major idio-
type defined in the BALB/c mouse (CRIc) is also allotype

linked and is similar to a minor idiotype found in the A/J



response (26, 27).

Allotype congenic mice were also used to show
that the PC binding idiotype M511 was controlled by the
IgH locus but that PC binding idiotypes T15 and M603 are
not (28). These and other studies have clearly established
that there is often, but not always, a strong association
between IgH allotype and idiotype implying that allotype
alone is not the only regulator of idiotype expression.

Another point of debate on idiotype expression
has been the location of the idiotypic determinant: heavy
chain, light chain or both. The method for determining
chain association or determinants is to separate the heavy
and light chains and test directly which expresses the
idiotype. 1In the first anti-Ars response the CRI was found
to be on the heavy chain (29). 1In keeping with this, it
was found that CRI negative antibodies could use the same
light chain as CRI positive molecules and still not express
the CRI (30). Metzger and Roux, looking at rabbit anti-al
allotype idiotypes also found that the dominant idiotypic
determinant was on the heavy chain (31). The role of the‘
light chain is not unimportant, however. For example,
Roland and Cazanave, also looking at rabbit anti-allotype
idiotype, found both the heavy and light chain to be re-
quired for expression of the idiotype (32).

The NPb idiotype system provides a unique system



to study the role of light chain in the expression of idio-
typic determinants. This idiotype is only found on anti-
bodies with lambda light chains (2) so when SJL mice, which
cannot make lambda chains, were tested they did not express
the NPb idiotype (33). However, the NPb idiotype is still
probably a heavy chain determinant since the heteroclitic
nature of the NPb idiotype is dependent on the proper heavy
chain for expression (35). SJL mice also use a different
heavy chain. This may be the result of a requirement for

a particular heavy and light chain combination in order to
form a functional binding site (34). 8o, even though most
idiotypes are physically located on the heavy chain, cer-
tain light chains may be required to give the proper con-
formation to the molecule. This phenomenon has also been
seen in the anti-NP and anti-TNP responses (36, 37).

While it is clear that Ir genes can regulate the
response to certain antigens, their role in idiotype ex-
pression is not clear. Ju et al. found that in the Ir
gene regulated anti-GAT response similar idiotypes were
expressed in responder and non-responder (actually low
responder) strains (38). However, Beckoff et al. found in
the anti-DNP response in guinea pig, which is under
Ir gene control, that responder strain T cells were
required for expression of the idiotype (39). This dis-
crepancy could be explained by the observation of Asano et

al. that Ir genes affect different B cell subpopulations
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differently (40). In any event, if Ir genes do play a
role in idiotype expression it may be through the action
of regulatory T cells which will be discussed next.

T cells are the most likely cellular regulators
of idiotype expression. These cells have been divided
into helper and suppressor populations. Helper cells can
be further divided, as Janeway et al. done, into those
cells which interact with B cells through an antigen bridge
(Thl) and those which recognize isotype, allotype or
idiotype on B cells (Thz)(46). The 'rh2 cell has been
the most extensively studied in terms of idiotype regula-
tion. Bottomly has proposed that the Th2 cell requires
prior exposure to the immunoglobulin determinant in order
to function. This was demonstrated in two systems. The
first is the CBA/n mouse, which lacks the ability to devel-
op a normal anti-PC response, though it can make IgE anti-
PC antibody (41). Bottomly and Mosier showed that this
mouse also lacked Th2 cells specific for the T15 idio-
type (42). 1In addition, mice which have been treated from
birth with anti mu chain antibodies do not have Ig positive
cells and do not have Thz cells (43). MHC reactive T
cells were able to help in an anti-PC response but the
response was not T15 idiotype positive (44). Th2 cells
have been demonstrated in the anti-DNP, anti-Ars and
anti-staphylococcal nuclease responses (45-47).

However, Bottomly and Mosier's contention that



CBA/n mice lack T15 specific Th2 cells has been seriously
questioned by a number of investigators. Quintans et al.
have shown in vivo (48) and Quintans et al., Kenny et al.
and Teal have shown in vitro (49-51) that adequate T cell
help exists in CBA/n mice to give T15 positive responses,
These data do not invalidate the existence of Th2 cells
but do question the necessity for prior exposure of these
cells to immunoglobulin. The data also strengthen the
argument that the lack of an IgM anti-PC response in CBA/n
mice is due to a B cell defect (discussed below).

There are two types of suppressor T cells which
are involved in the regulation of idiotype: those which
bind antigen and share idiotypic determinants with B cells,
and those which recognize the idiotype directly. 1Idiotype
positive suppressor cells have been demonstrated in a num-
ber of systems (16, 52-55). The administration of anti-
idiotype can either enhance or suppress the function of
these cells, depending on the conditions of the experiment
(56-59).

T supressor cells recognizing idiotype directly
have also been well documented (60-63). Some investigators
have found these cells to be functionally restricted by
MHC and/or allotypic determinants (64, 65), while others
have not (61).

It should also be mentioned that T cells involved

in strictly cellular responses such as DTH can also be

11
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regqulated by idiotypic determinants present on their sur-
face. Thomas et al. and Sy et al. have been able to induce
DTH reactions (66, 67), and in addition Sy has induced DTH
suppressor cells with anti-idiotype (68).

A second cellular mechanism which may affect the
expression of idiotype is the existence of functionally
distinct B cell subpopulations. Antigens differ in their
requirement for T cell help (69-71). Functionally differ-
ent B cells respond when antigens differing in their T
cell dependency are used (72-74). These cells can be phys-
ically separated (75) and differ in their susceptibility
to tolerance induction (76, 77) and drug sensitivity (78,
79). They also appear at different times during ontogeny
(80, 81) and even differ in the memory respone (82).

The CBA/n mouse provides an interesting model to
study the role these B cell subpopulations play in idiotype
expression. These mice have an x-linked immune defect
which prevents them from responding to certain thymus in-
dependent antigens (TI-2) (83, 84), but not to others (TI-1)
(85, 86). On the basis of their surface immunoglobulin
CBA/n B cells appear to be immature (90-91). 1In addition,
these mice do not respond to a primary exposure to PC anti-
gens (87-89) but can be made to respond at low levels with
predominantly T15 negative antibody on repeated stimulation
and/or the use of LPS as a carrier (92-94). Defects in

isotype distribution have also been found (90-91) with the
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lack of IgG3 expression possibly being the result of a
missing T cell population (51).

In addition to the different B cells which respond
to TI and TD antigens, virgin and memory B cells also dif-
fer in expression of idiotype. 1In the responses to Ars,

NP and PC, the idiotype dominance seen in the primary re-
sponse is lost (95-97), although in the memory response
dominance by the primary idiotype may persist among certain
isotypes (97).

As is evident by the above discussion, the expres-
sion of idiotype is a highly complex process which can be
affected at many different levels. To help further our
understanding of this process, I have examined the expres-
sion of idiotypes found in the anti-TNP response at each
of these levels. To accomplish this, I have used hybridoma
technology similar to studies in other systems (18, 96,

98, 101). To correlate binding specificity with idiotype
expression, the binding characteristics of the hybrids

were determined in detail. Genetic influences were tested
by examining several mouse strains which differ at both

IgH and MHC loci. Cellular influences were studied by
comparing idiotype in TI and TD responses, both in CBA/n
mice and in mice which had undergone graft-vs-host reaction
which has been shown to affect B cell subpopulations dif-
ferentially (99, 100).

The availability of these hybridomas allowed me
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to ask whether hapten inhibition of hemolytic plaques or
binding in an ELISA were valid measures of antibody affin-
ity. These methods were developed to overcome certain
problems with the classical method of determining antibody
affinity, that of equilibrium dialysis (102, 103). Equi-
librium dialysis requires a relatively large amount of
antibody for the analysis, making it difficult to analyze
antibody produced in in vitro assays. The above mentioned
methods do not have this disadvantage; however, their va-
lidity has been questioned. North and Askonas compared
the affinity of antibody produced by cells cloned in sple-
nic fragments in two different systems: by a modified
Farr technique and by hapten inhibition of hemolytic
plagques (104). They found that the two methods were not
in complete agreement. On the other hand, theoretical
analysis of the hapten inhibition systems has shown that
under the proper conditions these methods should give re-
liable results (105, 106). And inhibition of plaques,
ELISA or radioimmune assays have been used by a number of
investigators (107-109).

The availability of cloned cell lines producing
defined antibodies made it possible to compare directly,
affinity measurements made by the plaque inhibition, ELISA
and equilibrium dialysis assays. When this comparison was
made it was found that the inhibition methods did not agree

with equilibrium dialysis but did reflect, reliably, large
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differences in affinity.

In addition to the research on idiotype expres-
sion, I have studied the population of B cells which is
able to form colonies in soft agar. This population of
cells overlaps with the mature B cells which are not pres-—
ent in the CBA/n mouse (110). The defect in the CBA/n
mouse has been linked to a single gene on the X chromosome
(Xid) so the lack of colony forming cells can be used as a
phenotypic marker for this gene. Precisely which cell type
gives rise to colony forming cells is not clear. The fre-
quency of colony forming cells varies with the type of
mitogen used, and when mixtures of mitogens are used the
frequencies of colony forming cells appear additive (111).
This suggests that these cells are heterogeneous with re-
spect to mitogen stimulation. In addition, the surface
phenotype of colony forming cells varies, depending on
their developmental state. Colony forming cells from fetal
and newborn tissues are both IgD and Ia negative, while
colony forming cells from adult tissues are positive for
both of these markers (112-113).

