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Materials and Methods
Animals and Immunizations. Female New Zealand white rabbits, weighing 3-4 kg, were
immunized by daily i.v. injections on alternate weeks of 5 mg human serum albumin (HSA)
(9). Crystalline HSA (Sigma Chemical Co., St. Louis, Mo.) was further purified by Pevikon
block electrophoresis and passage over Affigel-Blue (Bio-Rad Laboratories, Richmond, Calif.),
which specifically binds albumins. Human lactoferrin (LF) was prepared as previously described
(10); antibody to this antigen was induced by i.v. immunization as for HSA.
Purification and Fluorochrome Labeling of Immunoglobulins. Blood was taken when the rabbits
were killed, 7-35 d after the final injection of antigen. The preparation of serum IgG and
F(ab')2 fragments, and subsequent labeling with tetramethylrhodamine isothiocyanate
(TRITC) have been described (11). F(ab')2 fragments, separated on a Sephadex G-200 column,
had a sedimentation constant of 5S. Fab' fragments were obtained by reduction of conjugated
F(ab')2 with 0.01 M 2-mercaptoethanol for 8 h, followed by overnight alkylation with 0.01 M
iodoacetamide, and subsequent purification on a column of Sephadex G-200. HSA was
conjugated to fluorescein isothiocyanate (FITC) or T R I T C in a manner similar to that of the
antibody preparations.
Fluorochrome-conjugated antisera specific for heavy chains of rabbit IgM, IgG, and IgA
were used to determine the class of Ig in anti-idiotype-producing cells. These reagents were
rendered specific for a- and p-chains and the Fc fragment of IgG by absorption through a
column of polyclonal IgG or F(ab')2 coupled to cyanogen bromide-activated Sepharose.
Tissues. Spleen, bone marrow, popliteal or mesenteric lymph nodes, and intestine were
* Supported by U. S. Public Health Service grants GM-07164 and AI-10854-08.
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T h e possibility that the i m m u n e system might be regulated, at least in part, by
idiotype-anti-idiotype interactions was first proposed by Jerne (1). Support for this
theory has come from the demonstration of spontaneously appearing antibodies a n d /
or plaque-forming cells specific for the T15 or E l 0 9 idiotypic determinants on
immunoglobulin molecules produced in inbred mice immunized with phosphorylcholine or levan, respectively (2-4); a similar anti-idiotypic response was observed in rats
repeatedly immunized with m e m b r a n e alloantigens (5). O t h e r experiments have
demonstrated that anti-idiotypic antibodies can be induced in either autologous (6)
or heterologous systems, and that the i m m u n e response can be altered by the
administration of these antibodies (7, 8).
T o provide further support for the theory of idiotype-anti-idiotype regulation, one
should be able to show the presence of cells producing antibodies to an individual's
own idiotypic determinants during an i m m u n e response. In this c o m m u n i c a t i o n we
demonstrate by immunofluorescence techniques that this is indeed the case; plasma
cells capable of b i n d i n g autologous a n t i b o d y can be detected in outbred animals.
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FxG. 1. Experimental design. Animals were immunized i.v. for various periods of time (Table I).
When an experiment was terminated, rabbits were killed by cardiac exsanguination and either
TRITC-labeled IgG, F(ab')2, or Fab fragments were prepared. The labeled antibodies or fragments
were purified by affinity chromatography on an antigen column and used to stain preparations of
autologous splenic cells, taken at time of killing. The cells were costained with FITC-labeled
anti-rabbit Ig reagents specific for the Fe portion of IgG, IgM, or IgA. Ceils binding antigen were
counted after staining of another slide with TRITe-labeled HSA and eostaining with FITC-anti-Ig.

