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on the basis of discrete cell surface molecules,

other than those (T cell receptors) deputed to
the specific recognition of antigen. Combinations of
these molecules define function-related phenotypes of
T cell subsets. In contrast, the B cell repertoire has long
been regarded as a homogeneous pool of lymphocyte
clones which are identical in all respects except for the
unique specificity of the antibodies they produce (1). A
novel and discrete (CD5*) B lymphocyte subset, how-
ever, has recently been identified. CD5* B cells are
committed to the production of antibodies, mainly
immunoglobulin (Ig) M, binding a variety of self and
foreign antigens, including soluble protein molecules,
single-stranded DNA (ssDNA), and cellular compo-
nents, as well as bacterial components and products
(polyreactive antibodies) (2, 3). The polyreactivity of
these antibodies contrasts with the monoreactivity and
specificity of the high affinity antibodies, mainly IgG,
elicited in the course of an immune response to a
foreign antigen. Most likely, these polyreactive antibod-
ies identify with the class of Ig termed “natural anti-
bodies.” Owing to the anti-self reactivity of the antibod-
ies they produce, it has been postulated that CD5* B
cells may, under certain circumstances, play a role in
the establishment of autoimmune phenomena. More-
over, these lymphocytes constitute the cellular elements
characteristic of at least one important human B cell
neoplasm, chronic lymphocytic leukemia (CLL), the
most common adult leukemia in Western societies. In
the present review, we will (i) discuss the phenotypic
and ontogenic features of CD5* B cells; (ii) consider
the characteristics of the antibodies produced by CD5*

Various T lymphocyte subsets can be segregated
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B cells and their expressed variable (V) gene segments;
(iii} delineate the possible role of CD5* B lymphocytes
in the normal B cell repertoire and in autoimmune
patients; and (iv) speculate on the contribution of CD5*
B cells to the specific antibody response elicited by a
defined antigen. Much of the information presented
here is directly derived from our experimental findings
in the human. Data from studies of murine Ly-1*
(CD5™) B cells will be discussed when they complement
or are at variance with information gained in human
studies. We refer the reader to some recent and thor-
ough reviews for a more comprehensive discussion of
murine CD5* B cells (4-7).

Phenotype, Distribution, and Ontogeny of CD5* B
Cells

The CD5 Molecule and Identification of CD5* B
Cells. The CD5 molecule (T1, Leu 1) is a 67-kDa
transmembrane glycoprotein (8, 9). Its complete amino
acid sequence has been deduced from the nucleotide
sequence of complementary DNA clones constructed
using human T cell mRNA, and shown to be similar
(63% identical) to the deduced amino acid sequence of
the murine pan-T cell molecule, Ly-1 (10). The pre-
dicted secondary structures of the human and murine
CD5 molecules display features common to many
growth factor receptors, including a high cysteine con-
tent in the extracellular domain and a large cytoplasmic
region (8, 10). The carboxy-terminal regions (cyto-
plasmic domain) of the murine and human CD35 pro-
teins are 90% identical (10) and include a potential
tyrosine phosphorylation site (8, 10). Although CD5 is
found on all T cells, its level of expression varies among
T lymphocyte subsets (11) and is modulated during
cellular activation (12). CD5 may be involved in T cell
proliferative responses to antigenic or mitogenic stimuli
(12), as suggested by the ability of anti-CD35 monoclonal
antibodies (mAb) to enhance signal transduction by the
CD3-T cell receptor complex (13, 14). The CDS5 antigen
found on the surface of B cells is immunologically cross-

reactive with the CD5 molecule expressed on T cells,
and displays a similar molecular weight (15). Moreover,



CD35-specific cDNA synthesized using mRNA from a
T cell tumor line efficiently cross-hybridizes with
mRNA extracted from phorbol myristate acetate-acti-
vated human B cells (15).

Among human cells of the B lineage, CD5 was first
identified on the surface of circulating B cells from
patients with CLL (16-19). The search for expression
of CDS5 on normal B lymphocytes led to the definition
of the novel CD5™ B cell subset in healthy subjects (20,
21), which is thought to represent the physiological
equivalent of the neoplastic CD5* CLL B cell (22).
CD5™ B cells express no other surface markers typical
of T cells, including CD3, CD4, or CD8 (17), but they
do express all the typical B cell surface antigens, includ-
ing CD19, CD20, and CD21 (23, 24). In contrast to
their CD5™ counterparts, CD5" B cells express the
surface C3b; receptor, CD11b (Mac-1), a marker char-
acteristic of cells of the myelomonocytic lineage (24,
25). Human CD5* and CD35~ B lymphocytes do not
differ in expression of c€ll surface IgM and IgD, al-
though reduced expression of these molecules has been
found in some CD35* CLL B cells (26). Most human
CD5" B cells form rosettes with mouse red blood cells
(MRBC) (21). Murine CD5* B cells display most of the
features of their human equivalents (24), except for
their characteristically higher surface expression of IgM
and lower IgD as compared to their CD5~ counterparts
(27).

CDs5 is expressed at a much lower level on B cells
than on T cells (5, 20, 24, 26-30). In fact, using a B
cell-specific mouse mAb (anti-CD20) and a mouse mAb
to CD5 in dual fluorescence flow cytometric analysis,
CD35* B lymphocytes can be identified, but not com-
pletely resolved, as a cell fraction separate from the
remaining (CD57) B lymphocytes (Fig. 1, panel A).
Therefore, among B lymphocytes, CD5* B cells are
conventionally defined as those cells that bind CD3-
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specific mAb, but do not bind isotype-matched mAb
controls with irrelevant specificity (28).

Various agents influence the level of surface CD5
expression on human B cells. B cell activation induced
by treatment with phorbol myristate acetate (15, 31-
33) or exposure to T cell supernatant (34) results in
enhanced CD35 expression, leading to the suggestion
that CD5 is an activation marker (35, 36). However,
treatment of B cells with anti-IgM antibodies or bacte-
rial lipopolysaccharides, two potent B cell activators,
does not result in increased CDS5 expression (4, 15, 31).
Furthermore, human CD5* B cell proliferation induced
by IL-4 (18, 23) or Epstein-Barr virus (EBV) (35, 37) is
consistently associated with a decrease in expression of
the surface CD5 molecule, possibly due to a block in
the transcription of the CDS5 gene (15, 35). In our hands,
only a minor proportion (less than 5%) of freshly
prepared CD5* B cells display the features of activated
cells, i.e., low density and large size (37, 38). The vast
majority of CD5" B cells display the features of resting
cells, i.e., high density and small size (38). Thus, most
of the experimental findings available thus far do not
support the hypothesis that CD5* B cells constitute a
subset of activated B lymphocytes.