I have used colony forming cells to monitor the
Xid gene in two situations. We have shown that the induc-
tion of graft-vs-host disease can restore response to TNP-
ficoll (TI-2 antigen) in CBA/n Fy male mice (114), 1In
this study I found that colony forming cells were not re-

stored by this procedure, indicating that the Xid defect
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is only partially reversible by this procedure. It was
shown previously that increased levels of colony forming
cells occur in mice with a spontaneous autoimmune disease
(NZB) and that the presence of the Xid gene retards the
development of autoimmunity (115-117). In a second col-
laborative study (118) we showed that the Xid gene was

also able to prevent the development of spontaneous auto-
immune disease in BXSB mice. These mice were derived from
a cross between SB/Le and C57BL mice and are characterized
by a lupus-like autoimmune disease which is more severe in
male mice. We found that even though these mice did not
develop autoimmune disease in the presence of the Xid gene,
colony forming cells were not increased, suggesting complex
effects of the Xid gene on immune cells involved in auto-

immune disease.
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ABSTRACT

Four anti-TNP hybridoma cell lines are character-
ized in terms of antigen binding. Three of the hybrids
are derived from secondary responses and are IgG1 K and
the fourth is from a primary response and is a IgM K. By
comparing measurements of antibody affinity made by equi-
librium dialysis, ELISA, and hemolytic plaque inhibition
experiements we were able to test directly if ELISA and
hemolytic plaque inhibition are valid measures of antibody
affinity. By equilibrium dialysis the K, ranged from

8 t0 2.0 x 1078 for the I1gG monoclonals and

8.5 x 10~
was 6.2 x 107 for the monoclonal IgM. The values for

K0 estimated from plaque inhibition or ELISA data were
appreciably lower, giving values for the binding constant
that were one to two orders of magnitude less than had
been determined by equilibrium dialysis. Depite these
guantitative differences the relative order of binding was
essentially similar by all three methods with the IgM

monoclonal having the lowest avidity for antigen.
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INTRODUCTION

Inhibition of hemolytic plagues by monovalent
antigen was developed as a method of determining the
avidity of antibody produced by a population of antibody-
producing cells (Andersson, 1970; Davie et al., 1972;
Jerne, et al., 1972). The validity of this method has
been in dispute for several years. North and Askonas
using antibody from cells cloned in splenic fragments
found poor correlation between avidity measurements made
by inhibiting hemolytic plaques and those made on the
secreted antibodies by a modified Farr technique (North et
al. 1974). DeLisi, on the other hand, in a careful theo-
retical analysis argued that under the proper experimental
conditions of inhibitor and antibody valence, differences
in the 50% inhibition points should reflect differences in
affinity (DeLisi, 1974, 1975, 1976), and this method has
been used in a number of investigations to determine
affinity differences (Adorini et al., 1981; Goidl et al.,
1975; Miller et al., 1972; Wu et al., 1972; Moller et al.,
1973). Avidity measurements have also been made by hapten
inhibition of ELISAs and radioimmune assays (Chang et al.,
1982; Kresina et al., 1982). In these assays, as in the
plaque assay, the antigen exists in a multideterminant
solid phase which could influence the results (Jerne et

al., 1972; DeLisi, 1976).



In this study we used four anti-trinitrophenyl
(TNP) hybridoma cells as plague-forming cells and their
purified monoclonal products to assess antigen binding
characteristics by various techniques. The comparison of
affinity measurements made on these antibodies by equilib-
rium dialysis to those made by inhibition of hemolytic
plaques or by inhibition of binding in an ELISA allowed a
direct test of the validity of the latter two assays.
This direct comparison showed that values of K, esti-
mated by hapten inhibition of hemolytic plaques or ELISA
were one to two orders of magnitude lower than those
obtained thermodynamically through equilibrium dialysis.
This was true of both IgM and IgG monoclonal antibodies.
For a given method of analysis, however, the IgM prepara-

tion was consistently found to be of lowest avidity.

MATERIALS AND METHODS

Animals. BALB/c mice were purchased from the
Fred Hutchison Cancer Research Center, Seattle, WA and
housed in our animal care quarters. Mice were immunized
with TNP-KLH as described previously for memory responses
(Tittle and Rittenberg, 1978) or for primary responses
(Golding et al., 1982).

Hybridomas. The NS-1 and SP2/0 myeloma fusion

33
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partners were obtained from Dr. Ed Clark (Department of
Genetics, University of Washington, Seattle) and the Salk
Cell Distribution Center, respectively. Hybridomas were
produced by a modification of the method of 0i and
Herzenberg (0i et al., 1980). Briefly, 108 spleen cells

and 108

fusion partners were washed in serum-free
RPMI-1640 medium and pelleted at 400 x G for 5 min. in a
50 ml conical centrifuge tube. One ml of a 50% PEG 1500
solution (BDH Chemicals, Ltd., Poole, England) was then
added followed by slow dilution with 8 ml of serum-free
medium. The cells were then pelleted as before and re-
suspended at 5 x 106/m1 in HAT medium including 108
thymocytes as fillers. 0.2 ml of this cell suspension was
then plated in wells of 96-well culture plates (Falcon
#3072, Oxnard, CA). Cultures were fed every 5 days with
0.1 ml of HT medium. Generally, approximately 50% of the
wells showed growth of clones by two weeks at which time
they were screened for antibody production. Positive
clones were selected in an ELISA using TNP-BSA as antigen
bound to the plates (Golding et al., 1982). The clones
were expanded and cloned by repeated limiting dilution in

thymocyte fillers (0i et al., 1980).

Antibody Assays. Anti-TNP plagque-forming cells

were determined by the slide method of Cunningham and

Szenberg (Cunningham et al., 1968) using TNP coated sheep



35

red cells (Rittenberg and Pratt, 1969). For hapten inhi-
bition studies free hapten was added directly to the
plaquing mixture. An ELISA was also used as previously
described (Golding et al., 1982) for quantification of
idiotype content and fine specificity analysis. For these
inhibition studies free hapten or anti-idiotype was added
with the antibody to the wells and incubated as usual to
allow competition with the hapten-BSA bound to the plate.

Equilibrium Dialysis. Equilibrium dialysis was

done using 3H—DNP-1ysine (New England Nuclear, Boston,
MA). This material was purified before use by thin layer
chromatography on silica gel G (Eastman Kodak, Rochester,
NY) with 25 parts butanol, 4 parts acetic acid and 10

parts water as the solvent system. Enough 3

H-DNP-lysine
was used to provide approximately 100,000 counts per

minute with the balance of the hapten being unlabeled
DNP-lysine (Sigma Chemical Co., St. Louis, MO). An appara-
tus conisting of 12 pairs of chambers was used. The
members of a pair were separated by a boiled dialysis
membrane. Opposing chambers were filled with 0.7 ml of
antibody or hapten and allowed to equilibrate at 4°C for

7 molar and

the hapten concentrations ranged from 4 x 10-7M to

5

48 hrs. The antibody concentration was 10~
7 x 10°2M for the IgG antibodies and from 10 °M to
1084 for the IgM antibody. Samples were counted in a
Bechman liquid scintillation counter. The amount of

antibody bound was determined by the difference in hapten
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concentration in the two chambers. Control experiments
showed that nonspecific binding to the dialysis membrane
by irrelevant mouse IgG was less than 3%. Data were
plotted as 1/b vs. 1/c where b equals the concentration of
bound hapten at free hapten concentration c (Liu et al.,
1980).

Purification of Monoclonal Anti-TNP Antibodies by

Affinity Chromatography. The hybridoma proteins were

purified from ascitic fluid by affinity chromatography
using protein A or DNP-lysine bound to CNBr activated
Sepharose 4B (Pharmacia, Uppsala, Sweden). Ascitic fluid
containing IgGl hybridoma antibodies (TK-1, TK-3, TK-4)
was passed over the protein A column and eluted with pH
5.4 M citrate buffer (Ey et al., 1978). This material was
then passed over the DNP column and the specific antibody
eluted with DNP-Gly (0.1 M, pH 8.4) followed by extensive
dialysis against pH 7.2 phosphate buffer (Goetzl et al.,
1970). TK-5, MOPC-315 and MOPC-460 proteins were purified
using only the DNP column.

Gels. SDS~-PAGE analysis of the whole Ig molecule
was done in 6%-18% continuous gradient gels (Laemmli,
1970). Five to 10 mg of protein was run and stained with
coomassie blue.

Isoelectric focusing analysis of whole Ig mole-
cules was done on LKB ampholine PAG plates, Ph 3.5-9.5

(LKB Instruments, Inc., Rockville, MD). Approximately 10



mg of protein was applied at the anodic end. Focusing was
carried out for 2 hours at 15 W. Gels were stained with
coomassie blue. Isoelectric focusing of isolated light
chains was performed using a modification of the method of
Perlmutter (Perlmutter et al., 1977). The SDS-PAGE gels
were run on a flat bed apparatus (Pharmacia, Uppsala,
Sweden). The appropriate gel slice containing the isolated
L chains was re-equilibrated in 8M urea, 1% NP-40 prior to
loading on an IEF slab gel containing 6M urea, 2% ampho-~
lytes (pH 5-9, Bio-Rad, Richmond, CA) and 0.5% NP-40.
Following fixation of the gel, the ampholytes were exten-
sively eluted with a solution of copper sulfate in ethanol-
acetic acid. Copper ions were removed by soaking in EDTA
solution and the protein bands silver stained as described
by Morrissey (1981).

Haptens., DNP-lysine (DNP-Lys) was purchased from
Sigma Chemical Co., St. Louis, MO). TNP-epsilon amino-
caproic acid (TNP-EACA) was prepared by the method of

Benacerraf and Levine (1962).

RESULTS

Hybridomas TK-1, TK-3 and TK-4 were derived by a
protocol designed to obtain hybrids which were representa-
tive of the in vitro 1gG secondary response to TNP-keyhole

limpet hymocyanin (TNP-KLH). In these experiments spleen
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cells from day nine of a secondary in vitro culture with
antigen (Tittle and Rittenberg, 1978) were used as fusion
partners for NS-1 cells. Hybridoma TK-5 was derived from
a fusion where spleen cells from a primary in vivo response
to TNP-KLH were fused to NS-1 to provide a representative
clone from a primary response. Immunodiffusion analysis
with commercial antisera specific for mouse heavy and
light chains showed all three of the hybrids from the
memory pool -- TK-1, TK-3 and TK-4 to have IgGl heavy
chains and K light chains while TK-5 from the primary pool
was an IgM protein also bearing the K light chain (not
shown).

The SDS-PAGE analysis in Figure 1 shows the three
hybrids from the secondary response (TK-1, TK-3, TK-4)
typical of 1gG antibodies, to have heavy chain molecular
weights of approximately 50 K. The double light chain
bands seen with TK-4 are most likely due to the incorpora-
tion of an NS-1 light chain into a secreted molecule.
Similar findings have been reported recently by Giles et
al. (1982). The molecular weight of the TK~5 heavy chain
is typical of an IgM antibody. We attribute the extra
heavy chain band to differences in glycosylation although
this has not been established. The nonreducing isolectric
focusing gels (Fig. 2) show the restricted heterogeneity
expected of hybridoma proteins. TRK-5 was not focused

because IgM molecules are too large to enter the gel.
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The light chains of these antibodies were com-
pared by two dimensional gel electrophoresis. 1In addition
to the light chains from the four hybridomas the light
chain of MOPC 21 (the parental line of the fusion partner
NS-1 (Cowan et al. 1974)) was run since some hybridoma
molecules may incorporate the NS-1 light chain (Giles et
al., 1982). Based on spectrotype Fig. 3 shows a light
chain pattern for the TK-3 and TK-4 hybridomas partially
comparable to the MOPC 21 light chain pattern. However,
both TK-3 and TK-4 also have bands that differ distinctly
from the MOPC~-21 pattern. 1In contrast TK-1l and TK-5 have
spectrotypes which suggest they lack the MOPC-21 light
chain.

