iting avascular necrosis and those of the
Clidastes material that did not. Exposure to a
radiation source is an interesting possibility
because radiation bombardment is one sug-
gested cause for Cretaceous extinctions (13).
This probably would not be recognizable as
an increase in bone radioactivity, but should
have affected Clidastes also, and might be
sought in other contemporary animals.

It is also known that bismuth poisoning
can cause avascular necrosis (I14); electron-
probe analysis of some of the affected verte-
brae failed to yield any significant concentra-
tions. It is possible, however, that the diets
of Tylosaurus and Platecarpus included orga-
nisms that concentrated some similarly toxic
elements.

The most likely explanation for the high
frequency of avascular necrosis in mosasaurs
is caisson disease or the bends. Although
whales apparently do not suffer bends, their
anatomical modifications may not have been
present in the mosasaurs. Young reported
that whales store extra oxygen in the retea
mirabile, an extensive blood vessel network
(15). The high frequency of avascular necro-
sis in mosasaurs suggests that they lacked
such an intravascular oxygen storage system.
If such an oxygen-storage system was a later
evolutionary event, the oxygen-storage sys-
tem for mosasaurs may have been the air
spaces of the lungs. This might have resulted
in the equivalent of the scuba apparatus—
associated phenomenon of avascular necro-
sis. The implications for mosasaurs tran-
scend the bony phenomenon noted; the
manifestations of avascular necrosis in man
include symptomatology such as cerebrovas-
cular accidents, which are detrimental to the
organism’s survival.
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Human Lymphocyt

es Making Rheumatoid Factor and

Antibody to ssDNA Belong to Leu-1* B-Cell Subset

PAaoLo CAsALL, SAMUELE E. BURASTERO, MINORU NAKAMURA,
GIORGIO INGHIRAMI, ABNER Louls NOTKINS

B lymphocytes bearing the Leu-1 cell-surface antigen (Leu-1*), the human equivalent
of mouse Ly-1* B lymphocytes, have been detected in human peripheral blood, but
there is little information on their frequency and properties. Analysis by fluorescence-
activated cell sorter and double immunofluorescence showed that Leu-1* B cells are
consistently present in the peripheral blood and spleens of healthy subjects and
constitute 17.0 £ 5.0% (mean value * standard deviation) and 17.3 x 3.9%, respec-
tively, of total B cells. When purified Leu-1* and Leu-1~ B lymphocytes were
transformed into immunoglobulin-secreting cells by infection with Epstein-Barr virus
and the culture fluids were tested for reactivity with self-antigens, at least two
important autoantibodies, antibody to the Fc fragment of human immunoglobulin G
(rheumatoid factor) and antibody to single-stranded DNA, were found to be made
exclusively by Leu-1* B cells. It is concluded that the Leu-1* lymphocytes represent a
major subset of the normal human B cell repertoire and include the B cells capable of
making autoantibodies similar to those found in systemic lupus erythematosus and

rheumatoid arthritis.

HE LY-1 MARKER IS TYPICALLY EX-

I pressed on the surface of all mouse T

lymphocytes  (Thy-1%), including
the helper and the suppressor/cytotoxic T
cell subsets (I). The Ly-1 marker is also
expressed on the surface of a minor subset of
normal mouse B lymphocytes, albeit at a
low density (2—4). In autoimmune NZB
mice, this Ly-1" B cell subset is expanded
and is responsible for the immunoglobulin
M (IgM) “spontaneously” secreted in vitro
by spleen cells (3, 5). These IgM include
autoantibodies that react with single-strand-
ed DNA (ssDNA) and thymocytes (5).

A fraction of human B lymphocytes from
adult peripheral blood, lymph nodes, and
tonsils were shown to express at low density
the surface Leu-1 (CD5) molecule, the hu-
man equivalent of the mouse Ly-1 molecule
(6-10). We have now used specific mouse
monoclonal antibodies to Leu-1 and to hu-
man B lymphocytes in double-fluorescence
flow cytometry to identify and quantitate
Leu-1* B lymphocytes in peripheral blood
and spleens from healthy adult subjects.
Using in part a methodology we recently
described (11), we separated Leu-1* B cells
from their Leu-1" counterparts by cell sort-
ing and infected the cells with Epstein-Barr
virus (EBV), which transforms B lympho-
cytes into immunoglobulin (Ig)-secreting
cells. Culture fluids were then investigated
for Ig content and reactivity. The lympho-
cytes capable of producing autoantibodies
similar to those found in at least two impor-
tant human autoimmune diseases, systemic
lupus erythematosus (SLE) and rheumatoid
arthritis (RA), consistently segegated with
the Leu-1" B cell subset.

