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Although much had still to be learned, evidence indicating that B-1a lymphocytes very likely belonged to a distinct
lineage was largely in place by the time of the first large B-1a conference in 1991. The widely respected group of
immunologists attending that meeting (including Tasuko Honjo and Klaus Rajewsky) developed and ultimately
published the B-1a notation still in use today. Here, I briefly review some of the early B-1a findings that underlie
current studies. I close with a brief summary of recent studies, mainly from my laboratory, showing that the
hematopoietic stem cell (HSC) we all know and love as the origin of the cells that populate the adult lymphoid and
myeloid system today is nonetheless not the origin of the B-1a lymphocytes with which most of us work today.
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Introduction

Kyoko Hayakawa discovered CD5+ B cells shortly
before coming to our laboratory in the early 1980s.1,2

Working with Tomio Tada and his colleagues in
Chiba University (Japan), Kyoko recognized that a
rare B cell sensitive to killing with anti-CD5 plus
complement played a key role in the carrier-specific
suppression of antibody responses that Dr. Tada’s
laboratory had discovered. On arriving at Stanford,
Kyoko wanted to continue her work with this mys-
terious CD5+ B cell. However, she was also excited
about joining Randy Hardy and David Parks in
putting David’s newly built dual-laser fluorescence-
activated cell sorter to work on biologically relevant
problems. Merging the two projects, Kyoko argued
successfully for regular inclusion of anti-CD5 in
stain sets designed to detect splenic B cells, and
was regularly, if minimally, rewarded by the reg-
ular detection of a vanishingly small B cell subset
that expressed IgM together with very low levels of
CD5.

The next break (to my recollection) came when
Anne Cooke, who was visiting from London, sug-
gested that we look for the CD5+ B cells among the

lymphocytes in the mouse peritoneal cavity (PerC)
and, in particular, that we look in the PerC from NZB
and related mouse strains. The rest, as they say, is his-
tory. By finding rich sources of B-1a cells (hereafter,
“B-1a”), we were able to phenotypically character-
ize these unusual B cells; and by recognizing them
in well-known autoimmune mice, we and others
were able to link them to autoantibody and natural
antibody production. Additional studies introduced
B-1a as players in genetically controlled murine
immune deficiencies, and evidence demonstrating
CD5 expression on mouse neoplasms introduced
B-1a as sources of some of the well-known murine B
lymphomas. Finally, the demonstration that human
B-CLL commonly express CD5 opened the question
of whether/how B-1a play a role in the human B cell
economy.

Although much had still to be learned, these sem-
inal findings were largely in place by the time of
the first large B-1a meeting, which took place in
1991 in Florida and was supported by the New York
Academy of Sciences.3 Attended by a large commu-
nity of investigators, the meeting met in plenary
session to decide on a commonly acceptable termi-
nology (B-1a, B-1b, B-2), which was agreed upon
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and reported by a long lista of signers in Immunology
Today,3,4 a periodical that was widely read at the
time. The proceedings of the meeting, published in
Annals New York Academy of Sciences,3 present an
extensive snapshot of B-1a properties at the time
and served, much as we expect this current volume
to serve, as a contemporary but long-lived resource
for those interested in mouse and human B cells in
biology and medicine.

B-1a today

One cannot help but wonder about the more than
20-year gap between the first B-1a meeting and the
second one, which occurred June 16–19, 2014 in
New York. There is no simple answer to why this
hiatus occurred. In part, it occurred because B cells
studies, particularly B-1a studies, basically went out
of fashion, and funding followed investigator move-
ment into other areas (or vice versa). Sadly, how-
ever, there is also good reason to believe that fear of
controversy, particularly in times of weak funding,
drove many laboratories away.

Admittedly, the idea that B-1a belong to a dis-
tinct developmental lineage was, and for some still
is, anathema. However, the evidence favoring some
form of a dual (or multiple) lineage model has con-
tinued to grow, as has the number of investigators
open to considering or adopting it in some form.