Anatomical Distribution of CD5* B Cells. CD5"
B cells cannot be detected in adult human bone marrow
(20, 31) or, to our knowledge, in human peritoneum.
They constitute, however, a significant fraction (10-
20%) of total B lymphocytes in human peripheral blood
(28, 29), and are consistently found in all major sec-
ondary lymphoid organs, including lymph nodes (5%),
spleen (17-18%), and tonsils (5-10%) (18, 28, 29). In
contrast to the nearly ubiquitous distribution of CD5*
B cells in human blood and lymphoid organs, mouse
CD5" B cells are mostly segregated within the perito-
neum, where they can account for up to 45% of total
local B cells in adult animals (4, 36). CD5" B cells,
however, are very rare in the mouse peripheral blood,
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Figure 1. Fluorescence-activated cell sorting of CD5* and CD5~ peripheral blood B lymphocytes of a healthy subject. Enriched B lymphocytes
were simultaneously reacted with phycoerythrin-conjugated mAb to CD20 and biotinylated mAb to CD5, and then reacted with fluorescein
isothiocyanate-avidin. (A) Cells included within the left dotted lines (20% of total B cells) and right dotted lines (10% of total B ceils) were
considered CD5~ and CD5™ B lymphocytes, respectively. These two cell fractions were sorted, collected, and reapplied to the fluorescence-
activated cell sorter to evaluate the degree of separation (B and C). Contourgrams and profiles show that the sorted CD5* and CD5~ B cells
fell back within the coordinates established for sorting and overlap only marginally.

CD5" B CELLS 227



spleen, or lymph nodes (24). Interestingly, CD5* B cells
have been found in normal murine thymus, where they
account for 70-80% of the very few thymic B lympho-
cytes (about 1% of total cells) (39). Similar to the
human, CD5* B cells are undetectable in murine bone
marrow (27, 36). The skewed anatomical distribution
of murine CD3™ B cells suggests that they may not
represent, in all respects, the equivalent of human CD5*
B cells.

Ontogeny and Malignancies of CD5* B Cells.
CD5" B lymphocytes appear in early development,
constituting a high proportion of the total fetal and
neonatal B cells (6). Approximately 50-75% of B cells
found in human fetal spleen (31, 40), and more than
90% of those found in cord blood (30, 41), express
CDS5. The decrease in the percentage of CD3* B cells
observed in the adult (20, 28, 29) may be secondary to
a vigorous expansion of CD5™ B cells, rather than a
diminution in absolute numbers of CD5* B cells (4, 24,
36).

In the human, CD5* B cells are the first B lympho-
cytes to repopulate the host following bone marrow
transplantation, appearing during the first 2-4 weeks
and preceding the emergence of CD5™ B cells by several
weeks (42). Thus, although human bone marrow does
not contain mature CD5* B lymphocytes in a detectable
number, it does, presumably, contain their precursor
cells. The early appearance of CD5* B cells in devel-
opment and after bone marrow transplantation suggests
that they constitute an “immature” B cell population
that can give rise to “conventional” (CD57) B cells.
Alternatively, consistent with their unique expression
of myelomonocytic markers and their distinctive ana-
tomical distribution in the mouse, CD5* B cells may
constitute a lineage separate from CD5™ B cells (4, 6,
43, 44). Supporting the hypothesis of a distinct CD5*
B cell lineage are the original experiments by several
investigators showing that, in contrast to human bone
marrow transplant, the transfer of adult bone marrow
into irradiated recipient mice results in reconstitution
of CD5~, but not CD5", B cells (4, 45, 46). Reconsti-
tution of CD5* B cells in irradiated recipient mice can
be achieved, however, by transferring donor cells de-
rived from a source rich in CD5* B cells, such as adult
peritoneum, or neonatal spleen or liver (45). Prelimi-
nary observations by Kearney et al. (personal commu-
nication) show that the omentum may be the primary
source of CD5* B cell precursors in the mouse. These
observations are consistent with the hypothesis that
murine CD5* and CD5~ B cells arise from discrete
precursors (46, 46).

A series of more recent experiments supports the
hypothesis that CD5* and CD35™ B cells follow separate
maturation pathways and suggests that the CD5* B cell
pool in the neonate is self-replenishing, and sustains
itself throughout the life of the animal (6, 45, 47). Lalor
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and colleagues (4, 47) investigated murine CD5* B cell
development in the offspring of a cross between C.B-
17 mice bearing two distinct Ig ailotypes. Newborns
were treated with anti-IgM mAb against the paternal
allotype, effectively depleting both CD5* and CD5™ B
cells bearing this allotype. Following cessation of mAb
treatment, the paternal allotype CD5~ B cells reap-
peared, indicating their generation from an IgM™ pro-
genitor cell. CD5* B cells expressing the paternal allo-
type, however, were permanently depleted, suggesting
that no IgM™ progenitor cell was able to replenish this
pool. Further experiments indicated that lack of recov-
ery of paternal allotype CD5™ B cells following mAb
treatment was due to the continued presence of CD5*
B cells of the maternal allotype (48). A feedback loop
appeared operative whereby development of new CD5*
B cells was inhibited by the presence of mature CD5*
B cells.

Further support for an inhibitory role of “mature”
CD5" B cells on the emergence of new CD5* B cells
has been proposed by Riggs er al. (49), who reconsti-
tuted C.B-17 severe combined immunodeficiency
(SCID) mice with splenic and/or peritoneal B cells of
distinct immunoglobulin allotypes from normal ani-
mals. Donor peritoneal B cells, which include a high
proportion of CD5* B cells, prevented antibody secre-
tion by donor splenic B cells, which are primarily CD5™,
when simultaneously engrafted into SCID mice. Cells
of the “suppressed” allotype were found in the spleen
but not in the peritoneal cavity of allotype chimeric
SCID mice, possibly indicating preferential inhibition
of engraftment as well as antibody production at certain
sites. This “suppression” by peritoneal cells was not due
to regulatory T lymphocytes, and could be overcome
by several means, including (i) increasing the ratio of
splenic to peritoneal allotype cells engrafted; (ii) adding
spleen cells at a later time than peritoneal cells; or (iii)
injecting spleen cells by a different route than peritoneal
cells. In each case, the manipulation resulted in the
dominance of cells bearing the allotype of the donor
providing splenic, rather than peritoneal, lymphocytes.
These findings indicate that dominance of the perito-
neal cells was not due to an intrinsic property of this
cell type. They also suggest that important regulatory
interactions exist between different B cell subsets and
they question, to some extent, the interpretation of
some of the experiments (4, 6, 45-48) that originally
led to the conclusion that CD5* B cells belong to a
lineage separate from “conventional” CD35~ B cells.

Taken together, the grafting studies reviewed here
suggest that reconstitution of either SCID or irradiated
mice with a lymphoid source rich in CD5% B cells
results in CD5* B cell repopulation. Reconstitution of
similar mice with a lymphoid source rich in CD5~ B
cells results in CDS5™ B cell repopulation. This contrasts
with the observations made in humans transplanted



with bone marrow. In these patients, the donor marrow,
a tissue putatively lacking CD5* B cells, would give rise
to both CD5" and CDS5~ B cells. These observations
may suggest that important differences exist between
human and murine CD5* B cells. Further studies are
required to identify the precursors of CD5* B cells and
to define the regulatory interactions underlying the
emergence and development of CD35~ and CD5* B
cells.