The first set of experiments was designed
to identify and quantitate Leu-1* B lympho-

cytes in healthy subjects. A mononuclear cell
fraction enriched in B cells was prepared
from human peripheral blood (12) and
treated with  phycoerythrin-conjugated
mouse monoclonal antibody (PE-mAb,
IgG2a) to B1 (CD20, a B cell marker) and
biotin-labeled mAb (biot-mAb, 1gG2a) to
Leu-1. The cells were washed, incubated
with fluorescein-conjugated avidin (FITC-
avidin), washed again, and analyzed by fluo-
rescence-activated cell sorter (FACS) (Fig.
1) for the presence of B lymphocytes bear-
ing the Leu-1 marker. Figure 1D shows that
approximately 14.0% of B1* cells (red fluo-
rescence) also displayed the Leu-1 marker
(green fluorescence). Leu-1 was expressed at
low density on the surface of these B lym-
phocytes as indicated by their “dim” green
fluorescence (cells within rectangle, upper
right quadrant of Fig. 1D) as compared
with the stronger fluorescence intensity of
the residual T cells (Fig. 1D, lower right
quadrant) also present in the material sub-
mitted for analysis. By this procedure, the
percentage of Leu-1" B lymphocytes in the
peripheral blood of 18 healthy subjects was
measured. It was found that 9.0% to 26.6%
(mean + SD, 17.0 £ 5.0%) of B cells were
Leu-17. Similarly, Leu-1* B cells represent-
ed 15.3% to 23.6% (17.3 = 3.9%) of the B
lymphocytes recovered from the spleen of
six adult subjects. In other experiments,
similar percentages of Leu-1* B lympho-
cytes were detected with different mAbs to
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Laboratory of Oral Medicine, National Institute of Dental
g{oegcéazrch, National Institutes of Health, Bethesda, MD
G. Ing:irami, Kidney Disease Section, National Institute
of itis, Diabetes, and Digestive and Kidney Diseases,
National Institutes of Health, Bethesda, MD 20892.
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Fig. 1. Identification and 64 AT
quantitation of human Leu-
1* B lymphocytes in periph- 48 - L

eral blood from a healthy
subject: two-color FACS
analysis. Approximately 10°
B cells (12) were incubated
for 45 minutes in 0.1 ml of
ice-chilled Hanks balanced
salt solution without Ca®*,
Mg?*, or phenol red and

B B cells were “gated,” and Leu-1* and Leu-
17 subsets were identified and sorted (Fig.
2A). After the sorting procedure was com-
pleted, B cells from the putative Leu-1" and
Leu-1" fractions were reapplied to the
FACS to verify the degree of separation
previously achieved. All negatively (Leu-17)
sorted cells (Fig. 2B) and most of the posi-
tively (Leu-1%) sorted cells (Fig. 2C) fell

with 1% bovine serum albu-
min (BSA-HBSS) contain-
ing (A) biotinylated IgG2a
mAb with irrelevant speci-
ficity (1 pg); (B) biotinylat-
ed IgG2a mAb to Leu-1
(0.25 g, Becton and Dick-
inson; Mountain View, Cal-
ifornia); (C) phycoerythrin-
conjugated mouse mAb to
Bl (1 pg of PE-conjugated
mAb to B1, Coulter, Hiale-
ah, Florida); (D) both PE-

Red fluorescence intensity (B1)

within the coordinates established for the
sorting procedure.