Representative plots from three to five equilib-
rium dialysis experiments for each antibody are shown in
Figure 4. The double reciprocal plots of bound vs. free
hapten show a near perfect fit to a straight line (corre-
lation coefficient = 0.99) indicating a high degree of
binding site homogeneity as expected of monoclonal anti-
bodies. The association constants (Ko) calculated from
the equilibrium dialysis data are summarized in Table I.
As expected the three IgG antibodies (TK-1, TK-3, TK-4)
were of higher affinity than the IgM antibody (TK-5) which
was obtained from a hybridoma made from the primary B cell

pool.
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The intrinsic association constant determined
from equilibrium measurements provides the standard for
which other measurements of antibody binding are esti-
mates. The availability of both cloned hybridoma cells
and their products made it possible to compare hapten
inhibition of hemolytic plaques and hapten inhibition of
binding in an ELISA with equilibrium dialysis. The re-
sults of the three methods are compared in Table I. The
data can be analyzed in two ways: direct comparison of
the different methods with a single antibody or comparison
of the affinities of the antibodies relative to each other
in the three different systems. In the former analysis
one would not expect the values to be the same since there
are a number of differences between the systems, among
them the temperature which varies from 4°C to 37°C in the
three systems and the multideterminant nature of the
antigen used in the plaque and ELISA methods. Thus, not
surprisingly, the absolute values for Ko in the latter
methods differed measurably from the equilibrium dialysis
values with a minimum of 10-fold more hapten required to
cause 50% inhibition of the solid phase reactions compared
to that required to saturate 50% of the antibody sites at
equilibrium.

An additional difference between solid phase
assays and equilibrium experiments is that solid phase

assays are based on two forms of hapten (one in solid
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phase, one in solution) competing for the same combining
site while in equilibrium studies the proportion of com-
bining sites filled by a single form of hapten (in solu-
tion) is measured. Consequently affinity measurements
made in solid phase assays are actually the relative
affinity of the antibody for the solid phase antigen versus
the fluid phase hapten. This could be misleading when com-
paring antibodies with different fine Specificity patterns
for the antigen/hapten pairs used. As presented in Table
II, TR-3 has a 100-fold greater affinity for TNP than for
DNP while the other antibodies bind the two haptens simi-
larly. While the affinity of TR-3 and TK-4 for DNP-lys are
identical by equilibrium dialysis (Table I), TR-3 has lower
affinity for DNP in the solid phase assays especially
Plague inhibition (Table II) where TNP is in the solid
phase and DNP in solution. We believe this to be due to a
combination of both differences in fine specificity and to
differences between the ELISA and plaque inhibition assay
Systems. In the ELISA, determination of bound antibody is
made after equilibrium has been reached and the excess
inhibiting antigen has been removed while in plague inhi-
bition, determination of bound antibody (red cell 1lysis)
occurs simultaneously with the establishment of equi-
librium with the inhibitor and may even result from a
transient association of antibody with the red cell

surface. Consequently it might be harder to prevent



antibody-mediated red cell lysis than to inhibit antibody
binding in an ELISA which would predict a lower affinity
for TK-3 when estimated with DNP in plaque inhibition as
shown in Table I; it should be noted, however, that Ko
values by plagque inhibition were not uniformly greater
than those obtained by ELISA for IgG hybridomas. Despite
these difficulties the solid phase methods were generally
able to determine the relative affinity between IgG and
IgM antibodies, thus TK-5 was consistently shown to have

the lowest affinity.

DISCUSSION

These hybridoma lines were developed to identify
dominant clones in the IgG anti~-TNP memory pool. The
monoclonal nature of these cell lines was confirmed by the
homogeneity of the IEF patterns and linearity of the
antigen binding data from the equilibrium dialysis experi-
ments. To determine if NS-1 light chains were present in
any of the hybridoma molecules the light chains were
separated by SDS-PAGE and then run on isoelectric focusing
gels. There are NS-l-like light chains present in TK-3
and TK-4 which is consistent with other reports on hybri-
domas made with NS-1 (Giles et al., 1982). 1In terms of
heterogeneity TK-1 and TK-3 have unigue spectrotypes while

TK-4 and TK-5 have similar spectrotypes. The availability
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of these monoclonal lines made it possible to compare
methods of assessing the affinity of anti-TNP combining
sites.

DeLisi has shown theoretically that under condi-
tions such as those used here (inhibition of antibody
binding to a multivalent antigen with a univalent inhibi-
tor) that the 50% inhibition point should reflect antibody
affinity; however, no experimental evidence was given
(DeLisi et al., 1976). The use of hybridoma antibodies
allowed utilization of a homogeneous antibody population
in order to determine its affinity by equilibrium dialysis
and then to test directly the correspondence of affinity
measurements made by inhibition of hemolytic plaques or
ELISA.

As could be expected from the differences in
methods, the Ko values obtained by hapten inhibition of
plaque formation and ELISA were not the same as the values
obtained by equilibrium dialysis. Both non-thermodynamic
methods underestimated the actual affinities of the four
anti-TNP hybridomas. These differences reflect the fact
that markedly different phenomena are measured in equilib-
rium dialysis as compared to hapten inhibition of plaque
formation or ELISA. While equilibrium dialysis involves
the direct binding of antibody to soluble monovalent
hapten, both plaque inhibition and ELISA inhibition measure

the ability of soluble monovalent hapten to inhibit the
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binding of antibody to a multideterminant solid phase
antigen. However, the ELISA hapten inhibition measurements
produced the same relative order of affinities as equilib-
rium dialysis (Ko of TK-3> TK-4> TK-1> TK-5). A somewhat
different order of affinity was indicated by plaque inhi-
bition among TK-1, TK-3 and TK-4 although all three methods
agreed that TK-5 possessed the lowest affinity. It is
apparent that while plaque inhibition or ELISA inhibition
can be used to determine the relative affinities of anti-
bodies which differ markedly in affinity (TK-4 and TK-5),
these methods are less reliable in differentiating among
antibodies of similar affinity (TK-1, TK-3 and TK-4).

These results are in agreement with those of North
and Askonas (North et al., 1972), who also found inconsis-
tencies with plaque inhibition as a measure of antibody
affinity. The conditions used in this study are not pre-
cisely the same as those recommended by DeLisi (1976) since
we used directly haptenated red cells. This would result
in a lower density of hapten and shold affect the binding
of pentameric IgM molecules to a greater extent than IgG
molecules. Despite this, we found that the IgM hybridoma
TK-5 was the antibody whose affinity relative to the other
antibodies was the most reliably predicted. Since hapten-
ated protein was used in the ELISA assay, this should have

met the requirements recommended by DeLisi. The ELISA
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assay did, in fact, come the closest to predicting accu-
rately the relative affinities of the four antibodies.
These results do not invalidate the use of either
of these two methods for comparing the affinity of a
single antibody for hapten analogs since the factors
causing the aberration would remain constant for a single
method. An example of this is seen in Table II where TK-3
is shown to have at least 100-fold greater avidity for TNP
than for DNP in both plaque inhibition and ELISA. Since
all conditions were constant in each test except for the
hapten used, the most reasonable explanation for the
observed differences is affinity for the hapten in ques-
tion. This marked preference for TNP over DNP was not
seen for the other hybridoma antibodies and could not be
revealed by equilibrium dialysis with DNP-LYS. Thus, it
is likely that the value of Ko calculated from
equilibrium dialysis does not reveal the true specificity
of TK-3; the relative values obtained by the solid phase
assays suggest that equilibrium measurements using TNP-LYS

would provide a KO of approximately 10_10.
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TK-1

TK-3

TR-4

TR-5

Ko

TABLE I

AFFINITY MEASUREMENTS BY THREE DIFFERENT METHODS

Equilibrium Plague ELISA
Dialysisg Inhibition

Ko x 10-7 Ko x 10~7 Ko x 1077

0.85+0.29 2549 28413

0.2+40.02 81+36 1746

0.25+0.05 2.940.2 8.1+2.5

6.2+42.9 540460 128+38

The molar concentration of DNP-Lys needed for
50% saturation of binding in equilibrium dialy-
sis determined by double reciprocal plots (Liu
et al. 1980) or 50% inhibition of binding in
plague inhibition or ELISA. The 50% inhibition
end points in the solid phase reactions were
determined by method of Reed and Meunch (1938).

50



51

TABLE II

SPECIFICITY OF HYBRIDOMAS POR TNP AND DNP HAPTENS

Bybridoma Inhibitor Plague Inhibition ELISA

TK-1 DNP-Lys 28+94 28+13
TNP-EACA 2.1+2 15.5+47

TK-3 DNP-Lys 91436 17+6
TNP-EACA 0.85+0.26 0.02+,006

TK-4 DNP-Lys 2.9+40.2 8.1+2.5
TNP-EACA 11.7+40.6 5.8+2.6

TK=-5 DNP-Lys 540+60 128+38
TNP-EACA 384+45 250477

a) Values are concentration of inhibitor needed

for 50% inhibition x 10-7.



52

FIGURE 1

Analysis of anti-TNP hybridomas by SDS-PAGE in
a 6%-18% continuous gradient. Protein stained with coomas-
sie blue. A) TK-5; B) TK-4; C) TK-3; D) TK-1l; E) MW stan-

dards. 7.5 mg of each protein were used.
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FIGURE 2

IEF geis. 10 mg of each hybridoma were applied
to the anodic end of a polyacrylamide gel with a pH gra-
dient of 3.5 to 9.5. After focusing the protein was
stained with coomassie blue. A) myoglobin standard; B &

C) TK-4; D) TK-3; E) TK-1.
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FIGURE 3

Two dimensional SDS-PAGE, IEF gel. Light chain
bands from SDS-PAGE to polyacrylamide gel with a pH gra-
dient of 5.0 to 9.0. After focusing the protein was silver

stained. A) TK-1; B) TK-3; C) MOPC-21; D) TK-4; E) TK-5.
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FIGURE 4

Equilibrium dialysis binding data. b = concen-
tration of bound hapten. ¢ = concentration of free hapten.
r = correlation coefficient by linear regression analysis.

See Materials and Methods for Details.
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The results of the first manuscript show that I
have produced four anti-TNP hybridoma cell lines. These
antibodies represent at least three different binding sites
for TNP based on their affinity for this hapten. In addi-
tion I have shown that hapten inhibition of binding in
ELISA or hemolytic plaque assays can be used to estimate
antibody affinity. 1In the work that follows I will further
characterize these aﬁtibodies in terms of fine specificity
for antigen and idiotype. The final section will examine

how these idiotypes are expressed in different antibody

responses.
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MATERIALS AND METHODS

SJL, and BGDZ mice were obtained from the Jackson

Laboratory, Bar Harbor, ME. BALB/c¢, CBA/n and all Fl
crosses were bred in our facilities.

