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Increased Circulating CD5* B Cells in Human SLE:
No Correlation with the Level of Autoantibodies
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There has been a controversy about the association of the levels of CD5* B cell
subpopulation and autoantibodies in SLE. To date, there have been very few papers
which compared the levels of the subpopulation with several kinds of autoantibodies.
In the present work, we studied the correlations between the levels of circulating
CD5* B cells and autoantibodies against dsDNA, ssDNA, RNA, thyroglobulin, and
human 1gG in 14 Korean patients with systemic lupus erythematosus {SLE). The levels
of circulating CD5* B cells and total IgM in the sera were also compared in peripheral
bloods of these patients and normal individuals. The patients had remarkably elevated
levels of both circulating CD5* B cell subsets and titers of several autoantibodies as
compared with normals. A close association of the levels of CD5* B cell subsets with
the measures of any autoantibodies, however, was not observed. The levels of total
IgM in the patients increased as compared with normal individuals. Our data indicate
that the overally increased production of autoantibodies in these patients is due to a
polycional B-cell activation, not to a specific stimulation of CD5* B cell subsets.
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of many different B cells®®. The CD5 antigen which was

INTRODUCTION

Systemic lupus erythematosus (SLE} is an autoimmune
disease characterized by the deposition of autoantibo-
dies and immune complexes, leading to tissue damage.
Autoantibodies reacting to self-components have been
shown to play a pathogenic role in some autoimmune
diseases. However, it is not clearly understood whether
excess autoantibody productions reflect a specific stimu-
lation of autoreactive clones'® or a polyclonal activation

first described as a molecule restricted to T tymphocyte
is also expressed on some human B cell subset, called
CD5* B cells®. Contradictory results have been abtained
from different researchers about the roles of CD5* B cells
in both human and murine SLE. Some reports empha-
sized the significance of the CD5* B cells in the patho-
genesis of autoimmune diseases, but others observed
they are not critical to the pathogenesis. To understand
clearly the roles of CD5* B cells in health and disease
states, a great deal of effort has been made.
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One of the major abnormalities in NZB mice, the mouse
model most commonly used as the investigations of hu-
man SLE®, is the increased frequencies of Ly1* B cells
(CD5&* B cells in humans) in both spleens and perito-
neal cavities®. These Ly1* B cells have been shown to
be responsible for spontaneous secretion of IgM, which
recognize autoantigens such as erythrocytes, thymocytes
and ssDNAS"' I MRL-ipr/lpr mice, an another mouse
model of SLE, it has been reported that the autoantibody-
producing cell precursors are bone marrow-derived Ly1*
B cells™. We have also previously shown the increased
levels of Lyt* B cells in spleens and peritoneal cavities
of MRL-lprflor mice in comparison with those of normal
mice'®.

Human CD5* B cells are the predominant population
of B cells in fetal lymphoid organs and neonatal cord
bloods. The frequencies of CD5* B cells decreases dur-
ing development, becoming a minor proportion (only 5 to
10 per cent) of B cells in the peripheral bloods of healthy
adults™~"®, It was reported that the B cell subsets spon-
taneously secrete autoantibodies in humans as in mice
'"1% Because of the self-antigen binding activity of the
antibodies they produce, it has been suggested that
CD5* B cells may play an important role in autoimmune
process in humans. It has been shown that circulating
CD5" B cells were increased in numbers and they pro-
duced autoantibodies in Caucasian patients with rheu-
matoid arthritis (RA), Sjogren's syndrome (SS)y24".

However, several contradictory resuits have also been
reported. Casali et al."® have showed that high affinity,
monoreactive, 1gG autoantibodies, which are the charac-
teristics of autoantibodies found in SLE patients were
produced by the conventional CD5™ B cell subsets. It
has been reported that CD5* B cells were not expanded
in Caucasian patients with SLE?®. Liu et al® have shown
that there was no correlations between the levels of CD5*
B cells and the values of rheumatoid factor (RF) in
Chinese patients with Rheumatoid Arthritis (RA). A study
with Japanese RA patients has noted that 20~25% of
them have circulating CD5* B cell levels higher than the
Caucasian RA patients included in that study®.

We investigated the levels of CD5* B cells in the peri-
pheral bloods of Korean SLE patients by using two-color
immunofluorescence analysis. We alsc addressed the
question whether there were any correlations between
the levels of circulating CD5* B celis and the serum tit-
ers of several autoantibodies in the patients. In addition,
the role of polyclonal B cell activation was examined by
measurment of the levels of total IgM and several au-
toantibodies in the sera by ELISA.
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MATERIALS AND METHODS
Patients

Fourteen Korean patients with SLE registered at Ajou
University Hospital were evaluated. Eleven patients were
female and 3 were male. The mean age of these pa-
tients was 30 years, ranged from 14 to 42. All patients
met the ‘Revised classification criteria for SLE?*, includ-
ing autoantibody profile. A normat control group included
19 heathy volunteers. Fifteen volunteers were female and
4 were male. The mean age of these volunteers were
31 years, ranged from 23 to 41.