The self-replenishing and self-maintaining nature
of CD5* B cells may be an important factor in the
tendency of these lymphocytes to give rise to malignan-
cies. CD5* B “lymphoid malignancies” appear at high
frequencies in normal-aged mice and are a common
cause of mortality in adult autoimmune New Zealand
Black mice (50). In these autoimmune mice, the CD5*
B cell malignant transformation stage may be preceded
by a “hyperdiploid” (premalignant) stage of an oligo-
clonal or monoclonal CD5* B cell population (7). In
aging normal mice, CD5* B cell lymphomas may
emerge following persistent antigenic stimulation, as
suggested by the lymphomas arising in aging B10.H-
2*H-4°p/Wts mice adoptively transferred with synge-
neic spleen cells after hyperimmunization with sheep
erythrocytes (51, 52). Consistent with the bone marrow-
independent origin of normal CD5* B cells, these mu-
rine B cell lymphomas are often characterized by
marked splenomegaly, lymph node enlargement, and
lack of primary thymus or bone marrow involvement.

In the human, the most common malignancy of
the CD5* B cell is CLL. Similar to normal CD5* B
cells, CD5* B cells of CLL express markers of the
myelomonocytic lineage (24). CD35 may also be ex-
pressed on solid tissue human B cell lymphomas, par-
ticularly the small-cell lymphocytic variety (24). A rel-
atively high incidence of B cell malignancies occurs in
patients with Sjogren’s syndrome, an autoimmune dis-
ease associated with the presence of antibodies to nu-
clear antigens, and, to a lesser extent, in patients with
rheumatoid arthritis (53, 54). Both diseases are char-
acterized by high levels of circulating CD5* B cells (30,
55). In Sjogren’s syndrome patients, an expanded B cell
population carrying the cross-reactive idiotype identi-
fied by the 17.109 mAb has been observed (56). The
17.109 mAb was originally raised against an IgM rheu-
matoid factor (RF) idiotype (57) that is shared by IgM
associated with a variety of CLL and Waldenstrém IgM
paraproteins (56-58). It is possible that the expansion
of an activated CD5* B cell subset that occurs in
patients with Sjogren’s syndrome or rheumatoid arthri-
tis (see also CDS* B Cells and Autoimmune Diseases:
Rheumatoid Arthritis) represents an important stage
preceding and leading to the malignant transformation
of these cells.

Antibody Production by CD5* B Cells

CD5* B Cells are Committed to the Production
of Polyreactive Antibodies. The construction of hu-
man and murine monoclonal cell lines capable of pro-
ducing antibodies, mainly IgM, binding to a variety of
self antigens, including soluble hormones, nucleic acids,
structural cellular and tissue components, etc., was
reported by several investigators (59). The first indica-
tion that such autoantibodies may be produced by a
discrete B cell subset came from the studies by Haya-
kawa et al. (60) on CD5* B cells in autoimmune New
Zealand Black Mice. These mice naturally develop
autoimmune pathology and display an unusually high
proportion of CD5* B cells, which spontaneously se-
crete Ig in vitro. These antibodies are of the IgM class
and bind many self-antigens, including surface thymo-
cyte antigens, and ssDNA (34, 60). The production of
antibody binding to self-antigen is not an exclusive
prerogative of CD35* B cells from autoimmune mice.
Sorted CD5™ B cells from normal BALB/c mice can be
activated to produce IgM binding to bromelain-treated
MRBC (60). Additional observations suggesting a role
for CD5* B cells in the production of autoantibodies
came from the study of C57BL/6J mice with the viable
motheaten mutation, which display high levels of CD5*
B cells (>95% of total B cells) (61), high titers of
circulating IgM and IgG2a autoantibodies (61, 62), and
extensive autoimmune pathology (63).

Based on the original observation in mouse CD5*
B cells (60), we investigated the possibility that, in the
healthy human, antibodies endowed with anti-self re-
activity could be produced by the CD5* B cell subset.
Using dual fluorescence flow cytometry, we sorted
CD5* and CD5™ B cells from a B lymphocyte-enriched
peripheral blood mononuclear cell fraction (28). The
efficiency of discrimination of the sorting procedure
was assessed by reanalysis of the sorted cell fractions
(Fig. 1, panels A, B, and C). To investigate the antibody-
producing potential of purified CD35* and CD5™ B cells,
we infected them with EBV, Owing to the resting state
of most lymphocytes in the normal B cell repertoire,
the use of a polyclonal B cell activator is essential to
express their antibody-producing potential. In human
B lymphocytes, the only efficient B cell activator is
EBV, which serves as both a potent B cell activation
stimulus and an efficient transforming agent (64). We
have thoroughly demonstrated that EBV is equally
efficient in transforming B cells bearing surface u-, y-,
and a-heavy (H) chains to produce IgM, OgG, and IgA,
respectively (2, 64-67). EBV-infected purified CD5*
and CD5™ B cells were cultured in limiting dilution
before determination of the antigen-binding activity of
the produced antibody. We found that the vast majority
of CD5* B lymphocytes produced antibodies binding
to a variety of self-antigens, including IgG Fc fragment
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(RF), ssDNA, thyroglobulin, and insulin (2. 28, 59, 63)
(Fig. 2). These antigen-binding activities encompassed
several exogenous antigens as well, such as 8-galactosid-
ase from Escherichia coli, and tetanus toxoid (28. 59,
65). In contrast, in healthy subjects that had been
vaccinated previously but not boosted recently with
tetanus toxoid, the lymphocytes committed to produc-
ing IgG to tetanus toxoid segregated within the CD3~
B cell subset (28). To formally demonstrate that the
polyreactivity detected in fluids from cultured EBV-
transformed CD35* B cells was due to the multiple
antigen-binding property of individual antibody mole-
cules, these lymphoblasts were fused with a precon-
structed non-Ig-secreting human-mouse fusion partner
(2, 66-68). The resulting cell hybrids were sequentially
cloned and found to produce high levels of mAb, suit-
able for fine immunochemical characterization. Al-
though the vast majority of these mAb were IgM,
polyreactive IgG and IgA mAb were also generated
using CD5* B cells (67, 68). Each mAb bound a variety
of self- and foreign antigens, including bacterial com-
ponents and products (2, 3, 37, 66, 67). Competitive
antigen-binding studies established that the binding of
each mAb to a given solid-phase antigen was inhibited
in a dose-dependent fashion not only by the homolo-
gous soluble antigen but also by heterologous antigens
(2, 3, 66, 67). Moreover, each mAb displaved different
affinities for different antigens, and different mAb dis-

plaved different affinities for the same antigen (2, 3, 66,
67) (Fig. 2). The K, values of these mAb ranged from
107*to 1077 M, consistent with low to moderate intrin-
sic binding affinities (2, 3, 66, 67).