Antigens -- TNP-KLH was produced by trinitro-
phenylation of keyhole limpet hemocyanin according to
Rittenberg and Amkraut (1) and had a molar ratio of
TNP,35~KLH based on a MW of 8x10® for KLH. TNP-aAECM-
ficoll was produced according to Inman (2) and had a molar
ratio of TNP75-ficoll based on a MW of 400,000 for
ficoll.

Immunization Protocols -~ Most primary responses

were induced in mice which had been carrier primed with
three weekly injections of 100ug KLH-bentonite based on
the method of Gallily and Garvey (3). 20ug of TNP-ficoll
or 100ug TNP-KLH bentonite was then given Ip. Mice in-
volved in GVH studies were not carrier primed and received
10ug TNP-ficoll Ip or 100 ug TNP-KLH mixed with an equal

volume of maalox and 109 Bordetella pertussis organisms

(E1i Lilly Co., Indianapolis, IN). Secondary responses
were generated in mice which were primed with 100 ug
TNP-KLH bentonite every other week for three Ip injections
(4). Mice were rested for at least two months before

secondary challenge. Pools of four to six mice were bled



at the indicated times and the serum separated.

Graft-vs-Host Reaction (GVH) -- GVH was induced

by iv injection of parental lymphocytes into F, recipi-
ents shortly before antigen administration. Donor lympho-
cytes were obtained from two to three month old mice.

Class and Sub-Class Specific Antibodies -- Anti-u

antibody was obtained from KPL Labs (Gaithersburg, MD) and
was passed over a TK-3 (IgGlK) column. Rabbit anti-Gi,
anti G2a and anti-G2b antibodies were purchased from
Bionetics Research Products (Kensington, MD). These
reagents were purified by elution from TR-1 (IgGl) RPC-5
(IgG2a) or MOPC 195 (IgG2b) immunoadsorbent columns.

These reagents were coupled to alkaline phosphatase (Sigma
Chem. Co., St. Louis, MO) by the method of Kerney et al.
(5).

ELISA Assays —-- The amount of each isotype was

determined by comparison to a standard hyperimmune anti-
phosphocholine antiserum containing known amounts of IgM,
IgGl, IgG2a, IgG2b and IgG3 antibodies. Dilutions of this
antibody were bound to PC-histone coated polystyrene
microtiter plates (Costar, Cambridge, MA) to form a stan-
dard curve in which the amount of isotype bound is related
to the OD405 generated with alkaline phosphatase conju-
gated class or sub-class specific antibodies. Appropriate
dilutions of experimental anti-TNP antiserum were bound to

TNP-BSA coated plates for 90 minutes followed by three
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washes with PBS-Tween 20 (0.05%) and three with plain
PBS. The optimal concentration of AP-conjugated class or
sub-class specific antibodies was added to both the TNP
and PC coated wells for 90 minutes followed by six washes
as above. The enzyme substrate P-nitrophenylphosphate (1
ug/ml; Sigma) in 0.9M diethanolamine ph 9.8 containing mM
MgCl was added to the plates and the reaction stopped by
addition of ethylene diamine tetraacetate to a final
concentration of 20 mM.

The amount of idiotype present in a sample was
determined by a modification of the ELISA just described.
A dilution series of the test serum was made in the
absence of the anti-idiotype antibody and used to measure
the inhibition of binding of the anti-TNP antibody to the
plate in the presence of anti-idiotype.

B-Colonies in Methylcellulose -- The ability of

spleen cells to form B-colonies was determined using a
modification of the method of Rurland et al. (6). 3x10°
spleen cells in complete medium plus 50 ug/ml lipopolysac-
charide (LPS) from E. coli 055:B5 (Difco Labs, Detroit,
MI) and 1.5% carboxymethyl cellulose (Sigma, medium vis-
cosity) were layered on top of macrophage feeder layers

3 adherent peritoneal exudate cells

7

consisting of 10
covered with 0.5% agar plus 1.4x10 ‘M Indomethacin.
Dishes were incubated at 37°C and the number of colonies

formed was determined on day six using a Bausch and Lomb
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dissecting microscope (only colonies containing more than
50 cells were scored).

Organ Weights -- Brachial lymph nodes and spleens

were immersed in normal saline and weighed shortly after

removal using a Mettler chemical balance.

Anti-Idiotype -- Rabbit anti-idiotype antibodies
wére prepared by immunizing rabbits subcutaneously with
100 ug of antibody protein in Complete Freund's Adjuvant
followed by two monthly injections (100 ug) in Incomplete
Freund's Adjuvant. The rabbits were bled one week after
the third injection and the serum collected. It was heat
inactivated and then absorbed on a normal mouse serum
(BALB/c) column. Antibody to TR-5 was absorbed with
MOPC-21 (IgGl), RPC-5 (IgG2a), M195 (IgG2b), Y5606 (IgG3),
MOPC-104E (IgM) and MPC-603 (IgA). Antibodies to TK-1 and
TK-4 were absorbed with other anti-TNP proteins, i,e.,
anti-TK-1 was absorbed with TK-3, TK-4 and TK-5. The
anti-idiotype was then bound to an idiotype column and
eluted with DNP-glycine to isolate binding site-associated
anti-idiotype. A murine hybridoma antibody AI-31 was made
by immunizing a BALB/c mouse with TK-3 protein coupled to
KLH with glutaraldehyde (7). These spleen cells were then
fused with SP2/0 cells as described above and screened for
antibodies that inhibited binding of TK-3 to TNP-bovine
serum albumin. 1In addition a rabbit anti-MOPC 315/460

idiotype was kindly provided by Dr. Robert Rosenstein. (8)
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Haptens -- TNP-lysine (TNP-lys), TNP-phenylalanine
(TNP-Phe), and DNP-epsilon aminocaproic acid (DNP-EACA)
were purchased from ICN Nutritional Biochemicals, Cleve-
land, OH. DNP-lysine (DNP-Lys) and DNP-glycine (DNP-Gly)
was purchased from Sigma Chemical Co., St. Louis, MO.
2-4-dinitronaline (2,4 DNA) and 4-nitrophenylbutyric acid
(4NPBA) were purchased from Aldrich Chemical Co., Mil-
waukee, WI. TNP-epsilon aminocaproic acid‘(TNP-EACA) was

prepared by the method of Benacerraf and Levine (9).

DETERMINATION OF ANTIBODY VALENCE

In addition to the thermodynamic information on
binding which can be derived from equilibrium dialysis
data, the number of binding sites per molecule (valence)
can be determined. The usual method is that of Scatchard
plots (10) which are shown in Figure 1. Table I shows the
combined results of from three to five replicate experi-
ments for each antibody. The valence of IgG and IgM
molecules is known to be 2 and 10, respectively. The
values obtained are two to threefold lower than expected.

Difficulty in determining the correct valence of
antibody molecules, particularly of IgM, has been reported
previously. The valence of pentameric IgM was first
reported to be from 4 to 6 based on equilibrium dialysis

experiments (11, 12). The reason for the low valence was
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due to some of the combining sites of the molecule having
very low affinity for antigen and therefore going unde-
tected (13). The valence of the IgA myeloma protein M-315
was originally found to be 1, not the expected 2 (14).

The difficulty in this case was that at the low antibody
concentrations used in the equilibrium dialysis experiments
there was some denaturation of the antibody leading to

loss of binding sites (15). With the addition of carrier
protein such as gelatin into the system the expected
valence of 2 for IgA was obtained. Recently Liu, et al.
reported on an IgE monoclonal anti-DNP antibody made with
the nonsecreting fusion partner SP2/0 (16). While they
reported the affinity of the antibody for DNP from equilib-
rium dialysis data, the valence was not derived. When

this value is calculated from their data it is found to be
1, not the expected 2. Since they did not report the
valence, they give no explanation of the low values.

In the data presented in Fig. 1 and Table I, the
low values of hybridomas TK-3 and TK-4 can be explained,
at least in part, to the presence of NS-1 light chains
resulting in the formation of binding sites which do not
bind TNP. The presence of these chains was confirmed
biochemically as shown in the first manuscript. This
could not be the explanation for the IgE observation
mentioned above, since the SP2/0 fusion partners used in

those experiments cannot contribute light chains. There



are no NS-1 light chains in the TK-1 or TK-5 hybridomas and
their valence is still half that expected. Three possible
explanations are: 1) that some of the binding sites were
blocked by hapten during purification of the protein; 2)
that the determination of the protein concentration was in
error; or 3) that binding sites were lost due to the low
protein concentration as mentioned above. The observation
that TK-1 protein isolated only by absorption onto protein
A sepharose also had a valence of 1 argues against hapten
blockade of binding sites. I have determined the protein
concentration by four separate methods, °D280' Lowry,
Bio-rad and Nessler nitrogen determination, and found close
agreement by all four methods. The addition of gelatin in
equilibrium dialysis experiments with the hybridoma protein
TRK-1 did not modify the valence obtained from the already
reported value of 1. The low valence of TK-5 may be due

to the phenomenon of low affinity binding sites as dis-
cussed above. The low valence of the IgG monoclonals is
more difficult to explain. Even with the interference of
NS-1 light chains, there would have to be at least one
active binding site in order for the antibody to be re-
covered in the purification protocol. Since even purifi-
cation by protein A binding and subsequent elution result
in low valence it seems likely that the low pH used for

elution or low protein concentrations result in the loss
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of functional binding sites.

I believe the equilibrium dialysis methodology I
used to be valid in general for the following reasons.
The binding data plot in a straight line as expected, the
value for the binding constant determined by Dr. Feldbush
of 1.1 x 107 agrees well with my value of 1.2 x 107
for TK-1, and lastly, the presence of NS-1 light chains in

TK-3 and TK-4 is reflected in the valences I obtained for

those antibodies.