either quick-frozen in liquid nitrogen or processed for cytocentrifuge slides (prepared in
phosphate-buffered saline with 1% bovine gamma globulin or 0.1% gelatin). Tissue or cell
preparations were processed for the detection of antigen-binding cells (12). Specimens were
examined in a fluorescence microscope equipped with a vertical illuminator and a set of filters
for narrow band excitation (Orthoplan, Leitz, West Germany).
Isolation of Specific Anti-HSA. Conjugated antibody was passed through a column of HSASepharose in borate buffer until no anti-HSA activity could be detected by passive hemagglutination (PHA), using HSA-coated sheep erythrocytes. Specifically bound antibody was eluted
with 3 M potassium thioeyanate and subsequently passed through a column of anti-HSASepharose or Affigel-Blue to remove any antigen or antigen-antibody complexes that coeluted
with specific antibody.
Results and Discussion
T h e procedures used for the detection of cells that bind: (a) HSA-specific IgG
(idiotype), isolated from auto- or alloantisera; (b) H S A (antigen); or (c) FITC-labeled
reagents to rabbit immunoglobulins are outlined in Fig. 1. This m e t h o d has the
advantage o f permitting us to detect the presence of cells producing anti-idiotypic
antibodies (Fig. 2) to the animal's own specific antibody, and of avoiding the use of
heterologous or homologous systems. T h e antibodies that we refer to as idiotypic
represent a heterogeneous population of Ig molecules with a n t i - H S A activity, as
evidenced by isoeleetric focusing analyses.
In Table I, d a t a are summarized that show the percentage of Ig-positive cells that
bind antigen or idiotypic antibody (anti-idiotype-producing cells) as related to the
length of the immunization period. It is apparent that there is a great variability
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TABLE I

ldiotype- and HSA-binding Splenic Plasma Cells of Rabbits Immunized with HSA or LF
Anti-HSA or
anti-LF from
rabbit No.

Percentage of spleen cells in rabbit binding idiotype (anti-HSA or ant i-LF)*

Length of
immunization

l

2

3

4

d
1

2
3
4
5
6
7
8:~
9§
% HSA-binding
cells

16

36
64
80
158
354
542
62
57

5

6

7

8§

'7,
0 (0)11
0

0.2

0
0
0
0
0
0
0

1.4
0.3
0,4
0.2
0.3
0
0

(I, 7 (0.5)

0
1.0
3.2

0.5
0.5
0,4
0,7
0
0

4.7 (3.0)

36.1
27.2
41.7
41.8

3.0
0.7
3.7
0
0

44 (2.6)

ND¶
5.6
ND
2,5
18,2

36.5
46.9
0
0

20.2

0.7
1.3
2.7
1.3
2.0
1,3

ND
0
0

0
0

0.1

0.6

0.1

8.1

46.9

6.,5 ((J.5)

0.1
0.7

3.8

2,7 (0.7)

2.1

0

0
0
0
0
0
0
8.3

7,1
0

* Expressed as percentage of Ig-positive cells. Cytocentrifuge slides were stained with Fc-specific FITC-iabeled goat antirabbit Ig reagents and subsequently with TRITC-labeled HSA, or anti-HSA (F[ab']2 fragment), or anti-LF. Approximately 300-1,000 Ig-posltive cells were counted per slide. Identical numbers of idiotype-binding cells were observed
when slides were stained in the absence of anti-lg reagents.
:~ Immunized with LF.
§ Antiserum previously prepared in this laboratory from a rabbit immunized with LF in complete Freund's adjuvant (10).
II Italicized numbers represent binding of specific anti HSA to spleen cells of autologous origin. Values in parentheses are
those t~btained when the fraction of labeled antibody that had no HSA-binding ability (borate eiuate) was applied on
autologous cells.
¶ NIl, not determined.