The (polyreactive) autoantibody-producing poten-
tial of human CD5* B cells is reflected in the ability of
monoclonal CLL CD5* B cells to secrete autoantibodies
following activation by phorbol myristate acetate or T
cell-dependent stimuli. In a thorough study, Stoegher
et al. (69) showed that the majority of monoclonal
CD5* B cells from 19 patients with CLL and a patient
with well-differentiated lymphocytic lymphoma pro-
duced IgM or lIgG with strong RF activity, in many
cases also binding to ssDNA and double-stranded DNA.
These findings may explain the occurrence of circulat-
ing autoantibodies and autoimmune symptoms in pa-
tients with CLL or other B cell lymphomas (24, 31, 70).
The interaction of a variety of self antigens with antigen
receptors on CD35™ B cells may play a role in initiating
or enhancing the clonal expansion of these lymphocytes
in lymphoproliferative disorders (see also Phenotype,
Distribution, and Ontogeny of CD5* B Cells: Ontogeny
and Malignancies of CD5* B cells and CD5* B Cells
and Autoimmune Diseases: Rheumatoid Arthritis).

Role of Natural Polyreactive Antibodies. Poly-
reactive antibodies most likely identify with the type of
Ig present in the circulation of healthy individuals and
previously termed “natural antibodies” (2, 3), as sug-
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Figure 2. Dose-dependent binding of eight mAb to solid-phase antigens: insulin (@), thyroglobulin (Tg) (A), tetanus toxoid (TT) (W), 1gG Fc
fragment (O), ssDNA (4), or bovine serum albumin (BSA) (). (A-D) Polyreactive IgM, IgG, and IgA generated from B cells or healthy subjects.
(E) Anti-TT IgG derived from a healthy subject immunized with TT. (F) Anti-Tg IgG derived from a patient with Hashimoto's disease. (G) Anti-
ssDNA IgM derived from a patient with SLE. (H) Anti-insulin IgG derived from a patient with insulin-dependent diabetes meliitus (Reprinted from

the Journal of Immunology (Ref. 67), with permission).
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gested by their ability to bind lipopolysaccharide from
gram-negative bacteria (66) and polysaccharides from
gram-positive bacteria (66), as well as viruses, including
rabies virus (71), herpes simplex virus, and human
immunodeficiency virus-1 (Harindranath et al., man-
uscript in preparation). In vivo, polyreactive antibodies
may contribute to the first line of defense against infec-
tions by mediating complement-dependent lysis and by
enhancing opsonization and phagocytosis. The activa-
tion of CD5* B cells by pathogenic microorganisms to
secrete natural (polyreactive) Ig is suggested by the high
levels of circulating IgM binding to IgG Fc fragments
and other self-antigens found in patients with viral,
bacterial, and parasitic infections (72-74). In addition
to directly binding antigens on invading microorga-
nisms, polyreactive IgM may amplify the biological
activity of specific IgG already bound to pathogens
through the recognition of the IgG Fc fragment. Specific
IgG aggregated by their binding to microbial antigens
may dramatically boost RF production during the im-
mune response (72, 73-78). It has been proposed that
in contrast to the preimmune (polyreactive) RF and
the RF appearing at early stages of a primary Ig re-
sponse, some of the RF arising during the specific
secondary response display a higher affinity for IgG
fragment (77, 78). The dramatic amplification of a
specific IgG antibody response by RF is exemplified by
the ability of RF arising in rats during a secondary
response to Trypanosoma lewisi to terminate the 7.
lewisi infection in animals displaying trace amounts of
circulating specific IgG (79).

In addition to enhancing the clearance of invading
microorganisms, CD5* B cells may play an important
role in the rejection of xenografts, as suggested by the
efficient binding of polyreactive mAb (generated from
human CD57 B cells) to a variety of antigens on porcine
platelets and endothelial cells (80). Among these anti-
gens, those recognized by “natural” polyreactive human
mAD are identical to those recognized by the xenoreac-
tive antibodies naturally occurring in human sera (80).
Thus, at least two of the most important biological
functions of the immune system are displayed, although
less than specifically, by the antibodies derived from
CDS* B cells: (i) the defense of the individual against
invading pathogens; and (ii) the preservation of the
individuality of the species by the rejection of xenoge-
neic components. These two functions alone would
likely suffice to account for the high representation of
polyreactive antibodies in primordial phylogenetic
stages: polyreactive IgM are the only antibodies in
sharks and torpedo fish (81).

immunoglobulin Gene Expression by CD5* B
Cells. A major mechanism by which the diversity of
the antigen-combining site of antibodies is generated is
the combinatorial joining of the gene segments that
encode the Ig V region. The full rearrangement of the

H chain V region results from the juxtaposition of the
diversity (D) and the joining (Ji) segments, followed by
the Vy segment. Similarly, the rearrangement of the
light (L) chain V region results from the juxtaposition
of the V. and the J_ gene segments. These gene re-
arrangements are mediated by Vy-D-Jy and Vy-J re-
combinases, the specificity and regulation of which are
still poorly understood. In the absence of other known
contributory influences, utilization of different Vg
genes is thought to be random, resulting in stochastic
expression of the members of the various gene families.

Nonstochastic Vy gene expression has been found
to occur in early stages of development of the human
(82-84) and the mouse (85-89), when CD5* B lympho-
cytes constitute the major proportion of the B cell
repertoire. In murine fetal pre-B cells, there is a highly
preferential utilization of the members of the V7183
family, particularly the VyE415 gene (88~90). In the
neonatal mouse, the nonstochastic Vy gene expression
includes biased utilization not only of genes of the
Vu7183, but also of the VyQ52 family (91). V47183
and VyQ52 constitute the most Jy-proximal Vy gene
families (92). In contrast to the human, in which mem-
bers of a given Vy gene family are highly interdispersed
throughout the 5/ portion of the Vy locus (chromosome
14), most murine Vy gene families map as discrete
units within the H chain locus (chromosome 12), per-
haps as a result of an extensive process of homologous
recombination brought about by thorough inbreeding.
Recent studies suggest that the biased utilization of the
VyQ52 and Vy7183 families observed in the murine
neonatal B cell repertoire is mainly due to their selective
expression by CD5* B cells, although some overutili-
zation of V7183 genes is also observed in CD5™ B cells
(91). In adult mice, CD5" B cells still preferentially
express members of the ViQ52 family and, to a lesser
extent, the V47183 family, whereas CD5~ B cells ex-
press members of the V7183 family at a much lower
frequency (91, 92), in favor of a more pronounced
expression of the members of the most 5’ distal and
largest family, VyJ558 (91, 93-95). Thus, in the adult
mouse, some degree of “normalization” in the expres-
sion of the Vi gene repertoire takes place (96-98). Such
normalization is likely brought about by the repetitive
and extensive stimulation of B cell clones by a large
number of foreign and, perhaps, self-antigens. Among
the latter, cryptic determinants on autologous red cells,
as revealed by treatment with the proteolytic enzyme
bromelain, may be responsible for the amplification of
the mouse peritoneal CD5* B cell clones expressing
Vull gene segments in conjunction with Jy1 (99) and
producing IgM to bromelain-treated MRBC (99-101).
It has been suggested that the developmentally related
nonrandom expression of DJy-proximal Vy genes is
due to a position-dependent rearrangement mecha-
nism, possibly involving a one-dimensional tracking
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system (88, 89, 102). However, as V17183 and VQ52
are highly interdispersed and DJy-proximal (92), and
since “conventional” CD5~ B cells in the neonatal
mouse express preferentially V7183, but not Vi;Q52,
genes (91), it is unlikely that position-dependent re-
arrangement is responsible for the observed skewing in
Vy gene family expression (91). The fact that CD5* B
cells preferentially utilize ViQ52 segments regardless
of their ontogenic stage (91) suggests that expression of
these genes is an inherent feature of these lymphocytes.
Owing to the under-representation of CD5* B cells in
adult mice, their V»3Q352 gene overutilization would not
result in a marked skewness of the overall B cell reper-
toire.

