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Abstract. CD5* B cells have been shown to be disproportionately associated with
autoimmune diseases and transformation. In many cases, their apparent ability to bypass
self-tolerance is manifested by the production of autoantibodies. These observations,
plus the hypothesis that CD5* B cells represent a distinct B cell lineage, encourage
studies into the conditions and factors that influence their development. In the present
study, we employed a well-established assay for murine CD5* B cell function, i.e., their
ability to augment the responses of IgH®-linked idiotypic determinants on anti-(4-hy-
droxy-3-nitrophenyl) acetyl (NP) antibody (NbP°) idiotype-bearing CD5~ B cells to a T-
independent antigen, together with multiple methods of cell surface phenotyping, to
evaluate the potential for interleukin (IL) 4 to effect maturation of CD5* B cells, CD5*,
IgM*, Thy-1-, and NP® idiotype-specific cells panned on antibody-coated petri dishes or
sorted by flow cytometry from spleen were capable of augmenting NP® idiotypic re-
sponses of NP-KLH-primed responder cells to NP-Ficoll. Splenic B cell populations
depleted of CD5" B cells failed to affect idiotype expression even after 2 days in culture,
a time when a small percentage of CD5* B cells appeared to be regenerated. However,
idiotype-specific regulatory activity could be restored in CD5~ splenic B cell populations
by culture for 2 days with recombinant IL-4. Cells responsible for idiotype-specific
regulatory activity after culture with IL-4 were in fact CD5*, IgM*, and Thy-1.2~ B cells,
demonstrating that IL-4 can drive the functional, if not the phenotypic, maturation of
splenic B cells associated with the CD5* B cell lineage. The results illustrate one
possible mechanism by which T cells could control the maturation of cells belonging to

the CD5* B cell lineage.
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ceived considerable attention in the last 10 years

because of their frequent association with lym-
phoproliferation (1), lymphocyte transformation (2-6),
and autoimmunity (7-12). Although they represent 1-
3% of the peripheral lymphoid pool in adult mice,
CDS5™ B cells are frequently detected as murine B cell
lymphomas and rapidly growing B lymphoblastoid cells
(4, 6, 13). Originally thought to be rare in the human
blood, this “minor” B cell subset may comprise 15% of
normal peripheral B cell populations (8, 9, 14) and is
responsible for 94% of all malignant human B cell

B cells that express CD5 (Ly-1, Leu-1) have re-
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chronic lymphocytic leukemias (3). A role for CD5™ B
cells in autoimmunity has been suggested by their sub-
stantially increased frequency in autoimmune New
Zealand black and “motheaten viable” mice (10, 15)
and their expansion in rheumatoid arthritis (8, 11),
Sjogren’s syndrome (16), and graves’ disease (17) pa-
tients. CD5* B cells tend to secrete autoantibodies,
including rheumatoid factors (8, 11, 18, 19). It has also
been suggested that an expanded population of CD5*
B cells plays a role in immunity to Trypanosoma cruzi
(20).

In a number of autoimmune diseases and disease
models, an increase in B cell activity and/or autoanti-
body production has been associated with hyperacti-
vation of T cells (21-24). These observations, together
with an increase in CD5" B cell frequency in autoim-
munity, suggest that T cells play a role in CD5* B cell
development. The purpose of the present study was to
determine the potential for T cell-mediated develop-
ment of CD5* B cells.
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To approach this question, the maturational state
of this B cell subset was defined by the ability of CD5*
B cells to provide idiotype-specific activation signals to
conventional, antigen-specific CD5~ B cells (10, 25-
30). We reported previously that CD5* B cell popula-
tions from normal or autoimmune mice or CD5™ hy-
bridomas can provide activation signals to (4-hydroxy-
3-nitrophenyl acetyl hapten (NP)-specific responder B
cell populations that express members of the IgH®-
linked idiotypic determinants on anti-NP antibody
(NP)®. CD5* B cell function is observed as an increase
in the NP® idiotype portion of B cell responses to NP-
Ficoll in the absence of T helper cells. This activity
resembles the idiotype-specific and/or IgH-restricted
helper activity of B cells reported by other investigators
(31-33). In the NP system, CD5™, IgM™* B cells perform
this function by secreting (autoreactive) NP® idiotype-
specific antibody (27) and at least one nonspecific B
cell-activating lymphokine (29). These results suggest
that at least one nonpathologic function for autoanti-
body-producing CD5* B cells may be to regulate con-
ventional CD5~ B cell responses through idiotype
networking.