Crafting these opening remarks for the 2014 B-1
cell conference has proven a daunting task, given
all of the “water that has flowed under the bridge”
since the 1991 conference. However, with the license
granted to those who introduce conferences and are
charged with providing a 20,000 foot view of the
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past, present, and future, I will venture a brief cre-
ative and somewhat personal view of B-1a develop-
mental and functional mechanisms. Hopefully, this
message will help to initiate a much greater exchange
of ideas on how the immune system evolved, how
it operates, and the role(s) that B-1a and other cells
play in the immune system as a whole.

Layered evolution as a formative force
in the mammalian immune system

In an invited mini-review published in Cell in
1989,5 we (Len Herzenberg and I) suggested that
the progressive evolution of the immune system is
“recorded” in the developmentally and functionally
distinct B cells that together populate and constitute
the B cell compartments in the mouse. At the time
(and for some years thereafter), the idea that B-1a
and B-2 cells do not both descend from the typical
hematopoietic stem cell (HSC) in adult bone mar-
row was clearly heretical. But perhaps surprisingly
to those who initially dismissed this model, evi-
dence that continued to accumulate over the years
has proven remarkably consistent with the dual-
lineage concept.6–18 Today, some 25 years later, our
recent single HSC transfer studies have directly and
unequivocally demonstrated that HSCs sorted from
adult bone marrow (BM HSCs) give rise to B-2 but
not B-1a in adoptive recipients.14

At present, several laboratories (including our
own) are actively working to determine when B-1a
and B-2 progenitors diverge. Preliminary studies
trace this lineage separation to early embryonic/fetal
life, showing that some time before development of
the 10-day old fetus, progenitors for B-1a split from
the pathway that gives rise to HSCs. These findings
are quite consistent with IgH sequencing evidence
demonstrating that B-1a and B-2 preimmune IgH
repertoires are quite distinct,6 as are the cytokine
profiles expressed by B-1a and B-2 cells.19

The antibodies that B-1a produce also tend to tar-
get different antigens than the antibodies produced
by B-2 cells. In addition, the kinetics and other prop-
erties of the responses also tend to be quite dif-
ferent. B-2 cells produce the classical T-dependent
and germinal center–dependent IgM and high-
affinity IgG antibody responses that text books com-
monly treat as indicative of all antigen-stimulated
antibody responses. B-1a, in contrast, are well
known as producers of so-called natural antibody
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“responses,” which initiate during fetal or neonatal
life and are detectable in serum as long-term “con-
stitutive” IgM and/or IgG antibodies that react with
self and/or microbial antigens.

B-1a, however, are not restricted to produc-
ing natural antibodies. They are well known to
produce antigen-stimulated IgM and IgG anti-
body responses to certain antigens, including
T-dependent and T-independent responses to phos-
phorylcholine, depending on the form in which
the antigen is presented. In addition, they can be
induced to produce antibodies specific for widely
disparate antigens, for example, influenza virus20

and the dinitrophenyl hapten,1,2 particularly when
presented on a bacterial carrier (e.g., Brucella
abortus).

Our recent studies (led by Yang Yang)21–23 show
that a glycolipid (FtL) isolated from the Francisella
tularensis live vaccine strain (Ft LVS) readily stim-
ulates B-1a to produce IgM and IgG antibodies
that are reactive with the immunizing antigen. B-2
cells, in contrast, do not produce detectable anti-FtL
responses.

FtL immunization also induces long-term protec-
tion against lethal infection with Ft LVS.21–23 This
includes the generation of B-1a FtL-specific mem-
ory cells capable of producing IgM and IgG antibody
responses.22 The memory cells are induced in the
spleen but migrate very rapidly to the PerC, where
they remain for the life of the animal, migrating back
to the spleen and generating antibody responses
only when the animal is restimulated with the prim-
ing antigen under appropriate conditions.21–23

The kinetics of the B-1a anti-FtL response in
serum clearly distinguishes it from typical antigen-
stimulated B-2 primary and memory responses. FtL
priming induces a brief burst of anti-FtL produc-
tion, mainly IgM, but including some IgG. The
antibody responses peak about 7 days after immu-
nization, after which serum anti-FtL titers begin to
fall. By day 21, serum anti-FtL titers settle at a very
low level that nonetheless remains clearly above the
background levels of nonimmunized mice. These
low levels persist for the rest of the life of the immu-
nized animal without subsequent boosting.