Direct-binding ELISA

To measure the titers of anti-dsDNA antibodies, anti-
ssDNA antibodies, anti-RNA antibodies, anti-thyroglobulin
antibodies, and anti-human IgG antibodies (RF) in pa-
tients’ and normals' sera by direct ELISA, 96 well poly-
styrene microtiter plates (Nunc, Denmark) were coated
with calf thymus dsDNA (Sigma chemical Co., MO, US.A),
calf thymus ssDNA (Sigma chemical Co.)}, thyroglobluin
(Sigma chemical Co.), human IgG (Sigma chemical Co.)
at each concentration of 5 pg/ml, or yeast RNA (USB,
Germany) at 100 pug/ml overnight at 4. For blank wells,
PBS were added instead of the coating antigens at the
same condition. The plates were washed three times with
PBS containing 0.05% Tween-20 (PBST) and blocked
with 3% BSA-PBST for 2h at room temperature (RT). One
hundred-fold dilutions of the sera in PBS were then added.
After incubation for 1h at RT, the plates were washed
three times with PBST, then incubated with a 1:30,000
dilution of alkaline phosphatase-conjugated goat anti-
human IgM (Sigma chemical Co.) in 1% BSA-PBST for
2h at RT. After washing five times with PBST, a substrate
solution of p-nitropheny! phosphate (Sigma chemical CO.)
was added. After 1 hr incubation at RT, absorbances
were measured at 405 nm using ELISA reader (Bio-Rad,
CA, U.SA.). To measure total IgM in the sera, same pro-
cedures were performed as those for measuring the tit-
ers of autoantibodies, except 5 ug/mi of human IgM were
used as coating antigen.

Preparation of peripheral blood mononuclear cells
(PBMCS)

Mononuclear cells were isolated from peripheral bloods
by centrifugation using Ficoll-Hypague (Sigma chemical
Co.). Cells were washed twice in serum-free DMEM medi-
um. To remove red blood cells, the cell suspension was
incubated with 0.17 M Tris-NH4C! for 2 mins at RT. Cells
were then washed three times with 2% FBS/PBS and ad-



CIRCULATING CD5" B CELLS AND AUTOANTIBODIES

justed to 1x107/ml in 2% FBS/PBS. Cell viability was
determined by Trypan bilue exclusion. in all samples,
more than 80% of cells were viable.

Staining of PBMCs

One hundred ul of the PBMC suspension (total 1x 10°
cells) and 5 pl of monoclonal anti-human CD5-Fluore-
scein (FITC) (Sigma chemical Co.) were added to a Fal-
con 2058 tube and were mixed gently. Unstained cells
for the control were prepared by mixing 5 pl of PBS in-
stead of the fluorochrome to the celis. The mixture was
incubated for 30 mins at RT in the dark place, and 2 mi
of cold 2% FBS/PBS (staining solution) was added. The
sample was centrifugated at 400 g for 5 mins. After the
supernatant was aspirated, cell pellet was resuspended
in 100 ni of staining solution and 5 pl of monoclonal anti-
human CD19 R-Phycoerythrin (PE) (Sigma chemical Co.),
and the same procedures were performed as those for
the anti-human CD5-FITC staining. The cell pellet was
resuspended in 1% paraformaldehyde in PBS for fixation
until FACS analysis.

Flow cytometric analysis

Analyses were performed with Coherent INNOVA 304-
laser FACSVantage Flow Cytometer (Beckton Dickinson,
CA. U.S.A) equipped with logarithmic amplifiers to meas-
ure light scatter and the amount of pairs of fluorochrome-
labeled monoclonal reagents bound to individual celis.
During the analysis, a Macintosh Quadra 650 (Apple
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Computer, CA, U.S.A)) and CellQuest program were used
to collect and store individual measurements on 10,000
cells for later analysis. Two-color staining data were pre-
sented as “dot plots® in which each dot represents one
or more events (cells or particles). To generate statistics
for a dot plot, quadrants were defined to divide dot piots
into four sections. Division of quadrant was determined
with controls including unstained and single stained
PBMC with either FITC-antibody or PE-antibody. The sta-
tistics of each quadrants were calculated as percentage
of the total events in a quadrant compared to the whole
plot.

Statistical analyses

The statistical significance of differences between the
levels of CD5* B cells in patients and those in normals,
and the levels of total IgM in two groups were assessed
by the Student's t-test. The statistical significance of
correlations of the levels of CD5* B cells and the titers
of the autoantibodies were analyzed by Spearman's
rank analysis.