CHARACTERIZATION OF HYBRIDOMA
ANTIBODIES IN TERMS OF IDIOTYPE AND
FINE SPECIFICITY

The fine specificity of the four hybridomas and
the myeloma protein M460 was investigated by comparing the
binding of eight TNP analogs utilizing the ELISA. Binding
to the analogs was compared using TNP-EACA as the refer-
ence hapten (Table II) A value greater than 1 indicates
greater affinity for that hapten than for TNP-EACA and a
value less than 1 indicates an affinity for that hapten
lower than that for TNP-EACA. As can be seen in Table II,
there are several features that distinguish the binding
sites of the five antibodies from one another. For ex-
ample, TK-1, TK-4, TK-5 and M460 do not distinguish appre-
ciably between the DNP and TNP determinants as indicated
by the inhibition ratios in Table II. Although the TK-5

and M460 sites appear distinct because they bind these



haptens, compared to TK-3, only ten percent or one percent
as well, respec- tively. A distinct combining site which
has a marked preference for TNP analogs over DNP analogs
is represented by TR-3, the data make it clear that the
preference is for TNP itself and not for the amino acid
carrier as seen by comparing the binding to TNP-lys and
DNP-lys. Secondly, it can be seen that while TK-l and
TK-4 have similar fine specificity patterns with most
hapten analogs tested, they are not identical since they
differ appreciably in binding to TNP-Phe and 4-NPBA.
Binding to the latter which has a a single nitro group on
the phenyl ring was markedly low for all of the antibodies
tested. The M460 antibody was unique in that it had
somewhat greater affinity for the hapten analogs TNP-Lys
and DNP-Gly than for TNP-EACA.

Rabbit antisera specific for idiotypic dermini-
nants of TK-1, TK-4 and TK-5 and a murine hybridoma anti-
body specific for an idiotypic determinant on TK-3 were
prepared as described. In addition, we used a rabbit
antiserum (anti-315/460) specific for an idiotype expressed
by both M-315 and M460 (8). The specificity patterns of
the various anti-idiotypic antibodies are shown in Figure
2. As seen in Figure 2A, the rabbit anti-TK-1 idiotype
blocked binding by TK-1 and M460 in a similar fashion.
Thus, it appears that anti-TK-1 idiotype recognizes a

determinant common to both TK-1 and M460 and, accordingly,

65



66

must recognize a public idiotype. However, since this
antiserum did not block M-315, this putative public idio-
type must be distinct from the 315/460 public idiotype
described by Rosenstein, et al. The mouse monoclonal
AI-31 (anti-TK-3) and the rabbit anti-TK-4 and TK-5 anti-
bodies (Figures B, C, E, respectively) behave monospecif-
ically, each recognizing a determinant unique to their
given anti-TNP antibody; consequently, these must be
considered private determinants. The anti-M-315/M460
public idiotype of Rosenstein, et al., does not recognize
any of the four anti-TNP hybridomas including TR-1 (Figure
4D) confirming the conclusion derived fron analysis with
anti-TK-1 idiotype. These data demonstrate that each of
the anti-TNP antibodies reacts uniquely with the panel of
idiotype specific antisera. Table III summarizes the

characteristics of these anti-idiotypic antisera.

IDIOTYPE EXPRESSION

There are three questions I wanted to ask ini-
tially concerning the expression of the idiotypes I had
defined. One, is there genetic control of expression;
two, does the nature of the carrier affect expression; and
three, are the idiotypes expressed equally in primary and
secondary responses. To answer these questions, six

strains of mice differing at both the MHC and Igh loci
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were challenged with TNP coupled with either keyhole limpet
hemocyanin (KLH) or ficoll and their serum collected. For
secondary responses the animals were first primed with
TNP-KLH and then rested for three months before secondary
challenge. For the primary response, the mice were bled
on days five, seven and nine, and the secondary on days
three, five and seven. In both cases the antibody titer
in ELISA peaked for the last two bleedings. The last
bleeding was used in all experiments. One-way analysis of
variance was used to analyze the data on genetic influ-
ences on idiotype expression. The null hypothesis for
this analysis is that the levels of idiotype expressed for
all six strains of mice are equal. This hypothesis can
safely be rejected (indicating genetic influence on idio-
type expression) when P is less than 0.05. Ninety-five
percent confidence intervals calculated from the standard
error are given for comparison of the combined idiotype
levels.

Table IV gives the genetic makeup of the mouse
strains used. Tables V and VI give the percent of the
primary IgM response which is inhibitable by a given
anti-idiotypic antiserum. Tables VII and VIII give the
percent of the secondary IgG response inhibitable with
these anti-idiotype antisera.

We will start by examining the primary response



to TNP-KLH and to TNP-ficoll in Tables V and VI respec-
tively. TR-3 idiotype is not present to a significant
degree in any of the strains in either the TD or TI re-
sponses with the exception of the SJL mouse in the primary
TNP-KLH response. The same is true of the secondary
response. The TK-3 anti-idiotype is the only monoclonal
anti-idiotype used and so recognizes a single idiotope.
In contrast, the other idiotypes are from heteroantisera
and may recognize multiple idiotopes. This could account
for the low to nonexistent suppression of binding seen
with this anti-idiotype.

That the strains differ in their level of expres-
sion of the idiotype panel is clearly shown in both the TI
and TD responses. In the TNP-KLH response TK-1l, TK-4 and
the combined idiotype all differed significantly, while in
the TI response TK-1 and combined idiotype differed sig-
nificantly. Since these mice have different genetic
backgrounds including the H-2 and Igh loci (Table IV), it
is likely that these genetic differences are responsible
for the differing degree of expression of the idiotype
panel in these mice. The expression of the idiotype panel
also seems to be affected by the carrier used in at least
one strain. This is most clearly shown in the A/J mouse
where there was a sixfold drop in the combined idiotype
level. Because of variability the threefold drop seen in

BALB/c was not significant. AKR, C57B1/6 and DBA/1 all
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maintained their level of expression. SJL mice seem to
make relatively higher levels of idiotype regardless of
the carrier used.

In comparing the primary response to the secondary
response (Tables V and VI to VII and VIII) there is a
marked increase in the expression of the idiotypes. 1In the
TNP-KLH response the C57Bl1/6 and DBA/1 strains which lack
idiotype expression entirely in the primary now express
idiotype at about the fifteen percent level. AKR and
BALB/c show lower increases, while A/J remain the same and
SJL shows a significant drop. The difference in the TI
response is even more striking. With the exception of
BALB/c and SJL, which stay about the same, all the strains
show significant increases in idiotype expression.

The expression of idiotype in the TNP-KLH second-
ary response is more uniform. There is no significant
difference in the level of combined idiotype or of any of
the individual idiotypes except for TK-1 where AKR, BALB/c
and DBA/1 have approximately twice the amount of idiotype.
The most surprising result in the secondary response is
the high level of idiotype expression in the TNP-ficoll
response. All of the hybridomas expressing these idiotypes
were derived from thymus-dependent responses. I would
have predicted that if there were differences between
thymus-independent and thymus-dependent responses that

there would be more idiotype in the thymus-dependent than



the thymus-independent response, but this clearly was not
the case. However, the hybridomas were derived from
BALB/c mice and these mice were the only strain to show
reduced levels of idiotype in the TNP~ficoll response,
This may be the best evidence for genetic control of
idiotype expression, since the difference between the
strains is not just in the level of idiotype expressed but
in how the levels are modified in response to different
immunization protocols.

The final two questions I will address are: What
is the relationship, if any, between isotype and idiotype,
and what effect to T cell signals in the form of GVH have
on idiotype expression? The experiments to answer the
first question overlap with those addressed to the second.
In the primary response of BALB/c mice to TNP-KLH and
TNP-ficoll individual isotype responses were analyzed for
idiotype content. Secondary responses of a number of
mouse strains were analyzed for their expression of indi-
vidual IgG subclasses in the distribution of idiotype
among these subclasses. For the second question, normal
or defective Xid mice which had or had not undergone GVH
were tested for idiotype expression and individual iso-
types.

Table IX shows the result of the BALB/c studies.
It appears that TK-4 idiotype in the TNP-KLH response is

associated with the IgG3 isotype. However, this is not a
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consistent finding since the TNP-ficoll responsé where the
IgG3 subclass is in much higher proportion to the TK-4
idiotype is essentially missing. The other idiotypes are
present at low levels and in no particular association
with any isotype. The level of M315/460 idiotype was
lower than expected from the results of Rosenstein (17).
However, they assayed for their public idiotype at forty
days after priming, whereas I am looking on day nine. The
level of idiotype expression could easily vary with time
after immunization.

Table X shows the subclass distribution for the
secondary IgG response of five different strains. The
most striking observations are: 1) the almost complete
dominance of the response by the IgGl and IgG2b sub-
classes, and 2) the similarity in subclass distribution
between the TNP-KLH and TNP-ficoll responses. These
results are compatible with a previous report which showed
that the subclass distribution of a secondary response, in
mice primed with a thymus-dependent antigen, has the
characteristics of a TD response even when a TI antigen is
used (18). The one possible exception to this observation
is the response of the C57b1l/6 mouse where the TNP-ficoll
response does induce increased expression of IgG3 and
reduced expression of IgGl typical of a TI-2 antigen

response.



To assess the association, if any, between sub-
class and idiotype responses in which one or more idiotypes
comprised at least ten percent of the response were tested
for the distribution of those idiotypes in the different
subclasses. These data are shown in Table XI. Differences
in idiotype expression do not appear to correlate with
differences in isotype expression. For example, in the
response of the AKR mouse, there was a dramatic increased
expression of the idiotype panel when the TI-2 antigen was
used in comparison to the TD form, yet the distribution of
the subclasses for these two responses was identical. 1In
the case of the TK-1 idiotype and the AKR mouse response,
the shift to IgGl predominance in the TI-2 response is not
matched by a change in the overall subclass distribution
or by a shift in the expression of idiotype. 1In the DBA/1
mouse, however, the shift in TK-1 idiotype subclass dis-
tribution is mirrored by a similar shift in the overall
subclass distribution. Taken together, these observations
on primary and secondary responses do not show any consis-
tent relationship between a given idiotype and a given
isotype.

Table XII shows the TNP-KLH response of BG 02
mice with and without GVH. The only apparent association
of isotype and idiotype is that the vast majority of
idiotype is associated with the dominant isotypes IgGl and

IgG2b. GVH had the effect of reducing the response and
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reducing the proportion of the response which was idiotype
positive. The working hypothesis, as stated earlier, is
that GVH stimulates a shift of B2 cells to B, cells.
From this one would predict that the TNP-ficoll response
should have had an increased proportion of idiotype in the
presence of GVH. As seen in Table XIII, this prediction
is incorrect. While the IgM response is increased with
GVH as expected, the high proportion of TK-5 idiotype
drops to zero. What little idiotype is present in the IgG
response is also reduced in the presence of GVH.
Tables IX and X show the effect of GVH in Fy
mice expressing the defective Xid gene. The results of
the TNP-KLH response mimic exactly those in Be D, mice
(compare Tables XII and XIV). The TNP-ficoll results are
shown in Table XVIII. 1In this situation the response to
TNP-ficoll in the absence of GVH is zero due to the Xid
gene. As shown earlier, however, GVH can partially restore
this response. The level of idiotype in this response
would be similar to the TNP-KLH response with GVH except
for the high level of TK-5 idiotype seen in the IgGl
subclass. The effect of GVH on the expression of these
idiotypes, then, is to consistently give lower levels of
expression than if GVH were not involved. There was no
evidence for a consistent association of any of the idio-
types with any isotype.