among individual animals, and that there is a high degree of idiotypic cross-reactivity
among the anti-HSA preparations from different rabbits. However, it should be noted
that the percentage of positive cells was highest when autologous antibody was used
for staining. T h e autologous values were sometimes equaled when a labeled preparation from another animal was used, but cross-staining experiments generally yielded
numbers lower than those obtained when the animal's own antibody was used to
stain its own cells. Idiotypic cross-reactivity was also observed when a previously
prepared rabbit anti-LF reagent was used to stain the cells of an LF-immunized
rabbit. No cells that bound autologous anti-HSA antibody were detected in a rabbit
immunized for only 16 d, although HSA-binding cells were present, and labeled
antibody from this animal did stain the cells from other HSA-immunized animals.
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Fro. 2. C y t o c e n t r i f u g e slide o f spleen cells f r o m r a b b i t No. 5 s t a i n e d w i t h F I T C - l a b e l e d g o a t a n t i I g G (Fc) (left) a n d a u t o l o g o u s T R I T C - l a b e l e d F(ab')2-specific a n t i - H S A (right).
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Only a small proportion of cells were stained with that portion of labeled IgG that
did not adhere to the HSA column. These results suggest that most of the observed
staining could be ascribed to that fraction of antibody that contained anti-HSA
activity. However, a small proportion of idiotype-bearing molecules that did not bind
HSA were present in these animals; this phenomenon has been observed by others
(7). Identical results were obtained when either TRITC-labeled IgG of idiotype,
F(ab')2, or Fab' were used to detect anti-idiotype-producing cells. These findings
suggest that anti-idiotype-producing cells bind anti-HSA through the Fab' fragment.
By using TRITC-labeled F(ab')2 or Fab ~ of idiotype and FITC-labeled goat antirabbit isotype reagents, we could determine the antibody class in cells that bound
idiotype. With the exception of rabbit No. 2, ~30% of whose anti-idiotype cells were
of the IgM class, the majority (>95%) of anti-idiotype-positive cells were of the IgG
class. Cells binding idiotype were also observed in bone marrow, rarely in popliteal
and mesenteric lymph nodes, but not in intestinal tissues.
Several experiments were performed to confirm the specificity of the observed
reactions. Antigen specificity was demonstrated by the absence of staining of cells
from HSA-immunized rabbits with labeled preimmune IgG or rabbit TRITC-labeled
antibodies to human LF, J chain, IgA, IgM, IgG, bacteriophage 4~X174, and Streptococcus mutans. On the other hand, spleen cells from a rabbit immunized with human
LF bound both autologous TRITC-labeled anti-LF as well as another anti-LF
previously prepared in our laboratory, but none of the anti-FISA reagents. Likewise,
spleens of rabbits immunized with bacteriophage ~X174, S. mutans, and J chain were
stained in low numbers only with autologous antibody (S. Jackson, R. Kulhavy, and
J. Mesteeky. Manuscript in preparation.).
The antigen specificity of the staining, as well as the fact that preabsorption of the
conjugates with aggregated rabbit IgG did not affect the numbers of positive cells,
indicated that our results were not influenced by the presence of a serum rheumatoid
factor (RF). The presence of intracellular RF was excluded by the finding that no
differences were noted in total numbers of cells binding idiotype when TRITC-labeled
IgG, F(ab')2, or Fab' fragments were used, or if slides were incubated with normal
rabbit IgG before staining.
The possibility that staining might be due to the presence of in vivo-formed
circulating antigen-antibody complexes, which would bind through accessible determinants of HSA, was excluded by two experiments. First, gel filtration of conjugated
antibody on Sephadex G-200 in glycine-HC1 buffer, pH 2.4, which would be expected
to dissociate any such complexes, had no effect on staining. In the second experiment,
the conjugate was passed through Affigel-Blue or anti-HSA columns, thus removing
any staining mediated through the antigen. Neither of these treatments affected the
numbers of positive cells counted.
To demonstrate that the observed idiotype- or antigen-binding activity resided
within cells, cytocentrifuge slides were treated with 10 M urea (pH adjusted to 2.5
with 4 M acetic acid) or reduced (0.2 M 2-mercaptoethanol) and subsequently
alkylated (0.2 M iodoacetamide) before staining with TRITC-idiotype or FITC-goat
anti-rabbit Ig. Although either of these treatments abolished staining with T R I T C labeled idiotype or HSA, staining with FITC anti-Ig was not affected. These results
indicate that some antigenic determinants of intracellular Ig apparently remain
present despite this treatment, whereas the ability to bind idiotype or HSA within the
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Summary