To study the capacity of the sorted cells to
make antibodies, we transformed Leu-17
and Leu-1" B lymphocytes into Ig-secreting
cells by infection with EBV (11, 14). After
infection, the cells were distributed at vari-
ous doses in 96-well, U-bottom plates con-
taining 10° irradiated (2500 rads) human
peripheral blood mononuclear cells as feeder

conjugated mAb to Bl and
biotinylated mAb to Leu-1.
All cell samples then were
washed, suspended in 0.1

ml of BSA-HBSS containing FITC-avidin (1.5 pg; Sigma, St. Louis, Missouri), and incubated for
another 45 minutes in ice. After further washing, the cells were submitted to FACS analysis (FACS 440
equipped with an argon laser, Becton and Dickinson). Fluorescein (green) and phycoerythrin (red)
emission lights were collected with appropriate filters at 525 and 575 nm, respectively. Contourgrams
are the graphic representation of three-dimensional surfaces in which coordinates of the green and red
fluorescence intensities of individual cells define the location of cells on a 64 by 64 grid, and the
frequency of cells at each location defines the elevation of that location. Contourgrams were computer-
generated to represent equal step changes in elevation. Cells showing both red fluorescence (B1™) and
green fluorescence (Leu-17) within the limits of the rectangle identified by the dotted lines in the upper
right quadrant of (D) constituted 14.0% of total B cells and were considered Leu-1* B lymphocytes.
The cells in the lower right quadrant of (D) showing only green fluorescence (Leu-1*) constituted

residual T cells.

Green fluorescence intensity (Leu-1)

layers (11, 15). Unfractionated B cells (B1-
positive cells passed through the FACS)
were similarly processed. After 4 weeks of
incubation, culture fluids were harvested
and investigated for their Ig content with a
battery of enzyme-linked immunosorbent
assay (ELISA) plates suitable for the titra-
tion of total Ig of various isotypes. Table 1
shows that equal numbers of Leu-1*, Leu-
17, or unfractionated B lymphocytes from
the same donor secreted roughly compara-
ble amounts of total IgM, IgG, IgA, and
IgD after infection with EBV. Moreover,
the frequency of B lymphocytes secreting Ig
of various isotypes after infection with EBV

Leu-1 (namely, B36.1) and B cells (OKB7
and B2) (13).

To delineate the functional characteristics
of the Leu-1" B lymphocytes, we used
FACS to separate Leu-1" B cells from Leu-

17 B cells. Peripheral blood B lymphocytes
were simultaneously treated with PE-conju-
gated mAb to Bl and biotinylated mAb to
Leu-1, incubated with FITC-avidin, and
then applied to the FACS. Red fluorescent

was approximately the same among Leu-1%,
Leu-17, and unfractionated B cells (Table
1). The binding activity of Ig produced by
EBV-infected Leu-1*, Leu-1", and unfrac-
tionated B lymphocytes was then investigat-

= T ’ 300 “r ! 300 o4 B |
= | . N _ 300
@ i A E .l B 5 { C 5
> I E 200 I Eoo . E
- ]
FELH 8- 1 agf- 1 2%
| [7] |
2 L2100 L g 100 L2 100
= Ir_“‘: [5) ! (&) | ($]
3 32 Lo 321 '
g : 0 40 80 120 160 : 0 40 80 120 160 0 40 80 120 160
9 ! Green fluorescence ! Green fluorescence Green fluorescence
g : {
3 16 PR 16 F-———— %— —————————————————————————————————————————————————————
! |
ko] |
& | !
I | ] L I | | L | | J
32 48 64 16 32 48 64 16 32 48 64

Green fluorescence intensity (Leu-1)