RESULTS

Levels of CD19* B celis expressing CD5 antigen (CD
5% B cells; CD19* CD5" cells) in SLE patients were mar-
kedly elevated as compared with normal individuals;
mean percentages of CD5" B cells in total B cells were

CD19 PE

CDS FITC

B

Figure 1. Representative two-color immunofiuorescent stain profile of circulating CD5+ B cells in normal in-
dividuals (A) and patients with SLE (B). Fluorescence signal of CD5-FITC is displayed on X axis, CD19-PE on Y axis
(both in log scale). Based on control sample (unstained cells), dot plots were divided into four quadrants: unstained
celis {lower left); cells with both fluorochrome (upper right} or stained with either FITC-CD5 (lower right) or PE-CD19
(upper left). Numbers of upper right and upper left quadrants were added to calculate the number of total B cells.
Numbers of upper right divided by those of total B cells are the percentage of CD5" B cells.
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16.9% in patients and 7.8% in normals (Figure 1A and B).
Difference between the two groups showed statistical
significance (p<0.05) in student's t-test. Only 3 SLE pa-
tients represented less than 10% values. There were no
significant differences in numbers of total PBMC between
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Figure 2. Circulating B cells in the peripheral bloods
of normal individuals and patients with SLE. PBMCs were
separated and stained with anti-human CD19-PE and
anti-human CD5-FITC, and double stained PBMCs were
analyzed with flow cytometry. Results are given as per-
centages of CD5" B cell subsets in total B cells. Bars
indicate the mean values.
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the patients and normals. Numbers of total PBMC were
55x 10°+1.0 cells/mi of bloods in patients, ranged from
1.8 10° to 8.3x 10°. The numbers in normals were 5.3 x
10°+2.8 cells/ml of bloods, ranged from 2.1 x 10° to
6.8 x 10°. Percentages of CD19* B cells in PBMC also
were not much different between two groups; in patients,
they were 8.1+0.1% of lymphocytes, ranged from 5.3 to
11.4%; in normals, they were 8.9+2.5% of lymphocytes,
ranged from 3.8 to 13.8%. In normals, the average levels
of the CD5" B cells were between 5 and 10% in total B
cells (Figure 1B) which distribution was similar to previou-
sly reported data™'®. In SLE patients, the levels of the
CD5* B cell showed a wide range of distribution, which
is 5.8 10 41.8%.

Titers of the autoantibodies against several autoanti-
gens in the sera of patients were higher than those of
normal individuals (Table 1 and Figure 2). In each case
of autoantibodies, there were statistically significant diff-
erences between two groups (p<0.05). In the blank con-
trols, the O.D. values were less than 0.1. Titers of anti-
human IgG (RF) among other autoantibodies tended to
be increased most in these patients. The overall incre-
ment of the several autoantibodies suggest a possibility
of polyclonal B-cell activation in these patients.

Correlations of the levels of circulating CD5" B cells

Table 1. The profiles of patients with SLE

The titer of autoantibodies to®

% of CD5" CD19*

1 F 32 13yr PSN° (75) + + + + 9.66
2 F 37 2yr  PSN (5 + + + + +++ 18.68
3 F 39 2 yr None + + ++ + ++ +++ 584
4 F 34 4yr  PSN(5) + + + + + 24.96
5 M 32 3yr  PSN(125) + + + + + 22.02
6 M 40 1yr  PSN (5) + + + + + 15.93
7 F 14 1wk  PSN (40) + + + + +++ 10.88
8 F 30 6 mon PSN (10) + + + + + 10.53
9 F 31 6yr  PSN(125) ++ ++ + + ++ 18.45
i F 21 1yr  PSN (5) +++  +++ + +++ +++ 19.56
11 F 42  4yr  PSN (5) + + + + + 17.61
12 F 34 1 yr DFC® (12) ++ ++ + + +4++ 16.20
13 F 19 1wk None + + + ++ +++ 13.09
14 M 19 3yr  DFC (24) + + + + +++ 4176

2 The titers of autoantibodies were measured by direct binding ELISA. The titers of autoantibodies are expressed on
the basis of the difference in O.D. values in comparison with the negative control. When the O.D. value was less
than 2.0 times to that of blank, it was marked with +, 2.1 to 4 times with +, 4.1 to 6 times with + +, and more than
6.1 times with + + +. ® PSN; prednisolone, ¢ DFC; deflzacort, n.k.; not known.
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and the titers of the autoantibodies were analyzed by
Spearman’s rank analysis (Figure 3). A close association
of them with the measures of any autoantibody was not
observed, although a relatively better correlation was
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Figure 3. Correlations of the levels of CD5* B cells
and the titers of each autoantibodies. R values ob-
tained by Spearman's rank analysis are: RF, -0.004;
dsDNA, 0.04; RNA, 0.3; thyroglobulin, -0.08; ssDNA,
0.07. P values are: RF, 0.78; dsDNA, 0.98; RNA, 0.25;
thyroglobulin; 0.78; ssDNA, 0.87.

shown with the levels of anti-RNA autoantibody than with
others.

