
Production of Immunoglobulin Isotypes by Ly- 1 + 

B Cells in Viable Motheaten and Normal Mice 

Almost all B cells in autoimmune mice with the viable motheaten (mev) mutation 
express the Ly-1 cell surface antigen, which marks a minor population of B cells 
constituting a separate lineage in normal mice. Immunoglobulins primarily of the M 
and G3 classes, which in both normal and mev mice contain high levels of lambda light 
chain, are produced in excess in mev mice. These and other observations suggest that 
the development of B cells that express Ly-1 is regulated independently from the 
development of B cells that do not express Ly-1. B cells bearing the Ly-1 surface 
antigen may play speciahd roles in the normal immune system and in autoimmunity 
by regulating other B cells via lymphokines, by p.roducing antibodies to self and certain 
foreign antigens, and by preferentially secreting munoglobulin M and immunoglob- 
ulin G3. 

M ICE HOMOZYGOUS FOR EITHER 

of the autosomal recessive muta- 
tions motheaten (me) or viable 

motheaten (mev) have the most severe auto- 
immune syndromes known in mice, living 
on the average only 22 or 61  days, respec- 
tively (1-3). Sera from these mice contain 
10 tb 20 times the normal concentrations of 
serum immunoglobulin (Ig) and include 
many species of autoantibodies that react 
withvaiious tissues (3 ,4) .  B cell hyperactivi- 
ty in me and mev mice is accompanied by, 
and may be caused by, overproduction of 
two B cell maturation-promoting lympho- 
kines, at least one of which is secreted by B 
cells themselves (4). T o  examine the surface 
phenotype of the lymphokine- and autoanti- 
body-secreting mev B cells, we isolated cells 
from various lymphoid organs of C57BLi6J 
and C57BLi6J-mev mice, doubly stained 
them with antibodies to immunoglobulin M 
(IgM) and with antibodies to IgD, to Ly-1, 
or to Ly-2, and examined them on a fluores- 
cence-activated cell sorter (FACS) . As previ- 

ously described (5-7), the levels of mem- 
brane-bound IgM, IgD, and Ly-1 distin- 
guish several populations of B cells in nor- 
mal mice. Staining with antibody to Ly-2 
(anti-Ly-2), which has not been detected on 
B cells, serves as a negative control for Ly-1 
staining, since the latter is much weaker on 
B than on T cells. 

Figure 1 shows the results of such stain- 
ing, presented as contour plots of the distri- 
bution of cells with different amounts of 
various combinations of markers. In young 
adult control mice, two populations of B 
cells (those with high IgM, low IgD, and 
detectable Ly-1, and those with low IgM, 
high IgD, and no detectable Ly-1) were 
seen in the peritoneum in approximately 
equal numbers. Control spleens had relative- 
ly few, and control lymph nodes almost 
none, of the B cell population marked by 
high IgM, low IgD, and detectable Ly- 1. In 
contrast, nearly all B cells of age-matched 
mev mice, from all three organs, had the 
high IgM, low IgD, detectable Ly-1 surface 

Table 1. Serum immunoglobulin levels. Values represent geometric means (standard error of the 
(K + A )  X 100. 

phenotype. The regions of the staining pat- 
terns that represent the two B cell popula- 
tions are shown in Fig. 1 by hatched and 
solid lines. Most of the mev B cells are 
judged to express Ly- 1 because, although 
the distribution of Ly-1 staining of mev B 
cells partially overlaps the range of control 
Ly-2 staining, most mev B cells show Ly-1 
staining clearly above the level of Ly-2 stain- 
ing, and few, if any, show the absence of 
staining that leads to an accumulation of 
cells represented near the x-axis, as is seen 
with non-mev tissues. Since mev organs con- 
tain approximately the same total number of 
B cells as their control counterparts (8), mev 
mice show significant increases in the abso- 
lute number of B cells bearing the Ly-1 
antigen (Ly-1') and significant decreases in 
the absolute number of B cells without this 
antigen (Ly-1-) in all organs, as compared 
to their numbers in age-matched control 
mice. 

