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Abstract

The mechanism whereby the immune system avoids self-aggression is
one of the central issues of Immunology. The discovery of natural
autoantibodies, mainly of IgM isotype, and of idiotypic interactions
between antibodies indicates that elements of the immune system
interact with self constituents and with themselves. Results of studies
with soluble antibodies have indicated that the pool of circulating IgM
represents the end result of a highly selective process of B cell
activation and differentiation by self proteins resulting in the forma-
tion of a network. The objective of the present work was to determine
the frequency of self-reacting B cells in normal mice. We were able to
detect B cells that recognize self proteins present in extracts of
different organs in normal adult, 2-3-month old, BALB/c and C57BL/
6 mice with an ELISA spot assay. About 1% of total IgM-secreting
cells among small, LPS-stimulated spleen cells reacted with organ
extracts, whereas among large spleen cells the frequency was 5-  to 10-
fold lower. Immunization induced an increase in the frequency of
IgM-secreting cells. The present results provide cellular evidence for
the results of studies done at the serological level. The physiological
role of these self-recognizing cells, as well as their participation in
autoimmune processes, remain to be established.
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Introduction

The normal immune system is capable of
self-recognition without triggering processes
that characterize the immune response against
conventional antigens. The mechanism(s)
whereby the immune system avoids self-
aggression is one of the central issues in
Immunology.

The B cell repertoire is generated by ran-
dom rearrangements of immunoglobulin
genes in the absence of nominal antigens.

According to the classical view, the immune
system is antigen-driven, i.e., cells are stim-
ulated only when they interact with external
antigens. Studies with germ-free mice, how-
ever, have shown activated spleen lympho-
cyte numbers and serum IgM levels very
similar to those of specific pathogen-free
and normal animals (1,2). Coutinho, Varela
and co-workers (3,4) have shown that natu-
ral antibodies present complex dynamic ac-
tivity in the absence of external antigenic
stimulation, as well as a high degree of con-
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nectivity with each other and with other self
components (5-7). Idiotypic connectivity and
self-recognition, in agreement with the ideas
of Jerne (8), lead to the formation of a net-
work, where the elements are in equilibrium
and therefore are not activated to react with
self.

Recent studies with soluble antibodies
have indicated that the pool of circulating
IgM in normal mice represents the end result
of a highly selective process; naturally acti-
vated, immunocompetent lymphocytes do
not constitute a random sample of the resting
cell pool, but are rather the result of a posi-
tive selection guided by self proteins and
resulting in the formation of a network (9,10).
These studies have provided remarkable ev-
idence for the fundamental role of self com-
ponents in the establishment and mainte-
nance of the system. Thus, a pool of lympho-
cytes would be selected by dominant self
proteins which constitute the “immunologi-
cal homunculus” as proposed by Cohen (11).

As a complementation of these studies,
done at the level of soluble antibodies, the
objective of the present investigation was to
analyze self-reacting B cell frequencies in
normal mice. Using an ELISA spot assay we
were able to detect B cells that recognize self
proteins present in extracts of different or-
gans in normal adult BALB/c and C57BL/6
mice. Our results show a relatively high
frequency of IgM-secreting B cells that rec-
ognize self proteins, supporting reports of
the existence of a positive selection mech-
anism on the initial development of B cells
and a negative selection of mature B lym-
phocytes.

Material and Methods

Animals

BALB/c and C57BL/6 inbred mice were
maintained under standard conditions in our
animal facilities. Adult animals, 2-3 months
of age, were used in these studies.

Protein extracts and immunizations

Protein extracts were prepared from the
following organs: heart, lung, brain, liver,
gut, spleen, kidney and stomach. Mice were
killed by cervical dislocation, and the organs
were removed under sterile conditions and
disrupted by ultrasound (7 pulses of 20 mA
for 30 s) on ice-cold phosphate-buffered
saline (PBS) with 35 µg/ml phenylmethyl-
sulfonyl fluoride. After centrifugation at
1,000 g at 4oC, the supernatant was collected
and protein concentration was determined
by absorbance at 260 and 280 nm. The mate-
rial was aliquoted and stored at -20oC until
use.

Groups of 3-4 mice were immunized on
days 0 and 7 by intraperitoneal injection of
50 µg lung protein extract diluted in 100 µl
PBS and emulsified in the same volume of
complete Freund’s adjuvant (CFA, Sigma
Chemical Co.). Control groups consisted of
animals injected with 100 µl PBS or PBS/
CFA. On day 10 spleen cells were screened
for the frequency of Ig-secreting cells recog-
nizing the organ extracts by the ELISA spot
assay (ESA).

