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SUBPOPULATIONS OF B LYMPHOCYTES

Leonore A, Herzenberg, Kyoko Hayakawa, ‘
and Richard R, Hardy

Genetics Department Stanford University Medical School
Stanford, California 94305 :
< Translator: Dr. Kyoko Hayakawa >

The key to a better understanding of how the normal
immune system functions, and how disease interferes with
normal function, lies in the development of methods for
identifying, isolating and studying the various lymphocyte sub-
populations that mediate and regulate immune responses.
Lymphocytes, however, tend to be quite similar in size and
physical characteristics, Therefore most of the progress in this
area has been due to the development of immunospecific re-
agents (antiscra and monoclonal antibodics) that detect cell
surface molecules unique to a given lymphocyte subpopula-
tion and of methods with which these reagents ¢an be used to
visualize, deplete or enrich such subpopulations.

Fluorescent-labelled antibodies have proven particularly
useful for these purposes. Studies in the carly 1960°s showed
that half of the lymphocytes in mouse spleen. are can be
“stained” with fluorescein-conjugated antibodies to im-
munoglobulins, These pioneering immunofluorescence studies
defined the immunoglobulin-bearing lymphocyte (B ccll)
population that we now know contains the precursors of anti-
body producing cells. In addition, they revealed the existence
of an immunoglobulin-negative lymphocytc population now
recognizable as the T colls responsible for celi-mediated
immunity and a varicty of immunoregulatory functions,

Over the years, immunofluorescence and cytotoxic deple-
tion studies have dissected the T cell population, first into two

" major subpopulations (helperf/inducer and cytotoxic/sup-
pressor) and subsequently into a scries of smaller subpopula- |

tions that perform different functions and earry unique surface
markess or combinations of surface markers. Similar studies
with B cells, however, have been much less successful, By and
large, B cells have been found to carry the same surface
markers (e.g., IgM, IgD, Ia and ThB in the mouse). Thus,
unlike T cells, B cells have appeared to constitute a relatively
homogencous population containing a small number of cells at
later stages of antigen-stimulated dufcrontmuon (carly
memory, mature memory).

Nevertheless, we have recently been able to define at least
three well-represented B cell subpopulations present in normal
animals. Using immunofluorescence methods to measure the
amounts of various surface markers co-expressed on individual
B cclls, we have shown that the quantitative expression of
certain pairs of markers (¢.g., IgM and IgD) identifies B cells
as belonging to one or another of these subpopulations,

Furthermore, by examining colls taken from spleens or lymph'

nodes in mice of different ages in a variety of normal and im-
munodefective mouse strains; we have shown that each
population has a characteristic distribution that is genetically
controlled and changes as the animal matures,

Mult:parameter FACS Analysxs
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These studies rely on recently developed immuno-
fluorescence technology that permits quantatively-precisc
multiparameter analyses on individual cells stained with
fluorescent-labelled  antibodies specific for cell “surface

- molecules.  Specifically, we employ a Fluorescence Activated

Cell Sorter (FACS) fitted with two independent laser-illumina-

tion und (logartythmic) fluorcscence-detection systems, ong
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for measuring the green fluorescence and one for measuring the
red fluorescence associated with an individual cell; a small-
angle light scatter detection system that reveals cell size; a
separate detector system that allows dead cells stained with
propidium iodide to be “gated out™ of the analysis; and a VAX
computer system that collects, stores and displays FACS mea-
surements (see fig. 1). The staining reagents are all monoclonal
antibodies labelied either with fluorescein to yield green-
fluorescent reagents or with biotin and Texas-Red Avidin to
yield red-fluorescent reagents.

In a typical analysis, we cotlect the fluorescence and scatter
measurements for 30,000 live cells (propidium-iodide ne-
gative) and store the set of measurements for each individual
cell as a unit, This preserves the original information struc-
ture and allows us to extract derived- data (frequencics,
histograms and *“‘contour plots™ for all cells or for cells that
fit within a specified size or fluorescence-brightness range).
The data shown here are for cells that fall within the standard
siz¢ range for lymphocytes (i.e., the majority of monocytes
and some other quite large cells have been excluded from
consideration).

FACS-Defined B Cell Subpopulations

The B cell subpopulations we have defined are visible when
analyses are preformed on mouse spleen or lymph node cells

" stained simultaneously with monoclonal anti-IgM (green) and

monoclonal anti-IgD (red) antibodies. Measured individually,
these surface markers (IgM and IgD) show only that B cclls
are broadly heterogenous with respeet to the amount of
surface lg expressed (sce histogram in fig. 2); however,
measured together they clearly define at least two B cell
subscts resolvable according to the amount of IgM cxpressed
{sce contour plots shown in fig. 2).