Fig. 2. Sorting of Leu-1* cells from peripheral blood B lymphocytes of a
healthy subject. B lymphocytes (5 x 107) were simultaneously reacted with
PE-conjugated mAb to Bl (50 pg) and biotinylated mAb to Leu-1 (12.5
pg), washed, and then reacted with FITC-avidin (50 wg). After further
washing, cells were applicd to the FACS for analysis. Leu-1" B lymphocytes
were identified as cells showing both red fluorescence (B1*) and green
fluorescence (Leu-1*). (A) Cells included within the left dotted (20% of
total B cells) and right dotted (10% of total B cells) rectangles were
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considered Leu-1" and Leu-1* B lymphocytes, respectively. These two cell
fractions were then sorted, collected, and reapplied to the FACS to evaluate
the degree of separation. (B and C) These contourgrams show that all the
negatively sorted cells (Leu-17) and most of the positively sorted cells (Leu-
17%) fell back within the coordinates respectively established for the sorting
procedure. Insets represent the green fluorescence profiles of B cells analyzed
in contourgrams A, B, and C. Contourgrams and profiles show that the
sorted Leu-1* and Leu-1" B cell fractions overlap only marginally.
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ed. ELISA plates coated with purified Fc
fragment of human IgG, purified ssDNA, or
purified tetanus toxoid (TT) were used to
measure antibody activity in the culture
fluids (16). Virtually all lymphocytes pro-
ducing antibodies (IgM) to the Fc fragment
of human IgG and to ssDNA segregated
with the Leu-1* B cells (Fig. 3). Similarly,
production of IgG antibodies to ssDNA was
predominantly associated with Leu-1* B
cells. In contrast, when the binding activity
to TT, a common exogenous molecule, was
investigated, it was found that all IgG mole-
cules to TT were made by the Leu-1~ B
cells, whereas the IgM molecules to TT were
made predominantly by the Leu-1" B lym-
phocytes. Similar data were obtained in
separate experiments from five other healthy
subjects.

The present studies show (i) that Leu-1*
B lymphocytes can easily be detected in
relative large numbers in the peripheral
blood of healthy subjects by double-fluores-
cence flow cytometry; (ii) that these Leu-1*
B lymphocytes can be separated as a discrete

cell subset from most B cells (Leu-17) by
FACS and driven to secrete Ig molecules
of the four major isotypes (IgM, IgG, IgA,
and IgD) by infection with EBV; (iii) that
virtually all lymphocytes capable of produc-
ing antibodies to the Fc fragment of human
IgG and ssDNA segregate with the Leu-1*
B cell subset; and (iv) that lymphocytes
producing IgG antibodies to at least one
exogenous molecule, TT, segregate with the
Leu-1" B cell population.

The definition of the window chosen to
sort Leu-1" B lymphocytes from peripheral
blood B cells was necessarily arbitrary.
However, the number of Leu-1* B cells
detected (about 17% of total B cells) proba-
bly represents a more realistic measure than
the 3% previously reported (7) by simple
fluorescence microscopy, a much less sensi-
tive procedure than FACS for appreciating
“dim” fluorescent cells. In our experiments,
the verification that B cells originally de-
fined as Leu-1* were indeed Leu-1* came
from the results of studies in which B cells
sorted as Leu-1" did have the same coordi-

nates on reanalysis (Fig. 2). Our experi-
ments also established that human Leu-1* B
lymphocytes could be infected by EBV as
efficiently as Leu-1~ B lymphocytes (17).
Moreover, the amount of IgM, IgG, IgA, or
IgD secreted by EBV-infected Leu-1" B
cells did not significantly differ from that of
Leu-1~ B cells, or for that matter unfrac-
tionated B lymphocytes (Table 1).

In terms of functional properties, the Leu-
1" B cell fraction from normal healthy
subjects contained most of the lymphocytes
capable of producing antibodies to ssDNA
and the Fc fragment of IgG. In contrast, the
Leu-1" B cell fraction contained few or no
lymphocytes capable of making these auto-
antibodies. In other experiments, lympho-
cytes that made IgM antibodies to other
autoantigens, insulin and thyroglobulin,
also segregated primarily with the Leu-1* B
cell subset. However, IgM antibodies to at
least one “exogenous” antigen, TT, were
also produced by Leu-1* B cells. Similar
results were recently obtained with another
exogenous antigen, B-galactosidase from

ssDNA, IgG

Fig. 3. Antibodies pro-
duced by human Leu-
1*, Leu-1", and unfrac-
tionated B lymphocytes
infected with EBV. Mi-
croculture plates were
seeded with EBV-infect-
ed cells at various doses
: in the presence of irradi-
ated feeder layers (Table