Cells and cultures

Cells from spleen, peritoneal exudate and
bone marrow were collected from mice un-
der sterile conditions, washed with cold
Hank’s solution, adjusted to the desired con-
centration and kept in an ice bath until use.
Large and small spleen cells were separated
by centrifugation using a Percoll gradient
(12).

For some experiments, cells were sus-
pended at 106 or 2 x 106/ml in RPMI 1640
medium (Sigma Chemical Co.) comple-
mented with 25 mM HEPES buffer (Sigma),
pH 7.3, gentamycin (280 mg/l), 10% fetal
calf serum (Cultilab, São Paulo, Brazil) and
25 µg/ml E. coli lipopolysaccharide (LPS,
Sigma) and cultured for 3 days at 37oC with
5% CO2 in air. After this period, they were
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washed, counted and analyzed for the fre-
quency of Ig-secreting cells by ESA.

ELISA spot assay

The ELISA spot assay was performed as
described by Nardi et al. (12). Briefly, flat-
bottom ELISA plates were coated with 50
µl/well of either anti-mouse Ig (Sigma Chem-
ical Co.) or protein extracts at 1 mg/ml. After
saturating the plates with PBS containing
1% non-fat milk and washing with PBS,
cells were added in serial dilutions starting
with the appropriate concentrations (usu-
ally, 103 to 106 cells in 100 µl). Plates were
incubated at 37oC for 3 h and the cells were
then lysed by washing with distilled water.
Rabbit anti-mouse IgG, IgM or IgA coupled
to biotin (Sigma) was added and after stand-
ing overnight at 4oC the plates were incu-
bated for 1 h at 37oC with a solution of
streptavidin coupled to alkaline phosphatase
(Sigma). The substrate consisted of a solu-
tion of 2.3 mM 5-bromo-4-chloro-3-indolyl-
phosphate (Sigma) diluted in 2-amino-2-
methyl-1-propanol buffer (Merck) contain-
ing 0.75% low-melting agarose (type 1, low
EEO; Sigma). After a 3-4-h incubation pe-
riod at 37oC, the Ig-secreting cells, visual-
ized as blue spots, were counted, and their
frequency was determined in relation to the
total number of cells added to the well.

SDS-PAGE

Protein electrophoresis was performed
by SDS-PAGE in the presence of mercapto-
ethanol with a 4% stacking gel and 10%
separating acrylamide gel.

Results

As expected, complex protein patterns
were observed after SDS-PAGE of the ex-
tracts (data not shown), and protein integrity
was periodically monitored with this assay.

The ESA was highly reproducible, as

indicated by the same results after 5 to 8
repetitions. The results reported here were
obtained in at least three different experi-
ments. Initially, the frequency of BALB/c
cells secreting anti-self antibodies was de-
termined in total spleen with or without LPS
stimulation. Figure 1 shows that the fre-
quency of antibody-secreting cells recogniz-
ing protein extracts is closely similar for all
organs, and in LPS-stimulated spleen is about
5- to 10-fold higher than that of non-stimu-
lated spleen cells. Only the IgM isotype was
detected. Assays in which the plates were
covered with irrelevant foreign proteins such
as bovine serum albumin or casein showed
that 10% of the cells were of the “sticky”
type (data not shown).

Since extracts from all 8 organs presented
the same results when assayed by ESA, 3 of
them (gut, brain and lung) were selected for
further study. Total IgM-secreting cells in
this assay were detected at frequencies of
2.5% and 11.0% among large and LPS-stim-
ulated small spleen cells, respectively. Anal-
ysis of these cells in BALB/c mice showed
very different frequencies of self-reacting B

Figure 1 - Frequency of BALB/c
total spleen cells secreting anti-
self IgM antibodies without (A)
or with (B) LPS stimulation. Note
that the ordinate of panel A
refers to thousands of cells
plated and panel B refers to
hundreds of cells plated. ¢, Kid-
ney; £, stomach; à, gut; 5 , heart;

, spleen; +, liver; ·, lung;
, brain.
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The spleen of immunized mice presented
a 3-fold increase in the frequency of IgM-
secreting B cells recognizing lung and intes-
tine extract; the results were the same whether
the animals received the protein extract in
CFA or CFA alone (Figure 3).

Frequencies of antibody-secreting cells
reactive with gut, brain and lung extracts
were analyzed in C57BL/6 mice, and did not
differ from those found for BALB/c mice
(data not shown).