As discussed above (Phenotype, Distribution, and
Ontogeny of CD5" B Cells: Ontogeny and Malignancies
of CD5* B Cells), the CD5* B cell is the predominant
cell type in the fetal and neonatal B cell repertoires.
This is concomitant in the human fetus, at 49 days of
gestation, with a skewed expression of gene members
of the VyV and VyVI families (83). These are the
smallest and most DJy proximal of the six human gene
families, which together encompass fewer than 100 V4
genes (103-108). Later in fetal life, from Day 104 to
130, the vast majority of B cells express genes of the
largest VylIl family, predominantly its 30pl member
(82, 109, 110).

Recent findings suggest that, even in the adult B
cell repertoire, Vy gene segment expression may not be
strictly stochastic and that some gene segments, mainly
those of the VylII and VylV families, are expressed at
a frequency at least twice as high as that expected on
the basis of their numeric representation in the H chain
locus (111). Overexpression of VylIll and VyIV family
genes may be accompanied by a slight underexpression
of members of other families, particularly VylI (111),
and is likely due to overutilization of these genes by
CD5* B cells. We have recently sequenced the Vi genes
utilized by 14 polyreactive mAb, some of them formally
derived from CD5* B cells and including 11 IgM, one
IgG, and two IgA (Harindranath et a/., manuscript in
preparation and 113). We found that nine of these
polyreactive mAb utilized members of the VIV family
and five utilized a single member of the VyxIII family,
30pl. Furthermore, probing of the mRNA from 10
CD5* B cell lines producing polyreactive IgM mAb
showed that VyIV family genes were utilized in nine
cases and a VyllII family gene was utilized in one case
(Inghirami et al., manuscript in preparation). The pu-
tative preferential expression of the VIV gene by hu-
man CD35* B cells may be further supported by the
demonstration that over 50% of (CD5%) CLL express
gene segments of this family (111) and contrasts with
the expression of other Vy gene families, including Vyl
and VulV, by CD5™ B cells producing high affinity
monoreactive mAb in a secondary specific antibody
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response (71). Overutilization of the (VylIII) 30pl gene
by adult CD5* B cells is consistent with the marked
overutilization of this gene segment in fetal life (82,
110). This gene represents the human Vg segment with
the highest similarity to the segment most commonly
expressed in fetal and, perhaps, adult murine life, the
VuE415 gene, a member of the V7183 family. Al-
though additional experiments are necessary to une-
quivocally establish whether the relatively biased usage
of genes of the Vylll and Vy4IV families in the adult
human B cell repertoire is due to their frequent expres-
sion by CD5" B cells, the wide usage of 30pl suggests
that this gene may play an important biological role.
Vulll-like genes may have been positively selected in
phylogenesis in response to antigens present on com-
mon pathogens, as suggested by findings in other spe-
cies. Both birds and rabbits have multiple Vy gene
segments, but all are Vylll-like (114-116).

Although the molecular basis of antibody polyreac-
tivity has yet to be established, it is thought to rely on
the presence of an antigen-combining site capable of
accommodating multiple ligands (118). Utilization of
V gene segments in unmutated configuration seems to
be a characteristic feature of polyreactive antibodies
(92, 112, 118), and some germ line V gene segments,
e.g., members of the Vylll and VyIV families, may
contribute to the structural basis of polyreactivity. How-
ever, different polyreactive mAb utilize different Vy
gene segments. Recent crystallography studies have
shown that the V region of the H chain, mainly its
complementarity-determining region (CDR) 3, ac-
counts for most of the antigen-binding activity of the
whole molecule, particularly in the case of proteinic
antigens (119, 120). Consistent with a primary role of
the Vi CDR3 segment in determining the polyreactiv-
ity of antigen-binding sites, we recently found that the
nucleotide sequences of the D segments encoding the
CDR3 portion of polyreactive mAb are significantly
longer than those of monoreactive molecules (30-60 b
and 15-24 b, respectively) (113; Harindranath et al.,
submitted; Tkematsu ef @/, manuscript in preparation)
(Fig. 3). Although preliminary, these findings raise the
possibility that the length of the D region may be an
important factor in determining antibody polyreactiv-
1ty.

As has been found for murine CD5* B cells, we
found that polyreactive mAb-producing cell lines gen-
erated using CD5* B cells from healthy subjects express
both - and A-L chains (66, 112). Nonrandom L chain
utilization has been consistently observed in RF pro-
duced by neoplastic (CLL) CD5* B cells and in RF
isolated from patients with Waldenstrém’s macroglob-
ulinemia and/or mixed cryoglobulinemia (24). These
RF, particularly in CLL, preferentially express Ck- over
CA-L chain genes (121), most often in conjunction with
the unmutated Humkv325 gene, a member of the



A. D Segments of Polyreactive mAbs

mAbl8  GGT GGG GTT GAG CTG GCA TCA ACA AAA
(VIII) 6 ¢ v E L A S T K
mAb26  CTC CGT GIC TTC TAT GAT AGT CGT GGC
(VgIv) L A VvV F Y D S R G
mAb21  GTT GCC AGT TAC AGT TTT CGT TTC CGT
(Vylv) v A s Y s F R F R
mAb63 GGG GGA TCG GTA TTA CGA TTT TTG GAG
(VgIv) 6 6 s Vv L R F L E
mAb67  GTG ACG GGC TCC ACA TTT TGG AGT GGT
(Vglv) v T 6 s8 T F W S C
mAb65 TGG GGG TAT TAC AAT AGT AAT GGT TCT
(Vyv) w ¢ Y Y N 8 N G S
B. D Segments of Monoreactive mAbs
mAb6l  CTC GGC CCT GAT GAC TAT ACC CTT
(Vv L. ¢ P D D Y L T
mAb60  ATC GGA GGT GGG ACG
(V4Iv) I 6 6 G T
mAb53  GTG CAG AGG GAT CCT GCT CCT CGG
(VglII) V. ¢ R D P A P R

CCA TCC TCT ATC TGG CGA CTC AAC CCA ATC AGA

P 8§ S§ I w R L N P I R
CTT AAA CAC

L X H

CAC

H

TGG TTA TTA TAT CCC GCT
¥ L L Y P A
TAT TAT ACT CGG GGT TAC
Y Y T R G Y
CCG CTG GTC

P L V

Figure 3. D gene segments utilized in (A) polyreactive mAb (15-24 b in length) and (B) monoreactive mAb (30-60 b in length). mAb18, 26,
and 21 were IgM produced by cell lines generated using CD5* B cells from healthy subjects (66, 112). mAb 63, 65, and 67 were IgM, IgM,
and IgA1, respectively, produced by cell lines generated using CD5* B cells from a rheumatoid arthritis patient (113). mAb 60 and 61 were IgM
and IgA1 RF, respectively, produced by cell lines generated using CD5* B cells from the same rheumatoid arthritis patient used as a source of
mAb 63, 65, and 67 (113). mAb 53 was IgG1 to rabies virus produced by a monoclonal cell line generated using CD5™ B cells from a subject
vaccinated with inactivated rabies virus vaccine (71; Ikematsu et al., manuscript in preparation).