Interleukin (IL) 4 was of particular interest for the
present studies because of its documented stimulatory
effects on several different cell types, including conven-
tional B cells (34), peritoneal lymphocyte populations
rich in CD5* B cells (35), and CD5* B lymphomas
(36). By combining the assay for functionally mature
CD5* B cells with multiple approaches to B cell surface
antigen phenotyping, it was possible to investigate con-
ditions for development of cells related to the CD5*
B cell lineage. Data presented in this report provide
support to our previous conclusion that idiotype-spe-
cific CD5* B cells affect idiotypic B cell responses.
Furthermore, they demonstrate that IL-4 induces func-
tionally mature CD5* B cells.

Materials and Methods

Mice. C57BL/6 male mice were obtained from the
Jackson Laboratory (Bar Harbor, ME). Responder mice
were primed at 8-10 weeks of age. Animals were main-
tained according to the guidelines established by the
Committee on Animals of the Harvard Medical School
and by those initiated by the Committee on the Care
and Use of Laboratory Animals of the Institute of
Laboratory Animal Resources, National Research
Council (DHHS Publication [NIH] 85-23, revised in
1985.)

Antigens. NP-KLH and NP-Ficoll were prepared
as described previously (26). These antigens had an
average of 30 and 17 haptenic groups per 100,000
daltons, respectively. Mice were immunized intraperi-
toneally with 50 ug of NP-KLH in a 0.2-ml mixture
containing 25% pertussis vaccine (Michigan Depart-
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ment of Public Health, Lansing, MI). Responder cells
were challenged in vitro with 50 ng of NP-Ficoll.

Antibodies for Lysis/Blocking and Panning. Pu-
rified rat monoclonal IgG2a antibodies (anti-CDS,
clone 53-7.8: anti-CDS8, clone 53-6.7) were prepared by
50% saturated ammonium sulfate precipitation of
serum-free supernatants of rat anti-CD5 and anti-CDS§
hybridoma cultures followed by absorption of nonim-
munoglobulin proteins with QAE-Sepharose (Pharma-
cia, Piscataway, NJ). These antibodies were used at a
concentration of 200 ug/ml for panning studies. For
lysis/blocking experiments, rat anti-CD35 or anti-CDS§
supernatants were supplemented with commercial mu-
rine anti-CD35 or anti-CDS8 ascites (Cedarlane, Hornby,
CA). Supernatants from the murine HO 13-4 and 30
H-12 cell lines were used as a source of anti-Thy-1.2
antibody. For lysis of Thy-1* cells, these supernatants
were mixed with a 1/20 dilution of AKR anti-C3H
(anti-Thy-1.2) antisera followed by incubation with a
1/500 dilution of commercial anti-Thy-1.2 ascites (Ce-
darlane). Rabbit anti-mouse immunoglobulin antibody
was affinity purified on mouse Ig-coupled Sepharose
columns. Normal rabbit immunoglogulin was obtained
from Jackson Immunoresearch (West Grove, PA). NP-
specific antibodies were affinity purified from sera of
NP-bovine y-globulin-immunized C37BL/6 (IgH) or
A.TH (IgH®) mice. Supernatant from the 11B11 B cell
hybridoma (37) was used as a source of anti-IL-4 anti-
body. Supernatants from all rat hybridoma cultures
(anti-CD35. anti-CDS8, anti-IL-4) contained between 5
and 10 ug of antibody/ml as assessed by enzyme-linked
immunosorbent assay. The anti-CD35, anti-CDS8, anti-
Thy-1, anti-mouse Ig, and NP® idiotypic antibodies
have been used extensively in our laboratory (26, 38).