* 1). After 4 weeks of cul-

ture, fluids were tested

Leu-1"  Unfraction- for antibody activity.
ate Enzyme-linked  immu-
nosorbent assays were

used for the titration of
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antibodies to the purified Fc fragment of human IgG, ssDNA, or
TT. Culture fluids from the EBV-transformed cells were added to
the various antigen-coated plates and incubated for 2 hours at room
temperature. After the plates were washed with phosphate-buffered
saline-Tween-20 (0.05%), peroxidase-conjugated affinity-purified
goat F(ab’), fragment to human IgM or IgG (Cooper Biochemical)
was added to different plates and allowed to react for 2 hours at
room temperature. After further washing, bound enzyme-linked
probes were detected by using orthophenylenediamine and H,O, as
substrate. Reference antibody-binding curves for ssDNA and the Fc
fragment of IgG were constructed with human antibodies to
ssDNA and the Fc fragment of IgG obtained from patients with
SLE and RA, respectively. Reference antibody-binding curves were
similarly constructed for TT with antibodies obtained from subjects
recently vaccinated with TT. Each dot represents the concentration
of antibody (expressed as absorbance at 492 nm) in the culture fluid
from a single microculture well. Approximately 100 microculture
wells were assayed in each column. Microculture wells that had been
seeded with 1000 cells per well were used, the exception being the
assays for IgG antibody to TT and ssDNA, for which plates that had
been seeded with 2000 cells per well were used.
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Table 1. Production of IgM, IgG, IgA, or IgD by EBV-infected Leu-1*, Leu-1~, and unfractionated B
lymphocytes. Leu-1" and Leu-1~ B lymphocytes from one donor were selected by FACS. Unfraction-
ated B lymphocytes comprised the whole B cell fraction passed through the FACS. Cells were infected
with EBV and cultured at various doses in 96-well, U-bottom plates in the presence of 10° irradiated
peripheral blood mononuclear cells as feeders. After 4 weeks, culture fluids were assayed for Ig content
by ELISA plates coated with goat F(ab’), fragment to human Ig (IgM + IgG + IgA) or to human IgD
by a procedure similar to that described in the legend to Fig. 3. Bound immunoglobulins of various
isotypes were detected by peroxidase-conjugated affinity-purified goat F(ab’), probes to human IgM,
IgG, IgA, or IgD (Cooper Biochemical). Reference curves were constructed with purified human IgM,

present in significant numbers in the normal
human B cell repertoire, that they can be
segregated by FACS from the Leu-1~ B
cells, and that both Leu-1" and Leu-1- B
cells can be transformed by EBV to make
antibodies with discrete reactivities should
make it possible to evaluate the roles of these

IgG, IgA, or IgD and used to estimate the Ig content (expressed in nanogram equivalents) of culture
fluids. The amount of Ig produced is given in nanogram equivalents of Ig produced by 500 cells over a
period of 4 weeks and shown as the mean + SD from 176 microculture wells. All wells were positive for
cell transformation and Ig production. The fraction of B lymphocytes producing Ig of a given class was

calculated by limiting dilution methodology

and analysis according to Poisson distribution (15). Cells

were cultured in amounts of 2000, 1000, 500, 100, 50, 20, 10, 5, and 2.5 per well. Forty-eight

microcultures were used for each cell dose.

Leu-1* Leu-1~ Unfractionated
Ig class Amount Fraction Amount Fraction Amount Fraction
of Ig produc- of Ig produc- of Ig produc-
produced ing Ig produced ing Ig produced ing Ig
IgM 7000 * 692 1/3 7600 + 754 1/3 8250 + 479 1/3
IgG 200 = 36 1/70 310+ 44 1/55 395+ 40 1/60
IgA 71 11 1/65 77 £ 32 1/75 105+ 7 1/70
IgD 62+ 13 1/65 75+ 19 1/75 75+ 10 1/70

Escherichin coli. These findings, although still
limited in scope, suggest that the label
“autoantibody-producing B lymphocytes”
that one might be tempted to attach to Leu-
1*, and perhaps Ly-1" B cells, may not be
appropriate. In fact, preliminary data from
our laboratory suggest that the Ig produced
by Leu-1* B cells from normal subjects
constitute the class of antibodies that have
been variously described as multiple organ—
reactive or polyreactive (11, 15, 18, 19). It
has been suggested that the Vy genes used
by cells that make these antibodies are in the
unmutated (germline) configuration (19—
22). The fact that the Leu-1* subset of B
cells is the primary source of antibodies to
ssDNA and the Fc fragment makes it possi-
ble that only a selected number of Vy gene
families are involved in the production of
these autoantibodies. This also would be
compatible with the finding that polyreac-
tive autoantibody molecules show a high
incidence of idiotypic cross-reactivity in hu-
mans and mice (19, 20, 22-24).