BGDZ mice are F, offspring of a cross between
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C57B1/6 and DBA/2 mice. DBA/2 mice differ from DBA/l1l mice
only in the H-2 region. The expression of idiotype by the
F1 cross appears to be higher than in either of the
parental strains tested (Tables V through IX compared to
Table XIII). This is also true of the CBA/n by BALB/c

F1 mice, although I have no information on idiotype
expression in the CBA background. That F1 mice can
express idiotype at a higher level than either of the
parental strains is an indication of the complex genetics

involved in regulation of idiotype expression.

STUDIES ON COLONY FORMING B CELLS

As discussed in the introduction, colony-forming
B cells can be used as a phenotypic marker for the Xid
gene of the CBA/n mouse. The best defined defect of this
gene is the apparent lack of a relatively mature population
of B cells (19). One of the important questions in the
study of autoimmune disease is which cell populations(s)
is/are involved in the disease process. Since the presence
of the Xid gene appears to result in the loss of a partic-
ular subset of B cells the question can be asked are these
cells involved in autoimmune disease. The Xid gene has
been shown to modify the expression of the spontaneous
autoimmune disease of NZB mice (20, 21). These mice also

have elevated numbers of colony forming B cells (22).
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BXSB mice also have a spontaneous autoimmune disease which
is unique since males are affected to a much greater
extent than are females. This male preponderance is not
due to hormonal influences, but has been linked to the Y
chromosome (23, 24). The question I wished to address was
whether BXSB mice were similar to the NZB in having in-
creased numbers of colony forming B cells and is their
disease reduced by the presence of the Xid gene? The
results of this study were published in a collaborative
report with Drs. B. Golding, H. Golding and J. Morton
(25).

To determine the effect of the Xid gene in BXSB
Fl crosses between BXSB and normal or Xid defective
CBA/n mice were made. The presence of autoimmune disease
was shown by increases in spleen and lymph node weight.
Table XVI shows development of an autoimmune disease in
both the parental BXSB strain and the F1 offspring in
which spleen and lymph node enlargement developed progres-
sively between five and eight months. The Fl females do
not show signs of disease, which is consistent with the
course of the disease seen in BXSB females who develop
autoimmunity that is less severe and occurs later in life
than in the male. While the presence of the CBA/ca mouse
genes delays development of disease in the male, the
disease does clearly develop. Table XVI shows the data

for the crosses involving the Xid gene. Three points are
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apparent: first, the presence of the Xid gene prevents the
development of autoimmune disease even in 10-month-old
mice. Second, in the reverse cross BXSB X CBA/n the
presence of BXSB autosomal and normal X chromosome genes
results in the appearance of some disease but at reduced
levels compared to when the defective X chromosome is
present. And lastly, colony forming cells do not appear
to be enhanced in BXSB mice with the disease.

Thus, the answers to the two questions posed
above are, no, colony forming cells are not increased in
BXSB mice, but yes, the Xid gene is able to protect against
development of the disease. One might have predicted that
if the cells controlled by the Xid gene were necessary, as
shown, that in the presence of disease Xid-controlled
cells (colony forming cells) would be elevated as is the
case in the NzB. This was not seen and may reflect the
pleiotropic nature of the Xid defect. While the hallmark
of the Xid gene is the inability to respond to TI-2 anti-
gens, there are also abnormalities in the ability to
respond to thymus replacing factor and in the isotype
profile and level of response to some TD antigens (26-28).
Colony forming B cells are not necessarily the cells
involved in autoimmune disease development in NZB or BXSB
mice, but may be one of many functionally different subsets
controlled by the Xid gene.

As discussed in the introduction, B cells can be



divided into two populations, B, cells which respond to

2
TD antigens and B, cells which respond to TI-2 antigens
and may be missing from the CBA/n mouse. Previous work
has suggested that allogeneic T cell signals may be able
to trigger differentiation of B, cells to B,y cells
(29, 30). Since B2 cell development appears to be under
the control of the Xid gene, it was thought that allogeneic
effects in the form of graft-vs-host disease might be able
to correct the Xid defect. Antigen responses to TNP-ficoll
and isotype profile in colony forming cells were used as
markers for the appearance of B cells in CBA/n mice which
had undergone graft-vs-host disease (GVH). As shown in
Table XVII, CBA/n mice previously unresponsive to TNP-
ficoll were able to give low responses to this antigen if
they had undergone GVH. The isotype profiles show in-
creased levels of IgGl antibody as would be expected of a
B2 response, Colony forming cells, however, were not
restored by this regimen.

It appears then that graft-vs-host disease can
stimulate the development of some Bl cells in CBA/n
mice, but this development is not complete. Whether
this is in some way associated with the failure of B
colony forming cell restoration is not clear, but since
colony forming ability is not regained to any degree it
seems unlikely to be linked to B, cell development.

This observation is compatible with those made in the
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previous section on autoimmune mice. In that situation B
cells appeared to be necessary for disease development but
colony forming cells were not elevated in the presence of
disease, suggesting that they were not representative of
all B, cells. Those observations, coupled with the
graft-vs-host studies, are consistent with the model where
colony forming cells are a subset of cells within the B,
population. Additional studies, perhaps looking for

surface markers, are clearly needed to clarify this point.

DISCUSSION

To better understand the binding site associated
with the idiotypes I was studying, their fine specificity
for antigen was tested. By testing the ability of anti-
hapten antibodies to bind hapten analogs, a measure of the
similarity of the binding sites can be made which in some
instances was more informative than equilibrium dialysis
using a single hapten. The panel of eight hapten analogs
defines four different binding sites. The first is that
of TK-5, whose distinguishing characteristic is its low
affinity for TNP and DNP relative to that of the other
antibodies. TK-1 and TK-4 contain the second type of
binding site, although the sites on these two molecules
are not identical since they clearly differ in their

ability to bind TNP-Phe. They are distinct from TK-5 in
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having a tenfold higher affinity for TNP which was also
apparent from equilibrium dialysis data. The third site

is that of TK-3 which has a very high affinity for TNP and
a marked preference for TNP over DNP not seen for the

other antibodies. The fourth binding site is represented
by myeloma protein M460 which displayed the lowest affinity
of any of the antibodies tested. M460 also differed from
the other sites by its relatively high binding values for
TNP-LYS and DNP-GLY.

Examination of the idiotypes of the hybridomas
indicated each was unique and that only one (TK-1l) shared
a determinant with another anti-TNp antibody (M460). This
cross-reactivity is surprising in view of the clear dif-
ferences seen between TK-1 and M460 in both affinity and
fine specificity as shown in Table V. Table V shows TR-1
and TK-4 to have very similar fine specificity patterns
and since the anti-idiotypes were purified by hapten
elution and were, therefore, presumably, binding site
specific, we expected the idiotypes of these antibodies to
be similar also. This was not the case. However, since
antibodies against each of these proteins did not recognize
the other, the idiotype differences between TK-1 and TR-4
may reflect the differences in affinity for TNP-Phe. It
should be noted that these proteins could also have shared

idiotopes but antibodies against these determinants would
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have been removed in the purification of these hetero-
antisera (see Materials and Methods).

Although the IEF analysis of the light chains
shown in the first manuscript showed heterogeneity, this
is not clear evidence placing the idiotype on the light or
heavy chain. 1In most idiotype systems the expression of
the idiotype is linked to the Igh allotype locus (31-32),
but restriction of light chains in relation to idiotypes
has also been reported (33-35). The reasons advanced for
these restricted associations of heavy and light chains
are either that the idiotype is physically present on both
chains or, as is usually the case, that the heavy chain
requires a particular light chain in order to produce a
functional binding site (35).

These results are in agreement with previous
work. When fine specificity analysis and idiotype have
been compared in other systems, antibodies sharing idiotype
usually, but not always, shared fine specificity patterns
(36). There have also been antibodies described which
express idiotype but do not bind the relevant antigen
(37). 1In this case, TK-3 and TK-5 clearly differ in both
fine specificity and idiotype, but TK-1 and TK-4 exhibit
only minor differences in fine specificity (Table V TNP-Phe
and 4-NPBA) and yet have distinct idiotypes. These analy-
ses are also consistent with the results of other studies

describing the complexity of the anti-TNP/DNP antibody
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response (38-39). The expression of TK-1 among memory
anti-TNP hybridomas suggests that variable regions related
to that defined by M460 are represented in long-term
memory; however, our results also suggest that the anti-TNP
memory pool contains a number of other possibly unrelated
variable regions at least partially defined by TK-3 and
TK-4,

The main thrust of these studies was to examine
the expression of the idiotypes which I had defined in a
number of different situations to see if their expression
was regulated in any way. The first observation was that
the genetic makeup of the animal does affect the level of
idiotype expression. The nature of this apparent genetic
control cannot be clarified without the use of congenic
strains of mice, but previous work would suggest that Igh
linked genes are the most likely (31, 40). One genetic
difference seen, which is probably not attributable to the
Igh locus, is that BALB/c mice did not have increased
levels of idiotype expression in the TNP-ficoll versus the
TNP-KLH secondary response. This observation also applies
to the question, do B, and B, cells differ in idiotype
expression. The answer is yes, especially in the secondary
response, but the difference is not consistent. Five of
the strains show a marginal to marked increase in idiotype
when challenged with TNP-ficoll compared to challenge with

TNP-KLH, but one, BALB/c, was reduced. This argues against
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the hypothesis that idiotype preference is an intrinsic
property of the B cells themselves and for the hypothesis
that idiotypes are selected for by regulatory cells which
are themselves under some form of genetic control.

Virgin and memory cells also appear to differ in
their expression of this idiotype panel, which is in
agreement with findings in other systems (36, 41-42).
Since three of the idiotypes tested were from a secondary
response, it was not surprising that these idiotypes were
more prevalent in those responses. TK-5 idiotype, however,
is derived from a primary response and was also expressed
at a higher level in secondary, not primary, responses.
The assumption that hybridomas derived from a response
accurately reflect the idiotypic profile of that response
has conflicting experimental data to support it. Hybri-
domas derived from the anti-NP and anti-DNP systems have
been found to have idiotypes prevalent in the response
from which they came (42, 43), but in responses to two
other haptens, phthalate and oxazolone, the frequency of
serum and hybridoma idiotypes did not agree (44, 45).