Flow Cytometry. Fresh splenic or cultured B cells
were centrifuged through lymphocyte separation me-
dium (Organon Teknika, Durham, NC) and pelleted in
microfuge tubes. For triple-color stains, cells were
treated first with 0.5 ug of biotin-goat F(ab’)2 anti-
mouse IgM antibody (Southern Biotechnology Associ-
ates, Birmingham, AL), then washed and incubated in
1 ul of allophycocyanin-streptavidin (Phycochrome
Corp., Wellesley, MA). Cells were washed and incu-
bated for 20 min in 2 ul of normal mouse serum. Five
microliters of phycoerythrin (PE)-anti-Thy-1.2 (igG2b,
clone 5a-8) murine antibody (Coulter Corp., Hialeah,
FL) were then added directly to the mixture of normal
mouse serum and cells. After incubation, cells were
washed and 1 ul (0.1 ug) of isotype-matched fluorescein
isothiocyanate (FITC)-anti-Ly-1.2 (IgG2b; clone CG16)
murine antibody (Coulter) was added.

For quantitation of CD5* (Ly-17) cells, 1 ug of
purified monoclonal rat anti-CD35 (clone 53-7.8; Bec-
ton-Dickinson, Sunnyvale, CA) was added immediately
prior to the murine FITC-anti-Ly-1.2 antibody. Quad-
rants on dot plots were arbitrarily drawn such that 5-



10% of the lymphocyte population fell into the Thy-
1.27, “CD5*” (bottom right) quadrant of populations
stained in the absence of blocking rat anti-CD3 anti-
body. Blocking with rat anti-CD35 antibody was specific
since staining with the isotype-matched PE-anti-Thy-
1.2 antibody was not affected.

CD3 expression was determined by incubation of
cells with 1 ml of hamster anti-mouse CD3 monoclonal
antibody supernatant or an irrelevant hamster antibody
supernatant followed by FITC-goat F(ab’)2 anti-ham-
ster antibody (rat and mouse Ig absorbed; Caltag, San
Francisco, CA).

Cells for analysis only were fixed in 1% paraform-
aldehyde. All antibodies were diluted in phosphate-
buffered saline containing 5% fetal calf serum and 0.02
M sodium azide and, unless otherwise indicated, all
incubations were performed for 40 min on ice. Analysis
and sorting were performed with a dual-laser Coulter
Epics V flow cytometer. Macrophages, dead cells, and
remaining red blood cells were gated out using forward
and 90° light scatter parameters.

To assess specificity and activity, all antibodies
were initially titered and tested on unfractionated
spleen cells, splenic B cells, splenic T cells, and perito-
neal B cells. The murine allele-specific FITC-anti-Ly-
1.2 antibody was absorbed with C57BL/6.Lyl1.1 spleen
cells (2 x 108 cells/0.5 ml of antibody) prior to use and
did not stain C57BL/6.Ly1.1 T or B cells. In our hands,
T cells and peritoneal B cells were more brightly stained
with this reagent than with a rat PE-anti-CD3 antibody
(clone 57.8; Becton-Dickinson).

IL-4 Induction Precultures. Spleen cells were frac-
tionated over nylon wool (39). The adherent population
was recovered and treated with anti-Thy-1.2 antibodies
at room temperature followed by complement (Pel-
Freeze, Rogers, AK) for 30 min at 37°C. Cells were
washed and depleted of CD5™ B cells by panning on
polystyrene petri dishes (Fisherbrand) coated with pu-
rified rat monoclonal anti-CD5 or, as a specificity con-
trol, with anti-CD8 antibody (10). In approximately
half the experiments, anti-CD5 antibody nonadher-
ent cells were further treated with a 1/10 dilution of
murine anti-Ly-1.2 ascites (Cedarlane) followed by
complement.

CD5™ B cells were recovered, washed, and resus-
pended at 107 cells/ml in minimal essential medium
containing L-glutamine, sodium pyruvate, nonessential
amino acids, Hepes buffer, and 10% fetal calf serum.
Cells were plated at a concentration of 8§ X 10° cells/
0.75 ml in 24-well Costar plates with 20 ul of conalbu-
min-stimulated D10.G4.1 cell supernatant (40) or with
0.1-20 units of murine rIL-4 (Genzyme, Boston, MA)
and incubated 20-66 hr in a 10% CO, rocking box.
Approximately 40-60% of the starting population was
recovered after culture in medium alone or medium
supplemented with rIL-4.