In contrast to their IgM-producing coun-
terparts that segregated with the Leu-1" B
cells, lymphocytes producing IgG to TT
segregated with the Leu-1~ B cells. This
raises the possibility that lymphocyte clones
that had previously gone through genuine
antigen-driven amplification and mutation
by an exogenous molecule, as is likely the
case with B lymphocytes producing IgG to
TT, belong to the “conventional” compart-
ment (Leu-17) of the B cell repertoire.
Further studies are needed, however, to
determine whether the Leu-1" B cells pro-
ducing IgG to TT originally stemmed from
TT-binding Leu-1" B cells or possibly from
Leu-1" B cells that differentiated into Leu-
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17 B cells. There is some evidence that
expression of Leu-1 may be associated with
an early stage of B cell differentiation. In-
deed, “dim” Leu-1" B lymphocytes are pres-
ent in large numbers in fetal spleen and
lymph nodes (8, 9) and constitute the ma-
jority of graft-derived B lymphocytes that
repopulate the host after bone marrow
transplantation (10). In this context, chronic
B-lymphocytic leukemia cells, which consis-
tently express the Leu-1 marker, may repre-
sent the neoplastic counterpart of the early
stage of B cell differentiation (6).

What is the relevance of our findings to
autoimmunity? Antibodies binding to
ssDNA and the Fc fragment of human IgG
are characteristic of at least two important
human diseases, SLE and RA. Several stud-
ies indicated that healthy individuals have
circulating B lymphocytes capable of pro-
ducing antibodies to ssDNA, the Fc frag-
ment of IgG, and other self-antigens (11, 15,
18-20, 23). We showed that these lympho-
cytes constitute a discrete B cell subset that
can be segregated by a distinct surface mark-
er (Leu-1). In healthy humans these Leu-17"
B cells are most likely present in a resting
state, associated with no or a few circulating
antibodies. Activation of these cells in vivo
could be associated with the accumulation
of circulating autoantibodies (7). The dem-
onstration that a discrete subset of B cells
(Leu-1%) makes autoantibodies raises the
possibility that, in diseases such as SLE, RA,
or Sjogren’s syndrome, the amplification of
autoantibody-producing B cell clones may
not necessarily be an antigen-driven process
but could be due to a variety of factors
including viruses, oncogenes, or growth fac-
tors. The findings that Leu-1" cells are

ce

lls in autoimmune disorders.
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SRBC rosetting, enriched B lymphocyte fraction is
referred to here as B cells.
B36.1 is an IgG2b mAb to Leu-1 (CD5). OKB7
and B2 are two different mAbs to the C3d receptor
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Calf thymus ssDNA was prepared by boiling (10
minutes) highly polymerized DNA (Sigma, St. Lou-
is, MO) followed by chilling in ice; purified Fc
fragment of human IgG was obtained from Cooper
Biochemical (Malvern, PA); and semipurified TT
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Rheumatoid Factor Secretion from Human
Leu-1* B Cells

RicHARD R. HArRDY, KYOKO HAYAKAWA, MASATOSHI SHIMIZU,
KATSUHIKO YAMASAKI, TADAMITSU KISHIMOTO

A human B cell subpopulation identifiable by the expression of the cell surface antigen
Leu-1 (CDS5) is responsible for most of the immunoglobulin M rheumatoid factor
secreted in vitro after the cells are stimulated with Staphylococcus aureus. The ability of
B cells bearing the Leu-1 marker (Leu-1") to secrete rheumatoid factor is present early
in development and extends to adulthood, since Leu-1* B cells from cord blood and
from peripheral blood lymphocytes of both normal adults and patients with certain
autoimmune conditions secrete rheumatoid factor in comparable amounts. The
neonatal enrichment of Leu-1* B cells, the presence of Leu-1* B cells in increased
frequencies in patients with autoimmune disease, and the involvement of Leu-1* B
cells in autoantibody secretion suggest both developmental and functional homologies
between this human B cell subpopulation and the murine Ly-1 B cell subpopulation.