The immunoglobulins from normal and 
mev mice were quantitated with enzyme- 
linked immunosorbent assays (ELISA) with 
antibodies to heavy (H) chains as the first 
layer and enzyme-conjugated antibodies to 
light (L) chains as the second and develop- 
ing layer. These antibodies were produced 
and rendered specific by immunization of 
goats with purified myeloma and hybridoma 
products, passage over columns containing 
immunoglobulins of other isotypes, and 
positive adsorptions to t-uvo columns of 
immunoglobulins different from the irnmu- 
nizing antigens but of the desired isotype. 
All reagents showed less than 1 percent 
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mean) for 6 to 15 animals per group. %A = A/ 
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Age 
Serum immunoglobulin (pgiml) 

of nuce 
(months) 

L 
cham IgM IgG3 IgG 1 IgG2b IgG2a IgA Total 

mev mice 
3325 (1.4) 425 (1.5) 
1018 (1.3) 132 (1.3) 

23 24 

Control mice 
185 (1.1) 352 (1.2) 
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cross-reactivity to nontarget isotypes. The 
antibody to lambda L chain reacted with 
both lambda-1 and lambda-2. Concentra- 
tions of IgM and IgG3 in serum from meV 
mice were 50 and 20 times greater, respec- 
tively, than those in serum from control age- 
matched (littermate) mice, but concentra- 
tions of IgG1, IgG2b, IgG2a, and IgA were 
only 1.4 to 10 times greater than those in 
controls (Table 1).  All classes of immuno- 
globulins from meV mice, and IgM and IgG3 
from age-matched control animals, con- 
tained two to five times as much lambda 
relative to total L chains as did the other H 
chain isotypes (IgG1, IgG2b, IgG2a, and 
IgA) of normal C57BL/6J mice. The partic- 
ularly high level of lambda L chains in the 
IgM and IgG3 classes of normal mice disap- 
peared as the animals aged. 

On the basis of cell transfer experiments, 
Ly-1' and Ly-1- B cells are thought to 
represent distinct cell lineages; allotype- 
marked peritoneal cells injected into irradi- 
ated allotype-congenic mice develop exclu- 
sively into Ly-1' B cells, whereas similarly 
injected adult bone marrow gives rise only 
to Ly- 1- B cells (6). Our data indicate that 
severely autoimmune meV mice have primar- 
ily one of these two major B cell lineages. 
Even though the mechanism whereby meV 
mice express mainly the Ly- 1 + B cell subset 
is not yet understood, the finding suggests 
the independent and essentially exclusive 
development of the Ly-1' B cell subset in 
the autoimmune meV mutant mouse strain. 
An alternative possibility, that a large num- 
ber of Ly-1- B cells were present at some 
stage of meV life history but have been 
eliminated, cannot be formally ruled out at 
this time but is considered unlikely because 
of the lack of clearly detectable meV Ly-1- 
B cells in any organ examined, and the strik- 
ing increase in the absolute number of meV 
Ly-l+ B cells even in organs such as lymph 
nodes that do not normally contain appre- 
ciable numbers of such cells. 