Curiously, priming with FtL plus adjuvant is less
effective than priming with the FtL alone. How-
ever, boosting with FtL plus adjuvant is required
to induce detectable secondary anti-FtL responses
in serum.21–23 But do not be fooled; despite this
minimal serum antibody response to boosting with

FtL alone, the primed animals remain resistant for
life to lethal infection with the pathogen.

To summarize: unlike antigens that target B-2
cells, antigens that target B-1a, such as the Ft LVS gly-
colipid, obey different rules. Thus, priming with Ft
LVS, together with adjuvant, decreases the antibody
response relative to priming with antigen alone.
Even more importantly, boosting with the anti-
gen alone induces rapid division of antigen-specific
B-1a memory in the PerC (their normal reser-
voir), but does not induce their migration to spleen,
where they can differentiate to specific antibody-
producing plasma cells. To induce the secondary
antibody production, the animal must be stimu-
lated with the antigen together with adjuvant. Thus,
if the secondary antigenic stimulation is not accom-
panied by adjuvant, the antibody titer in serum will
not rise, and the priming by the vaccine or antigen
under test will appear to have been unsuccessful.

Vaccine development
Our findings with Ft LVS glycolipid immuniz-
ation21–23 clearly have very important implications
for vaccine development strategies. Current theory
takes the view that the adequacy of priming with
a pathogen-derived antigen (usually plus adjuvant)
will be reported by the secondary antibody response
produced following a typical boost (soluble antigen,
no adjuvant) with the antigen. This strategy would
completely fail to demonstrate that priming with
FtL induced long-term protective immunity to the
antigen.

I cannot help but wonder whether the curious
properties of B-1a responses have not confounded
many studies in which investigators assumed, in
accord with prevailing views, that it is safe to extrap-
olate from what is known about B-2 cell responses
to define expectations for responses produced by
B-1a. How many potential vaccines have been
rejected owing to testing with a strategy that was
inadvertently, but nonetheless inappropriately, tai-
lored to reveal responses to antigens that stimulate
B-2 rather than B-1a responses? And how many
lives could we save by extending vaccine screening
methods to include protocols that would trigger and
reveal memory responses produced by B-1a?

Regenerative medicine
While we are considering how attention to B-1a
functions might impact important treatment
protocols, perhaps we should be thinking about
regenerative medicine and use of BM HSCs to
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Figure 1. Multilineage model of B cell development—ca. 1990. This early B cell development model has held up pretty well. At
the time, we envisioned B-2 cells as arising from HSCs, and B-1a and B-1b cells as distinct lineages arising early from unknown
stem or other cells. Current data are consistent with this construction except for B-1b cells, which our latest data indicate are at
least partially derived from HSCs.

replenish elements of a therapy-depleted lymphoid
compartment. Studies from our laboratory (notably
by Eliver Ghosn) and elsewhere have shown that
although murine HSCs isolated from adult sources
readily replenish B-2 cells in a lymphoid-depleted
animal, they fail restore B-1a,13,14,16–18 which are
among the earliest lymphoid cells to appear and
are largely known thus far to mainly be replenished
by progenitors (stem cells?) obtained from fetal or
neonatal sources.

These findings, which lay the groundwork for
full identification and medical utilization of B-1a
as a separate lymphoid lineage with distinctive lym-
phoid functions, will be the focus of publications
that can be expected in the next year or two. For
now, they remain “a gleam in my eye,” the fruition
of a dream to which Len and I and the 1991 B-1a
conference gave voice years ago (Fig. 1), and the
fascination of the future that we collectively in the
B cell community will build in years to come.
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