In a study similar to those reported here, Scott
and Fleischman describe idiotypes which were expressed in
primary anti-DNP responses and were only found in associa-
tion with certain isotypes (43). 1In contrast, none of the
idiotypes which I studied showed any consistent association

with a particular immunoglobulin isotype. Rather, they
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were found in whichever isotype or isotypes were predomi-
nant in a given response. These two observations are not
necessarily in conflict since association with an isotype
may be a property of only certain idiotypes.

The effect of GVH on idiotype expression was in
all cases to reduce the expression of the idiotype. This
could have occurred by one of two mechanisms. First, the
B2 to B1 shift, which GVH apparently causes (20-21),
could alter idiotype expression. However, the change seen
in idiotype expression is a reduction, the proposed shift
in responding cell populations should have resulted in an
increased expression of idiotype. Alternatively, helper
and/or suppressor T cells, activated by the GVH, could
alter the idiotype expression.

Taken together, all of these observations suggest
a model for the expression of this panel of idiotypes. A
summary of my findings is that this panel of idiotypes is
primarily associated with a secondary TNP-ficoll response
and to a lesser extent to the secondary TNP-KLH response,
Inbred strains of mice differed in the amount of idiotype
expressed and in one case in the distribution of the
idiotypes between TNP-KLH and TNP-ficoll responses. None
of the idiotypes were consistently restricted to expression
with a particular isotype and the presence of GVH resulted
in reduced levels of idiotype expression. A model which

incorporates these observations is that these idiotypes
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are present at low levels during .the primary response but
upon secondary stimulation, especially by TI-2 antigen,
they are selectively expanded. This selective expression
could be the result of either positive or negative regula-
tory events, most probably mediated by T cells. If GVH is
present, however, then different and/or additional
idiotypes are selected, resulting in a lower proportional
expression of the idiotype panel. These new idiotypes
could be the result of somatic mutation or expression of
idiotypes which require the extra T cell help provided by
GVH.

The differences in idiotype expression between
mouse strains differing at the H-2 and Igh loci are con-
sistent with the association of idiotype with certain Igh
haplotypes seen in other studies (31, 40). The influence
of T cells on idiotype expression has been well established
(46-48) and my data concerning GVH would suggest that
regulatory T cells are functioning in this system, although
this was not pursued in detail.

The differences I observed between primary and
secondary responses in the level of idiotype expressed is
somewhat different from that seen by others (36, 43, 44).
In most idiotype systems the idiotype studied was derived
from a primary response and is expressed to the greatest
extent in that response. When secondary responses are

examined, the expression of the idiotype is either reduced
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or lost. The question has been: What is the origin of
the "new" idiotypes expressed in the secondary response?
In my studies, most of the idiotypes were derived from a
secondary response and are expressed to the greatest
extent there, but are also found at low levels in the
primary response. This suggests that the origins of the
"new" idiotypes in the secondary response are minor clones
present in the primary response. Further, if somatic
mutation is the source of these minor clones then it must
be an early event in relation to the development of memory
cells.

There are at least three additional areas in
which this research could continue. The first would be
the kinetics of idiotype expression. I only looked at
idiotype expression on one day, it is quite possible that
as in the case of M460 idiotype (48), idiotype expression
could vary with time after immunization. Secondly, the
use of congenic strains of mice and/or Fl crosses would
allow a more precise determination of genetic controls of
idiotype expression. Lastly, it should be determined if
there are T cells which recognize the idiotypes studied
here or express these idiotypic determinants on their
surface. The role of these T cells in regulation of

idiotype expression could then be determined.
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SUMMARY

The basic aim of this research was not to dissect
a particular control mechanism involved in the regulation
of idiotype expression, but to find evidence, in a response
which is not dominated by a given idiotype, for or against
the existence of specific mechanisms of idiotype regqulation
which have been described in systems which do have a
dominant idiotype. To accomplish this, anti-TNP hybridomas
were made and characterized biochemically, in relation to
antigen binding, fine specificity and idiotype. Using
this panel of idiotypes anti-TNP responses were assayed
for idiotype content. These responses differed in terms
of genetic background, state of priming, form of hapten
carrier used, and the presence or absence of T cell influ-
ences in the form of GVH. The results of these studies
show the regulation of idiotype expression to be complex.
While evidence for restriction of any of these idiotypes
with a given isotype is lacking, other genetic and cellular
factors which have been described in systems dominated by
a single idiotype are clearly at work in the idiotypically
heterogeneous anti-TNP response studied here. It appears
that the dominance of a response by a single idiotype is
due to normal regulatory mechanisms that result in the

restrictive expression of idiotype.
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TABLE I

Valence of anti-TNP by hybridomas.

Hybridoma Valence
TR=1 1.0+0.22)
TK-3 0.6+0.1
TK-4 0.6+0.02
TK-5 T )yl

Antibody valence was determined from a Scatchard olot
of equilibrium dialysis binding data using
3H-DNP-lysine.

Valence + S.E.
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TK-1

TK-3

TK-4

TR-5

M460
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TABLE II

Fine specificity analysis by ELISA —- ratio of
inhibition by various analogs of DNP and TNP

compared to TNP-epsilon amino caproic acid.

TNP- TNP- TNP- DNP~ DRP-~- DNP- 2,4 4-
TE-3 EACA Lys Phe EACA Lys Gly DN2 NPEAR
0.00132 1.0 o0.78b 2.4 3.3 L. 0.59 0.79 0.065
1.0 1.0 0.15 0.36 0.001 0.001 0.000053 0.00047 0.000011
0.0C36 1.0 0.20 0.12 2.0 0.22 0.12 0.43 0.0021
0.00016 1.0 0.36 0.15 1.4 1.7 0.34 0.24 0.048
0.000052 1.0 2.98 0.37 0.73 1.73 1.69 0.25 0.16

JTNP-EACA) for 50% inhibition of TE-3
{TNP-EACA) for 50% inhibition of heterologous antibody)

[TNP-EACA)
[Beterologous hapten]

Calculated from concentrations needed to inhibit 50% of
binding in ELISA.



TABLE III

Characteristics of anti-idiotype antibodies.

Anti-Idiotype Source Specificity

TK-1 Rabbit TK-1, M460

AI-31 Mouse TK-3
Monoclonal

TK-4 Rabbit TK-4

TK-5 Rabbit TK-5

M315/460 Rabbit M315, M460



TABLE IV

Genotype of inbred mouse strains used.

Strain

A/J
AKR
BALB/c
C57B1/6
DBA/1
SJL

Bg Do

(CBA/n x BALB/c)

b/4
k/d

b/c
j/a
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TABLE V

Idiotype content of primary IgM anti-TNP-KLR response.

1diotype A/ AKR BALB/c CS57Bl1/6 DBA/) SJL

TK-1 10.7+2.62) 2.6+2.6 3.5+1.8 0 0.3#0.3 13.2+2.5 P<p.0059"

TR-3 2.622.6 2.742.7  wp®) 0 0 11.246.9

TR-4 0.440.4 0 7.333.7 0 0 0.410.4  P=0,037

TR-5 7.642.8 0 1.741.2 @ 0 4.242.3 p=0,072

M315/460 3.9+3.4 0 4.642.6 0 0.7+0.7 1C.7+4.1 P=0.196

Com- .

bined®’ 25,2 5.3 17.1 9 0.9 39.8
(16.9-33.4)b) (p-15.7) (3.6-30.6) (0-2.8) (12.3-67.2)

a8} Data are arithmetic means of percent inhibition of ELISA bv
anti-idiotype + S.E., serum sample pooled from 5-6 mice.

b) 958 comfidence interval calculated from the S.E.

€) Combined idiotype level is determined by addition of the
individuval idiotype data.

d) P value from one way analysis of variance comparing the
idiotype level of the different strains.

e) Primary IgM response not tested. TK-3 idiotype is not
pPresent in primary IgG response.



TABLE VI

Idiotype content of primary IgM anti TNP-ficoll response.

Idiotype A/J ARKR BALB/c C57B1/6 DBA /1 SJL

TK-1 2.742.7 0 0.240.2 0 0 9.842.2 P=0,038

TK-3 0 0 Npa) 0 0 5.143.6

TK-4 Bydilal 0 1.541.5 0 0 0 P>0.250

TK-5 0 0 3.2+3.2 0 0 5.943.3 P>0.250

M315/460 © ¢ 0 0 0 5.142.6 P=0.058

Combined 3.8 0 4.9 0 0 25.9  P=0.032
(0-11.2) {0-14.4) (9.9-41.9)

See Table V.

a) 1IgM response not tested. No TK-3 idiotype in primary IgG
response.



TABLE VII

Idiotype content of secondary IgG anti-TNP-KLE response.

Idiotype  A/J AKR BALB/c C57B1/6 DBA/1 SJL
TR-1 8.3#1.1 12.5+2.2 17.5+4.2  4.040.5 18.145.6 0.840.3 P=0.020
TR-3 2.3+1.3 1.4+1.4 0.740.7 0 0 2.742.7

TR-4 2.9+2.7 0.2+0.2 3.4+2.0 0 0 0 P»0.250
TK-5 3.4+1.9 1.3+1.3 5.8+2.9 2.740.6 0 2.3+2,3 P)0.250
M315/460 2.9+1.9 0 0.940.9 7.3+0.7 0 1.741.7 P=0.102
Combined 19.8 15.3 28.3 13.9 18.1 7.4 P 0.250

(5.9-33.6) (14.5-16.1)(24.3-32.8)(12.9-14.9)(7.2-28.9) (3.9-10.9)

See Table V.
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TABLE VIII

Idiotype content of secondary IgG response to TNP-ficoll.

Idiotype  A/J ARR BALB/c C57B1/6 DBA/1 SJL
TR-1 14.443.5 16.7+2.8 0 5.840.6 1.848.0  13.1+1.2 P=0.077
TR-3 0.6+0.6 1.2+1.0 0 0 0 0

TR-4 6.1+2.1 11.440.2 0 1.241.2 0 0 P<0.005
TK-5 5.8+4.3 20.2+42.2  5.143.6 5.1+1.4 4.3+2.4 7.3+4.5 P=0.178
M315/460 3.342.6 14.3+3.4 0 2.9+41.2 3.1+2.4 2.3+2.1 P=0.045
Combined 30.1 63.8 5.1 14.9 25.4 22.6 P 0.005

(10.8-49.4)(48.9-78.6) (0-12) (11.0-18.7) (15.1-35.7) {15.8-29. 5}

See Table V.
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TABLE IX

Idiotype content of primary BALB/c response to

TNP antigens by antibody subclass.