Treatment of Precultured Cells. Cell lysis/block-
ade. CD5™ B cells were cultured and washed three times
with media. Viable cells (1-3 X 10°) were treated with
anti-CD3, anti-CD8, anti-Thy-1.2, rabbit anti-mouse Ig
antibodies, and NP® id* or id™ antibodies for 35 min at
room temperature, followed by complement for 30 min
at 37°C. The remaining cells were washed and counted,
and 1-5 X 10° cells were added to responder cultures.
Approximately 70-80% of the starting population was
recovered after treatment with CD5~, CD8", Thy-1.2-
specific, NP id*, or NP® id™ antibodies plus comple-
ment, Approximately 20% was recovered after treat-
ment with rabbit anti-mouse Ig antibody plus
complement.

Cell panning. B cells were panned on petri dishes
coated for 2 hr at room temperature with purified
monoclonal antibodies. Viable cells (10%) were incu-
bated on antibody-coated petri dishes for 45 min at
room temperature. The nonadherent cells were re-
moved and plates were washed extensively. Cold Ver-
sene (Gibco, Grand Island, NY) was added for 1 min
to detach adherent cells. As in previous studies, anti-
CD5 antibody adherent populations represented less
than 3% of the starting population. Adherent and non-
adherent cells were washed extensively and, in some
experiments, further subjected to treatment with anti-
body plus complement prior to addition to responder
cultures.

Responder Cultures. Preparation of NP-specific
responder B cell cultures has been described (26).
Spleen cells were obtained from mice primed 3-4 weeks
earlier with NP-KLH. Responder spleen cells were
treated with anti-Thy-1.2 antibodies plus complement
prior to culture. Cells treated in this fashion were shown
to be functionally (concanavalin A responsiveness) and
phenotypically (Thy-1.2 expression) depleted of T cells
(data not shown). Remaining CD57 cells were removed
by passage of the Thy-1.27 responder populations over
petri dishes coated with purified rat anti-CD5 antibody
and/or treatment with anti-Ly-1.2 ascites plus
complement.

Responder populations were washed extensively
and 7.5 x 10° viable cells were added to duplicate wells
in Costar culture plates in 0.75 ml of Mishell-Dutton
medium. Cell cultures were challenged with 50 ng of
NP-Ficoll and assayed 4 days later for the NP idiotype
content of the NP-specific plaque-forming cell (PFC)
response. The NP-specific PFC responses ranged from
500 to 1400 PFC/culture, with no significant differ-
ences between experimental groups. The relatively con-
stant magnitude of NP-specific PFC response is a well-
documented characteristic of this and other in vitro
model systems (27, 28, 41, 42). This result appears to
be due to the ability of B cells bearing minor idiotypic
determinants to reconstitute the NP-specific response
during the 4-day culture period.
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Enumeration of NP® Idiotype-Bearing PFC. A
modification of the Jerne plaque assay was used to
determine direct (IgM), NP-specific PFC responses in
triplicate slides. Background PFC produced in the ab-
sence of NP-Ficoll were subtracted from all responses
to obtain NP-specific PFC/culture. NP-specific PFC
were completely inhibitable with NP hapten conjugates.
The number of direct NP-specific PFC expressing NP®
idiotype-related determinants was obtained by calculat-
ing the average percentage of inhibition of plaque for-
mation relative to controls after the addition of 1.0 ul
of guinea pig anti-NP® antiserum or 3.0 ul of monoclo-
nal anti-NP® antibody to the plaquing mixture. Both
anti-NP® idiotypic reagents were used independently in
each experiment. The percentage of inhibition of PFC
was calculated according to the formula:

experimental PFC
control PFC

Statistics. Results were analyzed with a two-tailed
Student’s ¢ test. The data represent the averages of all
independent determinations of PFC inhibition with the
two anti-NP® reagents. For example, data from three
experiments represent statistical analyses performed on
six measurements of NP® idiotype content.

