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Two-color immunofluorescence studies using monoclonal antibodi i
for IgM" and IgD.? labeled respectively with fluogrescein and “Texl:soglee;"s(iegle%
rgd-ﬂyorescent dye), reveal several previously unrecognized B-cell subpopula-
tions in spleen and lymph node. Measured individually, these surface marker
(1gM and IgD) show only that B-cells are broadly heterogenous with respect to ths
amount of surface Ig expressed; however, measured simultaneously with ;
dual-laser Fluorescence Activated Cell Sorter (FACS) the correlated expressi ]
of these B-cell surface markers defines three B-cell subpopulations. "

FIGURE 1 compares two displays of the IgM-IgD staining pattern for sple
cells from a one month old NZB/] mouse. Panel (a) shows a linear-linear dir; len
of. the datq wh_lle pane;l (b} presents data from the same cells analyzed insﬁa:g
;A/K?+logar1{hm1c amplifiers. The log-log display shows clearly that the brightest
gV ce]}s mcl.ude many IgD* cells and that the bright IgD" population is IgM*
For the linear illustration if we chose a gain for Texas Red low enough to ke .
most of_lhe brighter IgD" cells on scale, then the majority of IgM* cells appearell;
be IgD", whereas at a higher linear gain (not illustrated) many of these can be
seen to be IgD*. Similarly, if the fluorescein-IgM gain is chosen so as to keep most
of the IgM” cel.ls on scale, then this gives the impression of a large IgD", IgM~
population which again is an artifact of the particular linear gain settings
e;r;s]oyed.](glzreful apalysis by specialists of data taken at several pairs of linegr
%ronf}t]::lllog-lsgrgggl!;ey‘,i to reach conclusions that are ?pvious to the uninitiated

The IgM-IgD subpopulations defined by our studies are diagra
matically in FIGURE 2a. One of these populations (I}, which is greglorrr;ei?xafg‘?n
sp.legn apd constitutes the overwhelming majority of B-cells in lymph nodes, is
missing in CBA/N (Xid) mice known to be deficient with respect to their B-cell
immune responses.’ This population, which is relatively low in IgM and interme-
%l}?te in IgD, clear.ly ghows a.positively correlated expression of these markers.

e other population is }ugh in IgM but quite heterogeneous with respect to IgD
}e\l/jels. lI)t appears tha} this latter population is further divided into bright and dull
lgmps}l: n;;c:j;:;'lanons (11 and I1I) on the basis of differences between spleen and

We have carried out an extensive IgM-IgD staining sur i
cell populations from different straini, aggs, and orians?%gfﬁﬁugzslgrrinb%h?}ﬁ

*This work was supported in part by NIH Grants A[-01287, CA-04681 and GM-17367.
112

0077 -R923/82/0399-0112 $01.75/0 « 1982, NYAS

Hardy et al.: B-Cell Subpopulations 113

studies in detail elsewhere; however, the highlights are summarized in FIGURES 2,
3 and 4. FIGURE 3 presents the organ distribution of the three subpopulations and
simultaneously illustrates the CBA/N defect. FIGURE 4 shows that population I is
the last subpopulation to appear during ontogeny in the spleen. Finally, FIGURE 2
(b-f} demonstrates that there are genetically controlled differences in the mature
levels of population I with BALB/c showing the low phenotype and CBA
(characteristic of the high) showing approximately twice the number in this
subpopulation. Organ and strain variation of the three populations are summa-
rized in TABLE 1.

Two-color staining with monoclonal antibodies specific for ThB* and for a
subset of splenic B-cells has yielded further information regarding the subpopula-
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FIGURE 1. A comparison of IgM-IgD two-color immunofluorescence displayed as linear-
linear (a} or log-lag (b) contour plots. One month NZB/] spleen cells {10°) were stained with
0.5 micrograms of fluorescein-labeled monoclonal rat anli-IgM! and 0.5 micrograms of
biotinated monoclonal mouse anti-1gD? in 100 microliters of biotin-free RPMI-1640 contain-
ing 10 mM HEPES buffer, 0.1% sodium azide. and 3% newborn calf serum for 30 minutes of
0° C. Cells were washed three times with RPMI and stained with one microgram of Texas
Red-avidin in 50 microliters of RPMI for 30 minutes at 0° C. Cells were washed three times
with RPMI, resuspended in 300 microliters of the same buffer and analyzed on the
dual-laser FACS equipped with both linear and logarithmic amplifiers. To permit subse-
quent analyses, “Jist-mode"’ data recording the scatter and two fluorescence measurements
for each cell were collected on 30,000 cells using a VAX 11/780 computer.