TNP-KLH
IgM IgG3 I1gGl 1gG2b JIgG2a Total I1gG
ug/ml2) T376+1.1 0.8+0 1.1+0.1 " 0.18+.02 0.01 Py}

TK-1 3.5+1.8C) 5.345.3 0 0.9+40.5 0.140.1 6.345.6
TR-4 7.3+3.7 15.6+0.2 0 1.2+41.2 0 16.8+0.8

TR-5 1.7+1.7 0 0 1.8+41.3 0 1.8+0.7

M315/460 4.6+2.6 4.4+4.4 0 0 0 4.4+44.4

17.1 29.2
(3.6-30.6)9) (18.1-40.3)

™P-ficoll

IgM 19G3 I9Gl I1gG2b IgG2a Total IgG
ug/ml 2.2+.6 1.8+40.5 0.7+.4 .2740 0.02+.02 2.8
TK-1 0.2+40.2 4.2+44.2 1.141.1 2.3+0.2 o 7.6+4.9
TR-4 1.5+1.5 0.9+0.9 0 0.3+40.3 0 1.240.8
TR~5 3.2+3.2 2.9+42.7 3.6+1.8 3.240.3 0 9.444.0
M315/460 0 0 0 0 0 0
4.9 1B8.2
(0-14.4) (0-36.8)

a) uvg/ml of antibody + S.E.
b} Total IgG determined by totaling the subclasses,

€) The percent of the IgM or total IgG response inhibited by
anti-idiotype.

d) 95% confidence interval.
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TABLE X

IgG subclass distribution of secondary anti-TNP responses

Strain Antigen Total IgG I19G3 _IqG1 IgG2b IgG2a
A/ TNP-K1H 4155+542) 1b) 85 13 1
TNP-ficoll  403+51 i 92 5 2
ARR TNP-K1H 15924364 0 53 41 6
TNP-ficoll  53+5 4 43 49 4
C57B1/6 TNP-K1H 157+38 0 92 8 0
TNP-ficoll 57418 14 57 29 0
DBA/1  TNP-K1H 734431 0 89 10 0
TNP-ficoll  B86+20 1 65 33 1
SJL TNP-K1H 24114258 0 59 41 0
TNP-ficoll  105+29 0 62 38 0

2) wug/ml of antibody + §.E. of anti-TNP antibody from a serum
pocl of from 5-6 mice.

b) Percentage of the total anti-TNP IgG which is of the
indicated subclass.



TABLE X1

Subclass distribution of idiotype in

secondary IgG anti-TNP-K1lH response.

Strain Antigen
ARR TNP-K1H
TNP-£ficoll
TNP-ficoll
TNP-ficoll
DBA/1 TNP-K1H
TNP-ficoll
A/J TNP-ficoll
SJL TNP-£ficoll

M315/460

TK-1

TK-1

TK-1

TK-1

25.6

36.0

85.6

62.3

64.9

34.8

72.2

61.4

14.4

37.7

35.1

65.2

a) Percentage of total idiotype positive antibody which is
expressed in the indicated subclass.
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TABLE XII

Idiotype content of primary B response

602
to TNP antigen by antibody subclass.

TNP-K1H

IgM I1gG3 I1gGl 1gG2b 1gG2a Total IgG
ug/ml 2.740.2 34.4+43.1 261.1+62 117.049.4 1.440.2 413.9
TR~1 4.1+423 1.940.03 24.3+4.2 6.9+15 0.1+.03 33.1+1.90
TK~4 0 1.5+.03 7.4+6.1 3.8+42.3 0 12.746.1
TK-5 1.3+1.3 0.8+0.4 16.5+1.4 4.840.7 0.140.03 22.2+41.9
M315/460 7.2+7.2 0.340.3 0 2.4+41.5 0 25 7#1 .5

12.6 70.6

(0-15.4) (57.4-81.8)

TNP-K1H + GVH

IgM 1gG3 IgGl 19G2b I1gG2a Total IgG
ug/ml 1.8+0.2 17.8+.4 94.2+20 44.542.4 1,.3%,2 157.8
TK-1 8.6+4.3 2.9+0.4 9.5+6.3 8.5+0.8 0.1+0.1 21.0+3.4
TK-4 0 0.6+0.6 0 3.2+41.8 0 3.8+2.3
TK-5 2.8+41.6 1.1+1.1 0.7+40.5 3.5+1.8 0.1+0.1 5.4+27
M315/460 1.1+1.1 0.1+0.1 0 0 0 0.1+0.1

X2 .5 30.3

(0-24.8) (17.9-42.7)

See Table IX.
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TABLE XIII

Idiotype content of primary BGD2 anti-TNP-ficoll

response by subclass,

INP-Ficoll

IgM I1gG3 IgGl IgG2b IgG2a Total IgG
ug/ml .17+.1 0.6+.1 0.7+.4 0.240 .02+.01 1.5
TK-1 ND 5.641.2 0 1.0+1.0 0 6.5+2.1
TE-4 ND 0 0 0.6+0.6 0 0.6+0.6
TEK-5 43,5+2.5 3.1+3.1 0 1.241.2 0 4.3+4.3
M315/460 4.940.1 0 0 0 0 0
11.4
(0~-25.1)

TNP-Ficoll + GVH

IgM 19G3 IgG1 IgG2b IgG2a Total 149G
ug/ml 0.5+.1 0.7+.1 0.5+.5 0.4+.1 .02+,01 1.5
TK-1 6.9+6.9 0 0 0 0 0
TK-4 0 0 0 1.8+1.8 0 1.9+41.9
TR-5 0 0 0 1.1+0.1 0 1.1+0.1
M315/460 0 0 0 0 0.1+0.1 0.1+0.1
€.9 3wl
(0-20.3) ) (0-6.7)

See Table IX.



Idiotype content of primary

TABLE XIV

(CBA/n x BALB/c) F

male to TNP-K1R

105

3

IgM I1gG3 IgGl IgG2b IgG2a Total 114G
ug/ml 3.0+2.0 1.1+40.6 56.8+3.9 22.1+42.5 1.2+0 81.2
TR-1 30.4+1.8 0.4+40.2 14.2+41.0 9.341.1 0 23.942.3
TK-4 0 0.5+0.1 4.2+40.9 5.8+1.6 0.3+0 10.8+2.6
TE-5 13.3#1.8 0.240.2 10.8+2.8 8.9+2.2 0.240.1 20.040.6
M315/460 1.9+1.9 0.6+0.6 0 0.6+0.2 0 1.240.3
255 - B 558
(23.2-67.8) (47.1-64.5)
TNP-K1E + GVH
IgM Ig9G3 I1gGl 1gG2b IgG2a Total IgG
ug/ml 0.75.4 1.2+41.2 25.3+43.8 B.3+.1 0.6+.1 35.4
TR-1 29.3+46.8 G 7%..) 9.7+18 5.5+0.3 0.740.1 16.1+2.3
TK~-4 6.7+2.9 0.3+0.2 7.140.5 2.0+1.4 0.340.2 9.4+1.1
TR-5 13.2+43.3 0.5+0.1 6.5+0.1 5.3+1.5 0.5+40.1 12.3+1.4
0.2+0.1 0 0.5+0.5 0.2+0.1 0.7+0.6

M315/460 7.3+3.4

56.6
{27.5-85.6)

See table IX.

38.3
(30.3-46.3)
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TABLE XV

Idiotype content of pPrimary response of
(CBA/n x BALB/c) Fl males to
TNP-ficoll + GVH

IgM IgG3 IgG1 1gG2h I1aG23 Total 196
ug/ml 0.4+0.04 0.340.2 @.9+.1 .16+0 0.04+0
TK-1 21.741.7 0 0 3.340.7 C.6+0.3 3.8+0.5
TR-4 3.3+0.9 G 10.3+3.3 1.440.1 0.5+0.2 12.1+3.2
TK=-5 39.6+5.8 0 21.2+41.8 3.7+0.4 0.2+42.2 25.1+2.4
M315/460 11.7+1.5 o} 3.6+3.0 0.€+0.6 0 3.6+2.4
76.2 44.6
(62.9-89.5) (37.4-51.8)

See Table IX.
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Expression of autoimmune disease in

(CBA/ca x BXSB) Fj mice.

Lymph Node
Wt. (mg)

2+0.2

60+11

9+2

5+1

1749

23+5

2242

4+1

Mouse Age Spleen Wt,
Strain Sex (Months) (mg)
CBA/ca F 7 53+43)
BXSB M 5 601+49
F 21 280486
CBA/ca
x BXSB M 5 87+0.4
6 162+13
7 576+12
8 649+35
F 6-8 88+3
a) Data are presented as arithmetic mean + S.E. of 3-5

mice per group assayed individually.



TABLE XVII

Effect of Xid gene on expression of

lymphoproliferative disorder in

{CBA/n x BXSB) F1 males.

B Colonies

Mouse Age Spleen Wt. Lymph Node Per 10°
Strain Sex (Months) (mqg) Wt. (mg) Spleen Cells
CBA/n
x BXSB M 5 68+173) 5+2 0.5+0.1
8 72+4 8+2 0.5+0.1
10 59+7 5+3 0
F 11 74+9 4+2 118+6
BXSB x
CBA/n M 8 105+13 16+2 48+8
BXSB M 8 550+30 87+11 48+10
a) Data are presented as mean + standard error of 5

animals assayed individually for each group.
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a)

TABLE XVIII
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Primary anti-TNP serum antibody response to

TNP-ficoll and B colony forming cells

in (CBA/n x BALB/cC) Fl males undergoing GVH.

TNP-
Ficoll GVH

+ -
= BALB/c
+ BALB/c
+ CBA/n

IgM gG
11.02 15.29
0.03 0.03
0.12 1.72
0.18 9.22

B Colonies
Per 10°
Spleen Cells

82+62)
0.3+0.09
0.4+0.09

0.23+0.08

Pooled sera from three to four mice per group were
assayed in an ELISA using TNP-BSA coated plates.
Values are arithmetic means S.E. were all less than

15%.

Arithmetic mean + S.E.
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Figure 1. Eguilibrium dialysis binding data plotted ac-
cording to method of Scatchard. r = moles of bound
hapten per mole of antibody. ¢ = concentration of

free hapten.
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Figure 2. Specificity of anti-idiotype antisera. The
binding of various hybridoma or myeloma anti-TNP
antibodies to TNP-BSA was assessed in an ELISA in the
presence or absence of various anti-idiotype anti-
bodies as inhibitors. 25 mg of anti-TNP antibody was
mixed with the indicated amount of anti-idiotype in
each of four replicate wells for each exper imental
point. A) rabbit anti-TK-1 id; B) mouse hybridoma
AI-31 (anti-TK-3 id); C) rabbit anti-TK-4 id; D)
rabbit anti-MOPC 315/460 shared id; E) rabbit
anti-TK-5 id ®w TK-1, o0 TK-3, & TK-4, e TK-5, C

M315, a M460.
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