% Inhibition = 1 —

X 100%

Results

Depletion of CD5* B Cells that Regulate NP®
Idiotypic PFC Responses. Previous studies have dem-
onstrated that a nylon wool-adherent NP® idiotype-
specific B cell population from normal mice is capable
of providing a selective advantage to NP® idiotypic, NP-
specific B cells responding to low doses of NP-Ficoll in
vitro (10, 26-30). Treatment of B cell populations with
CD5-specific antibodies plus complement abrogated
this activity. To confirm these results by positive selec-
tion techniques and to generate a CD5~ B cell popula-
tion, nylon wool adherent spleen cells from normal
C57BL/6 mice were depleted of T cells by treatment
with anti-Thy-1 reagents plus complement and then
panned on petri dishes coated with purified rat mono-
clonal anti-CD5 (IgG2a) or, as a specificity control,
anti-CD8 (IgG2a) antibody. Adherent and nonadherent
populations were then added to Thy-1-, CD5™ re-
sponder cells and the cultures were challenged with low
doses of NP-Ficoll. Four days later, cultures were as-
sayed for the NP® idiotype content of NP-specific PFC
responses,

The data presented in Table I demonstrate that
Thy-17, CD5™ responder cells produced significant NP-
specific PFC responses to the T-independent antigen
NP-Ficoll (1175 PFC/culture). However, NP® idiotype-
bearing B cells did not contribute to this response. The
NP? idiotypic PFC response was significantly increased
to 81% when 1-5 X 10° anti-CD35 antibody adherent
cells were added to the responder cultures. In contrast,
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as many as 2.5 X 10° anti-CD5 antibody nonadherent
cells failed to affect idiotype expression (—10% NP®
idiotype). The failure of “anti-CD8 antibody adherent”
cells to augment NP® PFC responses (13% NP idi-
otype) and the recovery of this activity in the anti-CD8§
nonadherent fraction demonstrated the specificity of
this selection method. As in all previous studies (10,
25-30), the magnitudes of the PFC responses were not
significantly altered by idiotype-specific helper activity.
These data support the hypothesis that a CD5* B cell
population can provide NP® idiotype-specific activation
signals to responding B cell subsets. Furthermore, they
suggest the complete depletion of functional CD5S* B
cells by panning on anti-CDS5-antibody-coated petri
dishes.

Induction of CD5* B Helper Activity with IL-4. To
investigate the role of IL-4 in the induction of CD5* B
cells, CD5~ B cell populations from normal mice were
incubated (precultured) for 40 to 60 hr with or without
IL-4 containing D10.G4.1 supernatant. After extensive
washing, 2 X 10° precultured cells were added to NP-
Ficoll challenged responder cultures. CD5™ cells pre-
cultured in media without D10.G4.1 supernatant were
unable to provide NP® idiotype-specific activation
signals to responder cultures (Table II). In contrast,
cells cultured in DI10.G4.1 supernatant significantly
affected NP® idiotype expression (81% NP® idiotype).
This effect was reversed when anti-IL-4 was added to
the preculture.

To determine whether IL-4 was sufficient for the
induction of idiotype-specific activation signals, titered
amounts of recombinant 1L-4 were added at the initi-
ation of the 2-day preculture. Cells cultured with 10
units of rIL-4 significantly augmented NP® idiotype
expression in responder cultures (65% NP® idiotype).
Transfer of cells cultured with 1 unit of rIL-4 to re-
sponder cultures resulted in an intermediary (32%), but
statistically insignificant level of NP idiotype expres-
sion. Addition of cells precultured with 0.1 unit of rIL-
4 failed to affect NP® idiotype expression. These data
are consistent with the hypothesis that IL-4 induces B
cells capable of augmenting NPP idiotype expression of
antigen-specific responder B cells.

Cells cultured with rIL-4 were titered to determine
the minimum number required to augment NP® idi-
otype expression on transfer to responder cultures. As
few as 2 x 10* precultured cells were capable of signif-
icantly affecting NP® idiotype expression (63%, Table
III). The high frequency of IL-4 cultured B cells me-
diating this increase in NP® helper cells is reminiscent
of the high frequency of fresh (NP®-specific) splenic B
cells capable of augmenting NP idiotypic responses
(26). Both observations parallel the high frequency of
NP-specific and/or NP® idiotypic B cells in IgH® mice
(43-45).



Table I. Anti-CD5 Antibody Adherent Cells Augment NP® Idiotypic PFC Responses?