The levels of total IgM in the sera of the patients and
normal individuals were compared by ELISA (Figure 4).
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Figure 4. Levels of total IgM in the sera of normal in-
dividuals and patients. Results from ELISA are given as
O.D. values at 405 nm. Each points in the graphs are
averages from four repeat wells. Data are representative
of three experiments. Bars indicate the mean values.

Although difference was not remarkable, the IgM levels
of the patients tended to be slightly higher than those
of the normals. IgM levels which was marked as O.D.
at 405 nm was 0.940.10 in patients and they were 0.8
+0.05 in normals. Difference between the two groups
were in a range of significance (p=0.045) in student's ¢
fest. In addition to the results of the increased titers of
autoantibodies in the patients' sera, these results also
suggest a role of polyclonal B-cell activation in the pa-
thogenesis of SLE.

DISCUSSION

We show in this paper that both CD5* B cells and au-
toantibodies are present in higher levels in the peripheral
bloods of the Karean SLE patients than in those of nor-
mal individuals although levels of circulating CD5" B cells
are not correlated with titers of autoantibodies. There
have been several other reports on elevated CD5* B
cell levels in patients with SLE?"~* although a few stu-
dies with Caucasian patients with SLE showed con-
tradictory results, including the data reporting that CD5*
B cells in patients with SLE were not expanded'®?®. We
suggest that an asscciation of the high levels of CD5"
B cells and autoantibodies with SLE disease might be
related to underlying autoimmune process or an indica-
tor of activation of immune system.

The levels of circulating CD5* B cells were not cor-
related with titers of any autoantibodies against dsDNA,
ssDNA, RNA, thyroglobulin or IgG. Our data argue aga-
inst several previous reports, which suggested CD5* B
cells might be responsible for producing autoantibodies
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in humans''® and mouse models®'®™. Our results em-
phasize the significance of conventional CD5~ B cells
in the production of autoantibodies which were sugge-
sted by other groups'?1%2),

CD5* B celis have been found in high numbers in
fetal spleens, patients of chronic lymphocytic leukemia,
recipients of bone marrow allografts, and patients with
autoimmune diseases, such as RA or S§™#2"  Athough
CD5* B cells have been implicated in autoimmunity in
several studies in mice and humans, the relationship
between the CD5* B cells and autoantibody production
and the involvement of the B cell subsets in the patho-
genesis of SLE have not been defined clearly yet. Pre-
vious observations that high affinity, monoreactive, 1gG
autoantibodies are produced by the conventional CD5~
B cell subset'®'%* are well supported by our results that
levels of circulating CD5* B cells are not correlated with
levels of any autoantibodies in Korean patients with SLE.
Our results indicate autoantibody production is not crit-
ically dependent on the expansion of the CD5* B cell
subset as suggested previously®. We suggest that po-
lyclonal B cell activation might be responsible for the in-
creased production of autoantibodies and abnormal ex-
pansion of CD5" B cells observed in our study. A gen-
eralized polyclonal B celi activation of many different B
cells, instead of expanding a specific B cell clones,
might contribute to the pathogenesis of human SLE.

Various aspects about the levels of CD5* B cells in
autoimmune diseases have been reported in different eth-
nic groups with RA and SLE. From the family and twin
studies it has been shown that the levels of circulating
CD5* B cells appeared to be under a genetic influence
3192 Japanese patients with RA have showed higher fre-
quencies of circulating CD5* B cells than Caucasian RA
patients®™. Furthermore, Liu et al.?? showed that there
was no correlation between levels of CD5* B cells and
values of RF in Chinese patients with RA. In Caucasian
SLE patients, the levels of circulating CD5" B cells were
not higher than those of normal individuals'™. Our results
obtained from Korean patients with SLE, however, show
the higher levels of the circulating CD5* B cells in com-
parison 1o normals. The higher levels of circulating CD5*
B cells in addition to those of autoantibodies may pre-
dispose to an increased risk of developing SLE in Kore-
ans. The results might suggest the possibility of the in-
fluence of genetic background on the tendency of in-
creased CD5* B cells in peripheral bloods in SLE pati-
ents. Whether such a different trend could also be iden-
tified among other ethnic backgrounds awaits a further
investigation.
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