Fig. 1. Two-color FACS analysis of cell surface 
phenotypes from a pair of 6-week-old littermate 
C57BLl6J-+I- and C57BLl6J-mevlmev mice. 
Data are presented as computer-generated proba- 
bility contours that show the likelihood offinding 
cells with given intensities of staining for various 
cell surface antigens. [See (6) for details of reagent 
preparation and staining procedures.] Because of 
the somewhat greater background staining of mev 
cells with anti-IgM (due, for example, to nonspe- 
cific stickiness, or to cytophilic or specifically 
bound antibody), IgM staining was considered 
significant when it was greater than 1.5 (linear) 
units for control cell populations and greater than 
3.0 (linear) units for mev cells. Ly-1 staining of B 
cells was considered significant when it was above 
the level of Ly-2 staining. In all cell populations, 
two main B cell subsets are indicated as (-) 
high IgM, low IgD, and Ly-lf and (---) low 
IgM, high IgD, and Ly-1-. 
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These experiments identify two parame- 
ters that distinguish IgM and IgG3 from the 
other immunoglobulin isotypes: IgM and 
IgG3 are found in the highest concentra- 
tions in mev mice, and in both mev and age- 
matched control mice, these immunoglob- 
ulins show unexpectedly high levels of lamb- 
da L chain expression. (The pattern of ini- 
tially higher but later decreasing levels of 
lambda L chain expression in IgM and 
IgG3, as compared with other isotypes of 
serum immunoglobulin, has been investigat- 
ed and confirmed in the CBAiCaJ strain, in 
addition to C57BL16J.) We hypothesize 
that the IgM and IgG3 classes, and lambda 
L chains, may preferentially arise from the 
Ly-1' B cell subset. This suggestion, how- 
ever, applies only to the immunoglobulins 
secreted from B cells and not to cell surface 
immunoglobulins. The representation of 
different H (9) and L (10) chains in serum 
does not necessarily correlate with their 
expression on the B cell surface. Increased 
expression of lambda L chains by immature 
B and pre-B cells has been reported (11, 12) 
but not confirmed (13-1 6). One reason why 
previous workers (1 0, 16) have not reported 
higher levels of lambda-containing immuno- 
globulins may be that they examined total 
serum immunoglobulin rather than specific 
isotypes. A second reason may be that the 
decline in the proportion of lambda in IgM 
and IgG3 and the increase in the levels of 
predominantly kappa-containing IgG1, 
IgG2b, IgG2a, and IgA, both of which 
occur gradually over several years in our 
mouse colony, may depend on the level of 
antigenic stimulation and may occur more 
rapidly or to a greater extent in other colo- 
nies. 

Mice of the CBNN strain, carrying the 
xid gene (17), show a pattern opposite to 
that demonstrated here for mev mice. CBAi 
N mice have essentially no Ly- 1 + B cells (5) 
and are markedly deficient in background 
and induced IgM, IgG3, and lambda-con- 
taining antibodies (1 0, 17-19). 

Ly-1' B cells may have several distinctive 
roles in the immune svstem. We have de- 
scribed two lymphokines from mev mice that 
potentiate the maturation of normal and 
certain tumor B cells to active immunoglob- 
ulin secretion (4, 20); at least one of these , ,  ,, 

lymphokines is produced by the mev Ly-1' 
B cells themselves (4). Others have reported 
the production of lymphokines (21 ), and the 
regulation of specific antibody responses 
(22, 23), by Ly- 1' B cells. In NZB mice, 
most of the autoantibody-producing cells 
are Ly-1' (24), whereas in normal mice, 
some antigens (polysaccharides, for exam- 
ple) induce mainly IgM and IgG3 responses 
(19, 25). These IgM and IgG3 antibody 
responses are greatly reduced in CBAiN 
mice (1 0, 18,26-28) but are among the few 
responses detectable in mev mice (8). Back- 
ground antibody-secreting cells in the 
lymph nodes of normal mice are almost 
totally eliminated by antigen deprivation, 
whereas those in the sple& are essentially 
unaffected (29, 30). I t  has been suggested 
that B cells with lambda L chains and those 
with kappa L chains differ in their triggering 
requirements for antibody formation (10, 
31-33) and in their representation in certain 
classes of tumors (34-36). Underlying all of 
these observations may be the distinctive 
properties of Ly-1 + as opposed to Ly-1 - B 
cells, including a preference for IgM, IgG3, 
and lambda L chain production, differential 
triggering requirements, and the release of 
imrnunoregulatory Iymphokines. 

-- - 
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