Percentage of NP?
idiotypic PFC on

Cells added Fraction PFC/culture® transfer to
) responder cultures®
— — 1175 5 1.1 —-16 £ 10 (4)
1.0-5.0 x 10° Anti-CD5 Adherent 1150 31.2 817 4y
25x 10° Anti-CD5 Nonadherent 10505 1.2 -10£22(3)
1.0-5.0 x 10° Anti-CD8 Adherent 1125 1.1 13 £28 (3)
50x10° Anti-CD8 Nonadherent 1000 X 1.1 95 + 14 (4)

4 NP-KLH-primed C57BL/6 responder spleen cells were treated with anti-Thy-1.2 antibodies plus complement and then panned
on anti-CD5-antibody-coated petri dishes to remove T and CD5* B cells. B cell populations for preculture were prepared by
passage of spleen cells from unprimed C57BL./6 mice over nylon wool columns. Nylon adherent cells were treated with anti-
Thy-1.2 antibodies plus complement to ensure the absence of T cells. B populations were then fractionated by panning on anti-
CD5- or anti-CD8-antibody-coated petri dishes. Adherent or nonadherent populations were added to responder cells at the
time of challenge with NP-Ficoll. Cultures were assayed 4 days later for the NP® idiotype content of direct NP-specific PFC

responses. Numbers in parentheses indicate the number of experiments.

® Geometric mean X log SE.
° Arithmetic mean =+ SE.

? Significant increase in NP® idiotypic PFC relative to the no-cell-added control; P < 0.001.

Table Il. IL-4 induces Cells that Augment NP°
Idiotypic PFC Responses®

Table lll. Titration of IL-4-induced Cells that Augment
NP® Idiotypic PFC Responses?

Percentage of

Percentage of NP®

L . Added to Cells added s :
NP® idiotypic . . idiotypic PFC on
Added to preculture PFC on tr gnpsfer mducl:ttlon to re'stponder transfer to responder
to responder cultures® precultures cuftures cultures®

Media 9+£10(13) - None 614 (3)
D10.G4.1 supernatant 819 (7r Media 2x10° 11 £12(5)
D10.G4.1 supernatant + 12 £ 26 (5) riL-4 2x10° 70 £ 14 (3)°

anti-IL-4 riL-4 2x 10 63 = 18 (3
10 units riL-4 65 + 20 (3) riL-4 2 x10° 18 £ 21 (4)
1.0 units riL-4 32 + 34 (3) riL-4 2 x10? -10 % 20 (3)
0.1 units riL-4 10 = 32 (3)

# Responder cells were prepared as in Table |. Spleen cells
for precultures were depleted of T and CD5" B cells by
adherence on nylon wool columns, treatment with anti-Thy-
1.2 antibody plus complement, panning on anti-CD5-antibody-
coated petri dishes, and treatment with anti-CD5 antibody
plus complement. D10.G4.1 culture supernatants (20 ul) or
0.1-10 units of riL-4 were added on the first day of culture.
Supernatant (10 wul) from cultures of 11B11 cells (anti-IL-4)
were added where indicated. Two days later, precultured
cells were washed and 2 x 10° cells were added to responder
B cell cultures challenged with NP-Ficoll. NP idiotypic PFC
responses were assayed 4 days later.

® Arithmetic mean + SE. The number of experiments is indi-
cated in parentheses.

¢ Significant level of NP idiotypic PFC; P < 0.04.

Phenotype and Specificity of IL-4-Induced B
Cells. The expression of NP® idiotypic PFC responses
has been shown in this system to be dependent upon
NP® idiotype-specific CD5* B cells (10, 26-30). Three
methods for phenotyping and fractionating lympho-
cytes were employed to test the hypothesis that a similar
CD5™ B cell population was induced by preculture of

@ Responder cells were prepared as in Table I. CD5™ B cell
populations for induction precultures were prepared as de-
scribed in Table II. Cells were cultured for 42 hr in media with
or without 20 units of riL-4 as indicated. Precultured cells
were washed and added to responder cultures at the time of
antigenic challenge with NP-Ficoll. NP® idiotypic PFC re-
sponses were assayed 4 days later.

b Arithmetic mean + SE.

© Significant level of NP® idiotypic PFC; P < 0.01.

CD5™ B cells with rIL-4: (i) lysis/blocking with antibod-
ies plus complement, (ii) panning on antibody-coated
petri dishes, and (iii) fluorescence-activated cell sorting.