VIIIb subgroup (57, 121, 122) (see also Phenotype,
Distribution, and Ontogeny of CD5* B Cells: Ontogeny
and Malignancies of CD5* B Cells). In contrast, our
studies in a single rheumatoid arthritis patient showed
that all polyreactive low affinity and monoreactive high
affinity RF mAb generated using CD5* B cells utilized
A-L chains (113). The restricted expression of A-L
chains by CD5* B cells from this rheumatoid patient is
reminiscent of the preferential expression of A-L chains
in autoantibodies associated with systemic lupus ery-
thematosus (SLE) (123), Graves’ disease (124), and
Sjogren’s syndrome (125). The possibility exists that,
whereas CD5* B cells in healthy individuals express
either k- or A-L chains, CD5* B cells in autoimmune
humans preferentially express A-L chains. It can be
hypothesized that a particular subset (A-L bearing) of
CD5* B cells is amplified in certain autoimmune con-
ditions. Whether this is the result of a selection mech-
anism by self-antigens or is due to an inherent feature
of the autoantibody-producing (A\-L bearing) CD5* B
cells remains to be determined.

CD5* B Cells and Autoimmune Diseases

Owing to the broad self-reactivity of the antibodies
they produce, CD5* B cells have been thought to play
a role in the pathogenesis of autoimmune diseases.
Recognition of self is a prominent feature of the early
immune system, as suggested by the high frequency of
CD5™ B cells and natural antibodies, mainly IgM, with
self-reactivity in the fetus and neonate (84, 126-128).

The unmutated Vy gene segments expressed by the
early (CD5%) B cells (82) would provide the structural
correlate for the high degree of “connectivity” of the
idiotypic-anti-idiotypic network in neonatal mice (129,
130). It has been proposed that dysregulation of such a
formal idiotypic network can lead to the amplification
of selected clones, often sharing common cross-reactive
idiotypes (CRI) and producing autoantibodies (130-
132). For example, the CRI 17.109, expressed by 2%
of circulating IgM from healthy subjects (57), is shared
by about 50% of RF paraproteins derived from patients
with mixed cryoglobulinemia or Waldenstrom’s mac-
roglobulinemia (58), 40% of circulating RF from pa-
tients with Sjégren’s syndrome (133), and 25% of «-
positive CLL B cells (134) (see also Phenotype, Distri-
bution, and Ontogeny of CD5* B Cells: Ontogeny and
Malignancies of CD5* B Cells). Accordingly, the CRI
16/6 (135-137), first identified in various ssDNA-bind-
ing mADb (mainly IgM) generated from patients with
SLE, was also found at low frequency in mAb generated
from healthy subjects, consistent with its representation
in the normal idiotypic network (131, 138, 139). Fur-
ther studies (129), however, revealed that the ssSDNA-
binding IgM bearing the 16/6 CRI display the features
of polyreactive antibodies and differ strikingly from the
anti-DNA autoantibodies characteristic of SLE pa-
tients. These are mainly monoreactive high affinity IgG
and appear at higher titers in the circulation during the
active phases of the disease (140). Thus, the relationship
between natural “autoantibodies” and the autoantibod-
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ies found in autoimmune patients remains to be estab-
lished.

SLE and Other Autoimmune Diseases. Using
EBV in limiting dilution assays, we found that in pa-
tients with SLE, a systemic autoimmune disease, and
Hashimoto’s disease, an organ-specific autoimmune
condition directed to thyroid components, the frequen-
cies of circulating cells capable of producing IgM to
ssDNA and thyroglobulin, respectively, as well as to
exogenous antigens, are similar to the frequencies found
in healthy subjects (about 5-10% of the total IgM-
producing cell precursors) (37, 67). In contrast, in SLE
patients, B cells committed to the production of IgG
antibodies to ssDNA are approximately 0.5% of the
total IgG-producing cells, that is, at least 15 times
greater than that found in healthy subjects and Hashi-
moto’s disease patients (67, 141). Similarly, in Hashi-
moto’s disease patients, B cells committed to the pro-
duction of IgG to thyroid antigens (i.e., thyroglobulin
or thyroid microsomal antigen) are approximately 0.2%
of the total IgG-producing cells (67). This is at least 20
times greater than that found in healthy subjects and
SLE patients.

By constructing more than 30 mAb-producing hy-
bridomas selected for production of antibodies to in-
sulin, thyroglobulin, ssDNA, or tetanus toxoid, we
found that the vast majority of IgM “autoantibodies”
detected in SLE patients, Hashimoto’s disease patients,
and healthy persons are polyreactive (K 107 to 1077
M) (2, 3, 67, 142). The normal frequencies of circulat-
ing cell precursors producing these polyreactive anti-
bodies are consistent with the normal size of the CD5™
B cell subset in these patients. In contrast, the IgG
autoantibodies found in SLE and Hashimoto’s disease
patients are monoreactive and display a high affinity
(K4 1077 to 107" M) for thyroid antigens and ssDNA,
respectively (67). Thus, the high frequency and affinity
of the specific autoantibodies in patients with SLE or
Hashimoto’s disease mimic those of anti-tetanus toxoid
and anti-insulin IgG mAb produced by cell lines con-
structed using specific B cells from vaccinated healthy
subjects and from insulin-treated patients with insulin-
dependent diabetes mellitus, respectively (67, 141, 142).
Moreover, similar to monoreactive high affinity IgG
antibody to tetanus toxoid from tetanus-vaccinated
subjects, the monoreactive high affinity IgG autoanti-
bodies to ssDNA in SLE patients are produced by CD5~
B cells. These findings suggest that, in many respects,
the high affinity autoantibody responses characteristic
of various systemic and organ-specific autoimmune
diseases, e.g., SLE, Hashimoto’s disease, or insulin-
dependent diabetes mellitus, resemble the high affinity
response elicited by a foreign antigen through a process
of B cell clonal selection and affinity maturation.