Spleen and other lymphoid tissues of rabbits immunized with human serum
albumin (HSA) and human lactoferrin (LF) were examined for the presence of cells
forming anti-idiotype antibodies. To detect these cells, IgG, F(ab')2, or Fab' of specific
antibodies were isolated, fluorochrome-tagged with tetramethylrhodamine isothiocyanate, and used as an idiotypic marker to detect splenic plasma cells that are
producing anti-idiotypic antibody. By this procedure, we were able to demonstrate
anti-idiotypic cells in surprisingly high numbers. For example, in six rabbits immunized with HSA for periods ranging from 36 to 542 d, the percentage of Ig-positive
cells that stained with autologous idiotype ranged from 0.7 to 44; furthermore, crossreactivity was observed among seven different anti-HSA preparations and two antiLF antisera. The isotype of anti-idiotypic cells, determined by costaining with
fluorescein isothiocyanate-labeled goat Fc-specific anti-rabbit Ig, was shown to be
predominantly IgG. These findings provide evidence of the presence of plasma cells
producing antibody to autologous idiotype during a vigorous immune response.
We thank Ms. Rose Kulhavy for excellent technical assistance; Dr. A. R. Lawton for goat
antisera to rabbit IgG, IgM, and IgA; Doctors J. J. Cebra and W. C. Hanty for goat reagents
to rabbit IgG and IgA, respectively; Dr. R. M. E. Parkhouse for isoelectric focusing analyses of
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cells was abolished. These findings also imply that staining was not a result of the
presence of intracellular antigen, because it is unlikely that these treatments would
remove or completely destroy antigenic determinants of HSA but not immunoglobulin. Additionally, if antigen were present, one would expect to observe the same
percentage of positive cells regardless of the origin of anti-HSA. The data given in
Table I show that this is not the ease.
These data indicate that an autologous anti-idiotypic response is induced as a
consequence of antigenic stimulation; however, no staining was observed when normal
rabbit IgG was applied on autologous spleen cells or when the experiment was
performed on a rabbit immunized for only 16 d. This suggests that the anti-idiotype
response may not be detectable under normal conditions. Tasiaux et al. (13), in
experiments similar to ours, demonstrated surface receptors for idiotypic determinants
on peripheral lymphocytes of rabbits immunized with tobacco mosaic virus, disclosed
by staining with autogeneic and allogeneic antisera. Cross-reactive idiotypes on
antibody molecules with similar binding abilities, isolated from different individuals
of the same species, were observed first in humans (14) and have also been demonstrated in other animals, particularly in rabbits and mice (8).
Unexpectedly high numbers of antigen and idiotype-binding ceils were found in
cytocentrifuge slides as well as tissue sections of spleen from rabbit No. 5. With the
exception of bone marrow, where idiotype-binding cells were also present, other
tissues, such as lymph nodes, lacked these cells. At present, we can offer no explanation
concerning the almost exclusive distribution and high percentage of idiotype- and
antigen-binding cells in the spleen of this rabbit.
The number of cells binding idiotype is surprisingly high when numbers of antigenbinding cells are considered. However, attempts to detect circulating anti-idiotype by
reverse PHA were unsuccessful. Therefore, the fate of anti-idiotype antibody and its
in vivo function are at present unknown.
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anti-HSA antisera; Dr. R. E. Schroenloher for ultracentrifugal analysis of F(ab')2 fragments;
and Dr. H. G. Kunkel for his suggestions concerning the possible occurrence of circulating
immune complexes in immunized rabbits.
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