tions described above. Previous single parameter staining with the monoclonal
anti-ThB divided mouse strains into bright for “high") and dull (or “low”) for this
marker?® Furthermore, ThB expression on B-cells was shown to be under
autosomal co-dominant control so that an F1 hybrid of a “high” and a “low" was
“intermediate.” Two parameter staining of ThB and IgM illustrated in FIGURE 5 {a

and b) shows that most of this variation occurs in the 1gM dull population (I} with

the IgM bright populations remaining uniformly high for ThB. Another mono-

clonal antibody previously shown to stain spleen cells weakly ("E2"')° stains only

the high IgM populations (1l and 111} as shown in FIGURE S {c and d}.
FIGURE 6 presents Ia expression on these populations which was examined
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FIGURE 2. {a) A schematic diagram of the B-cell subpopulations defined by IgM-IgD
immunofluorescence staining. (b-f) There are two levels at which population II occurs
depending on strain. BALB/c and BALB.K are low {b. c}, while SJA, CBA and C57BL/6 are
high (d-f).
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FIGURE 5. (a-b) The major differences between ThB high and low strains is due to a
difference in surface density on population I. S]JL is a high strain (a) and BALB/c is a low
strain (b). (c-d) E2 is a surface antigen found only on populations II and I1I; that is, it is found
on all bright-IgM cells (c}, but on IgD cells with widely varying surface density {d).

lymphomas expressing Lyt-1 and IgM."? Two-color staining of a number of
different mouse strains consistently showed 1-2% of spleen cells with this
phenotype, but the most impressive demonstration of its presence is in NZB mice
which have 5-10%. These mice also have an unusual IgM/IgD profile with many
more population 111 cells and many fewer population 1I cells compared to similar
high-IgM strains. The cells lack Thy-1 and Lyt-2 which is consistent with the
phenotype described in the in vitro assay (K. Okumura, K. Hayakawa and T.
Tada, manuscript in preparation). Whatever role these cells might play in the
well-known autoimmune disorder of NZB mice™ is speculative at presentand can
be investigated using sorted cells.
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using a monoclonal antibody specific for Ta of k, specificity 2.° Staining Ha!b.K
spleen showed only slight variation of la density among the three populations
with greater heterogeneity in the high-1gM populations. Staining CBA/N spleen
simplified the situation by eliminating population I (high-la) and clearly showed
that population 111 expresses reduced amounts of Ia compared to the other two
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FIGURE 4. Population I appears late in spleen ontogeny. BALB/c spleen: (a) 1-4 days; (b)
1-2 weeks; {c) 1 month; (d) 2 months or older.

populations. The relative expression of several surface antigens on the three
populations is summarized in TABLE 2.

Functional distinctions of these three subpopulations are at present unknown,
but the immune defects of CBA/N mice certainly suggest that they may be
functionally distinguishable. CBA/N mice {which lack population I have low
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TabLE 1
PERCENTAGES OF CELLS IN IGM/IGD-DEFINED B-CELL SUBPOPULATIONS®

Strain Organ [ 11 111
BALB/c Spleen 40 8 2
Lymph node 20 2 <1

CBA Spleen 30 17 3
Lymph node 18 5 <1

CBA/N Spleen ° 4t 16 8
Lymph node <1 4 <1

NZB/N Spleen 27 9 7
Lymph node 15 2 <1

*CBA/N mice lack the major B-cell subpopulation found in spleen and lymph nodes in
normal mice. NZB mice, on the other hand have an elevated level of population III
compared to normal mice. Data show the percentages of total spleen or lymph node cells
present in the B-cell subpopulations shown in FIGURE 2a. Percentages for populations [ and
II may be in error by as much as five percent in the BALB/c, CBA and NZB determinations
due to overlap between these populations. Subpopulations defined by 2-color FACS
analysis shown in FIGURE 2.

+This figure (4% is attributable to overlap from population IL

serum levels of IgM and IgG3,” have reduced numbers of splenic B-cells’ are
unable to respond to type II thymus independent antigens (eg.. TNP-ficoll).’ and
lack a B-cell surface antigen known as Lyb-3." It is templing to speculate that
these deficiencies are all due to the lack of population I, however preliminary
data indicate that the CBA/N B-cells in populations II and III are defective in
some respects compared to cells in these populations from normal mice. This
points out a clear danger in considering CBA/N B-cells as normal CBA B-cells
minus a subpopulation of cells.

Population I11 is very unusual because at least some cells in this subpopulation
express the T-cell antigen Lyt-1 {see FIGURE 1). One of us (K.H. previously
detected a cell with this phenotype {Ig+.Lyt-1+) in an in vitro antibody formation
assay" and previous single fluorescence staining has demonstrated mouse B-

TABLE 2

LEVEL OF EXPRESSION OF SEVERAL CELL SURFACE ANTIGENS
ON THE IGM-IGD DEFINED SUBPOPULATIONS™

Surface Marker I Il I
IgM 1-50 100 100
IgD 50-100 100 10
Ia 100 100 50
ThB 1-50;50% 100 100
E2 <10 100 100
Lyt-1t <1 <1 10

*The three populations are quite heterogenous in their surface phenotypes for a number
of cell surface antigens. The surface densities are normalized separately for each antigen.

+Density relative to average Lyt-1 density on T-cells.

tDepending on ThB(low) or ThB(high} strain.
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