Rheumatoid Arthritis. In contrast to SLE, other
autoimmune diseases, including Sjogren’s syndrome
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(55) and rheumatoid arthritis (30, 38), are characterized
by an increase in the number of CD5* B lymphocytes.
In these patients, CD5* B lymphocytes can account for
up to 50-60% of circulating B cells {30, 38, 143). A
study of rheumatoid arthritis patients and their healthy
relatives suggested that family members may also have
elevated proportions of circulating CD5* B cells (143).
This corroborates the findings of a study in monozy-
gotic twins discordant for rheumatoid arthritis (23). In
each case, the healthy twin had a level of CD5" B cells
similar to that of the twin with rheumatoid arthritis,
Taken together with our studies of rheumatoid arthritis
patients, demonstrating that CD5* B cell levels do not
correlate with RF levels in the serum (37, 38), these
findings suggest that CD5* B cell frequency may not
be directly related to disease activity, but rather to
genetic background. To determine the state of activa-
tion of fluorescence-activated cell sorted CD5* and
CD35™ B cells in patients with active rheumatoid arthri-
tis, we investigated their forward and 90° light-scattering
properties and incorporation of [*H]thymidine. We
found that most CD5* B cells, but very few CD5~ B
cells, from rheumatoid arthritis patients were low den-
sity, large-sized, spontaneously proliferating cells (38).
Moreover, these CD5* B lymphocytes, but not their
CD5™ counterparts, spontaneously secreted high levels
of IgM, IgG, and IgA RF (37, 38). The fact that CD5*
B cells are activated, proliferating, and producing RF
in rheumatoid patients may be consistent with a role
for CD5* B cells in the disease process. Thus, unlike
CD57 B cell frequency, the CD5* B cell activation state
may be an indicator of disease activity.

By studying the antigen-binding properties of the
RF mAb produced by cell lines generated using purified
CD5* B lymphocytes from a number of different rheu-
matoid arthritis patients, we identified two different
types of RF autoantibodies with discrete patterns of
antigen reactivity (38). The first type, more frequent,
consisted of polyreactive antibodies which bound not
only to IgG Fc fragment, but also to other self and non-
self antigens, including ssDNA, thyroglobulin, insulin,
and tetanus toxoid (38). These RF resemble the poly-
reactive antibodies produced by CD5* B cells in healthy
subjects. The second type, much less frequent, consisted
of monoreactive autoantibodies binding to IgG Fc frag-
ment only and was found exclusively in rheumatoid
arthritis patients. The K, values displayed by the poly-
reactive RF for the IgG Fc fragment were in the range
of 107 M, similar to the K, values of polyreactive RF
from healthy subjects. In contrast, the K, values of the
monoreactive RF were at least two orders of magnitude
lower, 1077 M (higher affinity). Whereas the specific
high affinity anti-ssDNA autoantibodies and anti-teta-
nus toxoid antibodies of SLE patients and tetanus
toxoid-vaccinated subjects, respectively, are produced
mainly by CD5™ B lymphocytes, the monoreactive high



affinity autoantibody response in rheumatoid arthritis
is confined mainly to the CD5* B cell compartment.

A question that arises from the above considera-
tions is what could be the role of polyreactive natural
“autoantibodies” in autoimmune disease. RF and anti-
DNA autoantibodies have been classically related to
the pathogenesis of rheumatoid arthritis and SLE, re-
spectively, and polyclonal B cell activation has been
proposed as one mechanism accounting for the produc-
tion of autoantibodies in these and other systemic au-
toimmune diseases (59, 144, 145). According to this
model, autoantibody producing B cell clones would be
activated because of an impaired T cell suppressor
control. Alternatively, they could express such a high
degree of intrinsic activation as to be able to override
an otherwise normal suppressor T cell mechanism. In
either case, this hypothesis predicts that in autoimmune
conditions, B cells spontaneously produce autoantibod-
ies, independent of the stimulation by any self-antigen.
Moreover, the autoantibodies produced would have the
functional features of the anti-self antibodies found in
healthy subjects, that is, polyreactivity and relatively
low affinity. In fact, polyreactive “autoantibodies™ are
spontaneously produced in vivo by activated B lympho-
cytes in patients with rheumatoid arthritis and SLE (2,
30, 37, 38). However, the selective antigen-binding
activity and the relatively high affinity of the autoanti-
bodies to IgG Fc fragment, ssDNA, and thyroglobulin
produced by some of the B cell clones derived from
rheumatoid arthritis, SLE, and Hashimoto’s disease
patients, respectively, support the hypothesis that an
antigen-driven process of clonal selection and somatic
mutation shapes the anti-self response in these diseases.
Along these lines, it was recently reported that in the
MRL/lpr and (NZB X NZW)F, autoimmune mouse
strains, the gene segments encoding a number of differ-
ent RF and anti-DNA autoantibodies harbor many
somatic mutations, mostly in their CDR, suggesting
that a nonrandom, antigen-driven clonal selection is
operative in their generation (146-148). One may spec-
ulate that such antigen-driven clonal selection and so-
matic mutation could lead polyreactive antibody-pro-
ducing (CD5*) B cells to produce monoreactive high
affinity, potentially pathogenic autoantibodies.

To investigate whether the genetic composition of
some high affinity autoantibodies could be consistent
with a process of antigen-driven clonal selection and
somatic mutation, we recently sequenced the genes
encoding the complete Vi and Vi regions of three
monoreactive high affinity [gM and IgAl RF mAb
produced by cell lines generated using CD5* B cells
from a patient with rheumatoid arthritis (113). We
found that: (i) unlike the polyreactive antibodies pro-
duced by CD5* B cells of normal individuals, these
monoreactive RF contained extensive somatic point
mutations clustered in the H chain V gene CDR1 and

CDR2; and (ii) two clones independently generated
from different CD5* B cells and coding for high affinity
RF expressed identical VyDJy and ViJL sequences
(Harindranath and Casali, unpublished). Thus, the re-
stricted clonality of these B lymphocyte clones and the
CDR-restricted distribution of the somatic mutations
expressed in their coding sequences are highly consis-
tent with the hypothesis that these cells were selected
through a process of antigen-driven clonal amplifica-
tion. The high degree of spontaneous proliferation of
CD35* B cells in rheumatoid patients (38) would in-
crease the likelihood that the Vy gene CDR accumulate
somatic point mutations. It is tempting to speculate
that in rheumatoid patients, the inherent proliferative
potential of CD5* B cells and the stimulation by self
antigens synergistically contribute to the establishment
of premalignant (CD5*) B lymphoid cells, as is often
observed in these diseases (53, 54; see also Phenotype,
Distribution, and Ontogeny of CD5™ B Cells: Ontogeny
and Malignancies of CD5* B Cells and Antibody Pro-
duction by CD5* B Cells: CD5* B Cells Are Committed
to the Production of Polyreactive Antibodies).

CD5* and CD5™ B Cells in the Primary and
Secondary Antibody Response to Defined Antigens

Both CD5* and CD5™ B cells contribute to the
antibody response to defined antigens. Owing to the
polyreactivity of their surface receptors for antigen,
CD5* B cells could provide most of the precursors of
the antibody-producing cells recruited in the primary
response, e.g., to bacterial or viral components (see
Antibody Production by CD5* B Cells: Role of Natural
Polyreactive Antibodies). Activation of CD5* B cells
by antigen would result in production of “low” or
“moderate” affinity polyreactive antibodies, similar to
those observed in some murine primary responses, e.g.,
to oxazolone (149, 150).