The predominant B cell subpopulation (labelled I in the
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diagram in fig. 2), which has rclatively little surface IgM,
expresses intermediate to high levels of surface Igh and con-
stitute  roughly 80 percent of the splenic B cells, This
population s cven more predominant in BALB/C lymph
nodes where it constitutes greater than 9§ pereent of the B
celis (see (i, 3), The rentaining splenie B cells, which oxpross
10 to 100 times more IpM, are further subdivided according Lo
the amount of surface 1gh) expressed (Inbelled 1T and 111) and
the organ localization of the cells. The “high-lgD, high-IgM"
population (I11) constitutes roughly 15 percent of the B cells
in splecn but only 4 percent of the B cells in lymph node. The
“low-IgD” population (IlI) is distinguishable more by its ap-
parent complete absence from lymph node (see fig. 3) than by
any clearcut demarcation in the staining patiern,

Small-angle light scatter measurcments in the FACS, which
provide an index of cell size, further distinguish these popula~
tions. Population I is the major stained component of the
smaller (by scatter) cells; population 11 is found predominantly
among the larger cells; and population 111 is found amongst
cells in an intermediate size range. This scatter difference is
another paramefer which should help in isolating these sub-
populations for usc in functional assays,

Studies withh CBA/N mice improve the resolution of the B
cell subpopulations (see fig, 3). These mice have been shown
“to have an X-linked immunodelicicncy that interferes with
their ability to respond to certain (T-independent) antigens,
Furthermore, as our data show, they have essentially no
detectable population I cells in lymph nodes or spleen, That
is, their splenic B cells consist entirely of “high IgM” popula-
tions and are divided between cells comparable to the cells in
populations 1l and III in BALB/C spleen. In addition, they
have only a few Ig positive cells in their lymph nodes and these
cells are exclusively in the region of population IL Thus, when
population [ is absent from lymph node and consequently does
not obscurg the analysis of the minor B cell populations

present, population 11 dnd 111 are clearly distinguishable on the
bisis of their locations in the 1gM, 1gD fluorescence plots.

Similar multiparameter analyses with pairs of nmonoclonal
reagents detecting other B coll-surfuee markers (0., In and
Thi}) ulso demonstrate churactoristic differences umongst the
subpoputations, Populations 11 and HI, for example have more
Thik than population § while populntion HI (ends to have less
Ia that the other populations. These differences occur in all
mouse strains, including BALB/C and CBA/N,

“The combined data from two color FACS analyses of
spleens and lymph nodes from a variety of mouse strains thus
demonstrate that the heterogeneous expression of IgM and IgD
on the whole B cell population reflects the orderly subdivision
ol these cells into three (vr more) subpopulations, cach with its
own characteristic levels of surface immunoglobulins and other
surface markers,

Ontogcny nnd Function

T L T R -

The ontogenic (prccursor-pro&,cny) relatlomhxps of llmc
subpopulations have yet to be defined. The order of appear-

ance of the subpopulations in developing animals appears to

suggest that population 1 derives from cells in population 1 or
Y, however, this ontological sequence can equally well
represent developmiental control over when particular sub-
populations are permitted to emerge. At present we can state
only that population [ is the last subpopulation to reach
mature levels (frequency stabilizes in 2 month old animals)
(see fig. 4). '

The functional roles of the B cell subpopulations also
remains largely to be discovered. In recent studies, we have
shown that NZB mice (which have an autoimmune defect akin
to Lupus erythematosis in humans) have a large number of
population III cells that also carry a cell surface marker (Lyt-1)
present on all mouse T cells, This marker is also present on

most of the population 11T cells in normal mice; however, the
Lyt-1 bearing population I cells from NZB arc unique in
that they secrete farge amounts of IgM when cultured in vitro
in the absence of exogenousty-added antigen, This cell popula-
ton does nol contain the IgM-seereting antibody producing
cells stimulated by in vivo Immunization with sheep erythro-
cytes. Thus we are intrigued by the possibility that it
represents o manifestation of the autoimmune disease that
oceurs in NZB animals,

Human B Cell Subpop\flations

Human B cells also appear to- be subdivided into three sub-
populations with similar characteristics to those found for the
mouse B cell populations. Our data on human cells are far less
complete and have mainly been gathered from peripheral blood
samples. Nonetheless, as figure 5 shows, staining with mono-
clonal antibodies to (human) IgM and IgD yeilds contour plots
that in many cases are indistinguishable from those obtainced
with mouse cells,
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