INCE THE EARLIEST DAYS OF IMMU-
S nology much interest has been fo-

cused on how the immune system
distinguishes between self and foreign anti-
gens and the disturbance of tolerance to self
antigens in autoimmune disease. Although
we are now beginning to understand many
of the mechanisms of the immune system,
this long-standing question remains unan-
swered. Contrary to earlier expectations, B
cells reactive with self antigens are not sim-
ply deleted, since accumulating data clearly
demonstrate that some autoreactive B cells
are constituents of the normal B cell popula-
tion (1).

We investigated the possibility that
expression of an unrestricted antibody rep-
ertoire might be limited to a particular
subpopulation of B cells rather than to a
“hyperactive” stage of B cells in general. Our
carlier work on the murine B cell subpopula-
tion Ly-1 B strongly suggested that these
particular B cells include autoantibody
specificities. These B cells, which express Ly-
1, a pan-T cell glycoprotein, are rare in
normal strains of mice but are readily detect-
ed in certain autoimmune strains such as
NZB and Me" (2—4). Ly-1 B cells some-
times show exclusive proliferation in older
NZB mice, and, in fact, the few B cells
found in young Me" mice are mostly Ly-1 B
[both strains are known to have high levels
of serum autoantibodies of the immuno-
globulin M (IgM) isotype]. Ly-1 B cells can
be distinguished from other “conventional”
B cells phenotypically, physiologically, and
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functionally. Indeed, our recent studies
strongly suggest that these cells may consti-
tute a lineage distinct from B cells that do
not express the Ly-1 glycoprotein (Ly-1~
cells) (5). One of the most distinctive fea-
tures of this Ly-1 B cell population is the
secretion of large amounts of autoantibodies
together with poor response to typical for-
eign antigens, resulting in a biased response
favoring autoantibody specificities (6).

The human homolog of Ly-1, known as
Leu-1 (OKT1, CD5), is a pan—T cell antigen
(7) and is also found on a fraction of B cells.
Although B cells expressing the Leu-1 anti-
gen (Leu-17) were first identified as a type
of B cell lymphoma (8), small numbers of
normal cells with this phenotype were de-
tected by immunofluorescence microscopy

in restricted anatomical regions (9). Further
work has shown that these cells constitute a
large fraction of B cells early in development
(10, 11) and also in patients recovering from
bone marrow transplantation (12). Large
numbers of Leu-1* B cells are found in
patients with rheumatoid arthritis (13), sug-
gesting a possible functional homology with
murine B cells expressing Ly-1.

Analysis of peripheral blood lymphocytes
(PBLs) from a group of randomly chosen
normal individuals has revealed a relatively
constant frequency of B cells (defined as
B1%) that express low levels of Leu-1 (CD5)
in the absence of other T cell-specific anti-
gens (Leu-2, -3, and -4). Although there is
some variation among individuals, Leu-1*
B cells typically constitute 2% to 3% of
PBLs and therefore 20% to 30% of total B
cells (Figs. 1 and 2). Furthermore, certain
individuals in the control group show a
distinctive higher frequency of Leu-1* B
cells in the range of 5% to 7% (see Fig. 1).
This “high” phenotype is unrelated to the
frequency of Leu-1" B cells and does not
represent a general B cell lymphoprolifera-
tion. The consistency of the frequency of
Leu-1* B cells in PBLs may suggest that this
frequency is controlled by genetic rather
than environmental factors.

Investigation of groups of patients with
different autoimmune diseases showed an

R. R. Hardy, K. Hayakawa, K. Yamasaki, T. Kishimoto,
Institute for Molecular and Cellular Biology, Osaka
University, 1-3, Yamada-Oka, Suita, Osaka 565, Japan.
M. Shimizu, Osaka-Minami National Hospital, Kawa-
chi-nagano, Osaka 586, Japan.
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Fig. 1. Peripheral blood of adults contains both high and low phenotypes of Leu-17 B cells, whereas B
cells from cord blood are largely Leu-17. Ficoll-separated PBLs or cord blood cells were stained with
fluorescein-conjugated B1 (Coulter) together with biotin-conjugated antibody to Leu-1 (Becton
Dickinson) followed by Texas red—avidin in a second incubation and then analyzed on a dual-laser
FACS 440 interfaced with a VAX-11/730 computer (2). The Leu-1* B region is boxed. Contour lines
are drawn to enclose equal percentages of cells.
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