B lymphocytes originally committed to the produc-
tion of polyreactive antibodies utilizing unmutated,
possibly restricted, Vg and Vi genes may, eventually,
give rise to cells producing antibodies with selective
binding activity through an antigen-driven selection
and somatic point mutation process that may or may
not be associated with loss of the surface CD5 molecule.
Some findings in the A/J strain of mice (150) suggest
that anti-arsonate antibodies induced after active im-
munization are produced by B cells, thought to be the
progeny of virgin B lymphocytes, originally making Ig
with Vy segments in unmutated configuration and
endowed with multiple “anti-self” reactivities. Matu-
ration of the antibody response to arsonate is associated
with class switch from IgM to IgG, an increasing load
of point mutations in the Ig Vi gene segments, and loss
of anti-self reactivity (151). Thus, in this system, the
same Vy segments are used in both the primary and
secondary antibody responses and the increase in anti-
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body affinity is due exclusively to accumulation of
somatic point mutations. The ability of many polyreac-
tive antibody-producing cells to accumulate somatic
point mutations and undergo affinity maturation would
be consistent with our demonstration that human CD5*
B cells can produce high affinity, somatically mutated
autoantibodies (113). A different process takes place in
the response of BALB/c mice to oxazolone, in which
cell clones expressing new Vy/Vi gene combinations
resulting in antibodies with higher affinity for antigen
emerge in the secondary response (150). These high
affinity antibody-producing cell precursors are likely
recruited among the “conventional” CD5™ B cell subset,
which consists of clones that express stochastic usage of
Vi and V| gene segments and, therefore, display a high
degree of built-in antibody diversity and specificity.
Thus, lymphocytes committed to the production of
antibodies with a “better” fit for antigen would be
available, although at very low frequency, among CD5~
B cells. A third possibility for the articulation of a
specific antibody response is the recruitment of a con-
siderable number of the cell precursors of the primary
response among CDS5™ B cells, followed by a secondary
response which may or may not involve different CD5~
B cell clones.

We recently found support for some of these ideas
by studying the segregation and frequency of circulating
cell precursors producing antibodies to rabies virus in
healthy humans before and after sequential immuni-
zation with inactivated virus (71). The fine specificity
of the IgM, IgG, and IgA mAb produced by cell lines
generated at different times of the response was deter-
mined (71). CD5* B cells producing (polyreactive) IgM
binding to rabies virus could be isolated from the
preimmune blood. These cells utilized exclusively genes
of the VylII family, mainly the 30pl member (Ikematsu
et al., manuscript in preparation). Most of the B cells
involved in the primary antiviral response (Days 1 and
7 after the first injection) were also CD5™, expressed
VylIl family genes, and made IgM antibodies that
bound not only to rabies virus, but also to various self
and exogenous antigens. In the secondary response,
additional, predominantly CD5~, B cells were recruited
that produced IgG binding exclusively, and with high
affinity, to rabies virus. One of these mAb efficiently
neutralized the virus in vitro and in vivo. These mAb
utilized a diverse selection of Vy segments, including
members of the Vyl, V4III, and V4IV gene families
(Ikematsu et al., manuscript in preparation). Although
preliminary gene sequencing studies do not allow us to
make any conclusions concerning the degree of somatic
point mutation of these mAb, they do suggest that B
cells producing high affinity Ig to rabies virus are not
clonally related to the (CD5*) B cells producing (poly-
reactive) Ig present in the preimmune blood or those
recruited in the primary response. Further experiments
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are required to establish whether CD5* B cells are
involved in affinity maturation of the human antibody
response to other, nonproteinic, antigens, e.g., polysac-
charidic or lipopolysaccharidic molecules.

Summary and Concluding Remarks

A major proportion of CD5* B lymphocytes are
committed to the production of a discrete type of
antibody that is polyreactive. Polyreactive antibodies
appear to use selected V and, perhaps, D gene segments,
mostly in unmutated configuration. They generally dis-
play relatively low affinity for different antigens and
are often part of the primary response to foreign anti-
gens. Polyreactive antibodies probably play a major
role in vivo as a first line of defense against infectious
agents not only by helping to temporarily limit the early
stage of infection by directly binding to microorga-
nisms, but also, owing to their RF-like activity, to
amplify an ongoing IgG-mediated secondary response.
In some cases, however, complete eradication of the
invading pathogens may only be accomplished by the
high affinity antibodies, mainly IgG, that appear late in
the antibody response and are produced, in general, by
cells that utilize a more diverse assortment of Vy/V,
gene combinations and/or have undergone an antigen-
driven process of somatic point mutation and positive
selection.

Our experiments have clearly established that the
“autoantibodies” normally produced by CD5* B cells
(polyreactive and low affinity) differ functionally from
the autoantibodies that are characteristic of autoim-
mune diseases such as SLE, Hashimoto’s disease, and
insulin-dependent diabetes mellitus (monoreactive and
high affinity), which are consistently detectable only in
autoimmune patients. As with cells that respond to an
exogenous antigen, these cells are, in some cases, the
progeny of (CD57) B lymphocytes that underwent an
antigen-driven process of somatic point mutation and
positive selection. We also established, however, that
under some circumstances (e.g., rheumatoid arthritis),
monoreactive high affinity autoantibodies, i.e., RF, are
produced by CD5* B cells. Our preliminary experi-
ments showed that the V genes expressed by these cells
can be somatically mutated, consistent with an antigen-
driven process of clonal selection. These findings do
not support the view that CD5* B cells are primordial
cellular elements committed to production of germline
antibodies, and suggest that they may accumulate so-
matic point mutation and play some role in the affinity
maturation of an antibody response.

CD5™ B lymphocytes may not be the only B cells
capable of producing polyreactive antibodies. Studies
in the mouse have revealed the existence of a cell
population phenotypically similar to CD5* B cells, but
lacking the surface CD5 marker (4, 47). These CD5~ B
cells, named the “sister population” to reflect their



putative similarity to CD35* B cells, are thought to arise
from a distinct B cell lineage (152). Although the ability
of the murine “sister” (CD3~) B cells to produce anti-
bodies similar to those made by CD5* B lymphocytes
has not been conclusively established (153, 154), we
recently obtained evidence for the production of poly-
reactive antibodies by an analogous (CD57) “sister” B
cell population in human peripheral blood (Kasaian er
al., manuscript in preparation). The characterization of
the human “sister” (CD5~) B cell population would
represent a further step toward the definition of discrete
functional and phenotypic layers of specialization and
complexity within the B cell repertoire, as proposed by
Herzenberg and Herzenberg (150). Many issues con-
cerning the functional features of the “conventional”
CD5™ B cell subset still remain to be addressed. Is there
a role for CD5" B cells in antigen presentation or in
helping other B cells to produce antibodies (24)? What
is the precise contribution of the self-replenishing and
self-maintaining nature of CD5" B cells to the estab-
lishment of human CDS5* B cell leukemias or lympho-
mas? Similar issues would most likely apply to the
(CD57) “sister” B cell subset. It is tempting to speculate
that (CD57) “sister” B cells may contain progenitors of
the lymphocytes eventually producing high affinity,
mainly IgG, autoantibodies in those autoimmune dis-
eases, e.8., SLE, in which such potentially pathogenic
autoantibody-producing cells have been shown to seg-
regate mostly within the CD5~ B cell compartment.
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