Antibody-dependent lysis/blocking. CD5™ spleen
cells were cultured for 42 hr with rIL-4 and treated with
the antibodies listed in Table IV plus complement. The
results demonstrate that treatment with CD5™ or Ig™,
but not Thy-1.2" or CD8-specific antibodies plus com-
plement, ablated the ability of rlL-4-precultured B cells
to augment NP idiotype expression. This result could
be due either to complement-mediated cell lysis or to
blocking of cell function through antibody-bound sur-
face antigens. Our inability to kill greater than 80% of
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Table IV. Phenotype of IL-4-Induced Cells that Augment NP Idiotypic PFC Responses?

Percentage of NP idiotypic

Fraction Antibody treatment PFC on transfer to

responder cultures®
No cells —_ 8+ 12 (7)
Unfractionated Anti-CD5 + C 4 + 16 (5)
Unfractionated Anti-CD8 + C 75+ 22 (BF
Unfractionated Anti-Thy-1.2 + C 80 + 16 (3F
Unfractionated RAMIg + C 614 (2)
Anti-CD5 Adherent — 87 +8 (3F
Anti-CD5 Nonadherent — -2+ 21(3)
Anti-CD8 Adherent — -2 + 37 (3)
Anti-CD8 Adherent — -2 + 37 (3)
Anti-CD8 Nonadherent —_— 63 + 24 (3
Anti-CD5 Adherent NP id™ + C -3+ 24 (3)
Anti-CD5 Adherent NP°id~ + C 100+ 0 (3)F
Anti-CD5 Adherent RAMIg + C —-12 + 17 (3)
Anti-CD5 Adherent Normal Ig + C 69 +9 (3

2 CD5" B cells were prepared as in Table Il. Cells (7.5 x 10°) were incubated with 20 units of riL-4 for 42 hr, washed extensively,
and either treated with antibody plus complement (C) or panned on petri dishes coated with purified anti-CD5 or anti-CD8
antibody. Antibody plus complement-treated (2 x 10°), petri dish-adherent (2 x 10, or nonadherent (2 x 10°) cells were added
to responder cultures at the time of antigenic challenge with NP-Ficoll. Where indicated, anti-CD5 antibody adherent cells were
further treated with C57BL/6 (NP° id*), A.TH (NP® id") NP-specific, rabbit anti-mouse Ig-specific, or normal rabbit antibody plus
complement prior to addition to responder cultures. NP® idiotypic PFC responses were assayed 4 days later.

® Arithmetic mean + SE. The number of experiments is indicated in parentheses.

° Significant level of NP® idiotype; P < 0.003.

this IgM* B cell population (see below) with rabbit anti-
mouse Ig antibody plus complement while completely
ablating their ability to affect NP® idiotype expression
is consistent with the latter possibility. As in previous
studies, Thy-1* cells appeared not to be involved in
NP® idiotype regulation.

Panning. CD5™ B cells cultured in rlL-4 and posi-
tively selected by adherence to petri dishes coated with
purified rat anti-CD3 antibody significantly augmented
idiotype expression on transfer to responder cultures
(Table IV: 87% NP" idiotype). Anti-CD35 antibody non-
adherent cells from 1L-4 cultures failed to affect idiotype
expression.

In contrast, limiting numbers of cells (nonspecifi-
cally) adhering to the isotype control anti-CD8-anti-
body-coated plates failed to augment NP® idiotype
expression in responder cultures. Significant activity
was recovered in the anti-CD8 antibody nonadherent
fraction.

The ability of IL-4-precultured, anti-CDS5-anti-
body-adherent cells to affect NP® idiotype expression
was completely abrogated after treatment with NP® id*
antibody or rabbit anti-mouse Ig antibody plus comple-
ment. Significant activity was observed after treatment
of anti-CD35 antibody adherent cells with control NP®
id™ antibodies or normal rabbit immunoglobulin.

These data are consistent with the hypothesis that
IL-4 induces the development of NP® idiotype-specific
CD5™ B cells which in turn are capable of augmenting
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the NP® idiotype expression of NP-specific responder B
cell populations.