Discussion

Evidence has been accumulating which
supports the hypothesis that differentiation
in the immune system is driven by self as
well as foreign antigens, and that this anti-
self reactivity is under control to prevent
autoimmunity (13). Whereas at the T cell
level the presence of anti-self cells has been
demonstrated in several studies (14,15), the
B lymphocyte compartment has been stud-
ied mainly at the antibody level. The pool of
normal serum antibodies, as well as mono-
clonal antibody collections prepared from
normal mice, present extensive autoreactiv-
ity (16,17).

The objective of the present study was to
characterize the B cell compartment at the
cellular level, and the frequency of B lym-
phocytes reacting with self components was
determined by ESA in normal BALB/c and
C57BL/6 mice. In order to obtain a broader
analysis of the reactivity repertoire, protein
extracts from organs, instead of purified an-
tigens were used in the assay. This approach
imposes a limitation in terms of being able to
identify the proteins towards which reactiv-
ity is directed, and the results obtained must
be interpreted in terms of experiments car-
ried out with soluble antibodies of known
specificity. Thus, the results obtained in the
present study represent the cellular counter-
part of studies done at the humoral level.

Closely similar levels of reactivity were
found for all eight organ extracts employed

N
um

be
r 

of
 s

po
ts

70

60

50

40

30

20

10

A

0 10 20 30 40 50

Number of IgM-secreting cells plated (x 10-3)

N
um

be
r 

of
 s

po
ts

120

100

80

40

20

0 2 4 6 8 10

60

0

Number of IgM-secreting cells plated (x 10-3)

B

N
um

be
r 

of
 s

po
ts

20
18
16
14
12
10

0

A

0 1 2 3 4 5
Number of IgM-secreting cells plated (x 10-3)

N
um

be
r 

of
 s

po
ts

30

25

20

10

0
0 1 2 3 4 5

15

5

Number of IgM-secreting cells plated (x 10-3)

B

Figure 2 - Frequency of cells se-
creting IgM antibodies reactive
with self components among
IgM-secreting large (A) and LPS-
stimulated small (B) spleen cells
of BALB/c mice. Note that the
ordinate scales of both panels A
and B refer to thousands of cells
plated. ¢, Gut; £, brain;  à, lung.

Figure 3 - Frequency of cells se-
creting IgM antibodies reactive
with self components among
IgM-secreting spleen cells ob-
tained from mice immunized
with lung extract plus CFA (A) or
CFA alone (B). ¢, Gut;  à, lung.
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cells. As shown in Figure 2, almost 10 times
more cells secreting antibodies recognizing
self components were found among IgM-
secreting small spleen cells than among large
spleen cells.
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in this study. The possibility that this reactiv-
ity could be due only to multispecific, “sticky”
B cells which are present in normal individu-
als (13) was eliminated by experiments which
showed that about 10% of the B cells de-
tected in the assay reacted with unrelated
proteins. Actually, analysis of natural anti-
bodies has shown that even polyreactive an-
tibodies discriminate between the anti-
gens they recognize (18), and that they pres-
ent fine specificity towards a) defined sub-
sets of antigens present in different organ
extracts as well as b) different antigens within
various strains (9). These results suggest that
the basal frequencies of anti-self B cells
detected in the present study, if analyzed for
their fine specificities, should present dis-
criminated profiles for different organ ex-
tracts.

About 1% of total IgM-secreting cells
among small, LPS-stimulated spleen cells
reacted with organ extracts; among large
spleen cells, this frequency was 5-10-fold
lower. The fact that the frequency of self-
recognizing B cells is higher among cells in
the available repertoire than in the actual
repertoire, though disagreeing with some re-
ports (19), is in agreement with several oth-
ers (9,20,21), and represents the result of

selection of the B cell repertoire by self
antigens (13). An alternative explanation for
the lower frequency of positive cells scored
among naturally activated B cells is that
multireactivity has been shown to decrease
with the maturation stage of the B cell popu-
lation analyzed (21).

As expected, immunization induced an
increase in the frequency of IgM-secreting B
cells; the effect is probably of a polyclonal,
multispecific nature, and induced by myco-
bacterial antigens, since the same results
were observed when mice were immunized
with organ extracts and CFA or CFA alone.

Some other studies have been conducted
to investigate the frequency of anti-self B
lymphocytes. Thus, selection of self-react-
ing B cells by proteins such as the F antigen
(12) or heat shock proteins (22) has been
reported in mice. This approach, however, is
restricted to a few antigens. The study re-
ported here, although not permitting the iden-
tification of antigens towards which B lym-
phocytes are directed, provides cellular evi-
dence for the results obtained at the serologi-
cal level. The physiological role of these
self-recognizing cells, as well as their par-
ticipation in autoimmune processes (23), re-
main to be established.
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