Flow cytometry. Because of the low percentage of
CD5™ B cells in the spleen (7), a system for accurately
quantitating small numbers of splenic CD5 B cells was
developed. CD5™ B cells were quantitated on the basis
of the ability of unlabeled anti-CD35 antibody to specif-
ically block staining of IgM™*, Thy-1.2~ lymphocytes
with FITC-anti-CD5 (Ly-1.2). Murine monoclonal
FITC-anti-CD35 (IgG2b) antibody was employed for
these studies because staining with it could be specifi-
cally inhibited with a heterologous rat anti-CD35 anti-
body and because an isotype-matched PE-anti-Thy-1.2
antibody could be used simultaneously to control for
nonspecific or Fc receptor-mediated staining of B cell
populations and for nonspecific blocking of staining by
rat anti-CD3$ antibody.

Spleen cell populations were triple-color stained for
IgM, Thy-1.2, and CDS5 expression. In a representative
experiment, 13.8% of the lymphocyte population
stained for Thy-1.2, with 85% of those staining for CDS5
(Fig. 1B). Staining of essentially all of those CD5" T
cells was affected by the unlabeled anti-CD35 antibody
(Fig. 1A). Blocking was CDS5 specific, since Thy-1.2
staining was not affected (9.8 + 4.0% or 2.1% = 11.7%
= 13.8% of the lymphocyte populations in Fig. 1, A
and B). By arbitrarily drawing quadrants such that 5-
10% fell into the Thy-1.27, CD5™ B cell quadrant (lower
right quadrant in each contour map), it was possible to
observe blocking 0of 9.8 — 7.9% = 1.9% of the Thy-1.2~
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Figure 1. Flow cytometric analysis, sorting, and reanalysis of fresh splenic CD5* B cells. Spleen cells from naive C57BL/6 mice were treated
in the presence or absence of 1 ug of rat anti-CD5 antibody with murine FITC-anti-CD5 (Ly-1.2) antibody, murine PE-anti-Thy-1.2 antibody,
and biotin-anti-F(ab’)2-anti-IgM antibody + allophycocyanin-streptavidin, as described in Materials and Methods. Samples were analyzed and
sorted, with monocytes excluded on the basis of forward and 90° light scatter parameters. Each axis spans 3 logs of relative fluorescence.
(Contours A and B) Thy-1.2 and CDS5 staining in the presence or absence of uniabeled rat anti-CD5 antibody, respectively. (Histogram C) igM
profile of cells falling into the Thy-1.2-, CD5" quadrant. (Histogram D) CD3 profile of whole spleen. (Contour F) Sorting gates. (Contours E and
G) Reanalysis of Thy-1.27, CD5™- and Thy-1.2~, CD5"-sorted populations used in functional studies (Table VI). Data from one representative

experiment (eight total) are presented.

lymphocyte population in the presence of unlabeled
anti-CDS5 antibody. In eight experiments, this blocking
averaged 2.6 £ 0.6% (P < 0.001; Table V), a percentage
consistent with previously published estimates of CD5*
B cell frequency in the spleen (7).

Gating on cells falling into the Thy-1.27, CD5*
quadrant and analyzing for IgM expression indicated
that most if not all of these Thy-1.2" cells expressed
surface IgM (Fig. 1C). Approximately 30% of the
splenic lymphocyte population expressed CD3 (Fig.
1D).

To correlate function with phenotype, cells were
sorted into CD5~, Thy-1.2~ or CD5*, Thy-1.2" popu-
lations as depicted in Figure 1F. Approximately 10%
of the total lymphocyte population was recovered in
each fraction. Sorted cells were then reanalyzed (Fig. 1,
E and G) and equal numbers of cells were transferred
to responder cultures. The ability of only the CD5* B
cells to augment idiotype expression on transfer to
responder cultures (67 £ 12% vs —9 + 10%, Table VI)
confirms our previous conclusion that CD5* B cells
can regulate the idiotypic composition of a B cell
response,

To evaluate IL-4-induced CD5* B cell maturation
by flow cytometry, CD5~ B cells were cultured 42-66
hr in media alone or media supplemented with riL-4
prior to triple-color staining for CD35, Thy-1.2, and IgM
expression and single-color staining for CD3 expres-

Table V. Re-Expression of CD5 in B Cell Cultures®

Percentage

. inhibited with

Population rat anti-CD5

antibody®
CD57, Thy-1.27, IgM* starting -03+x04(4)
population

Media cultured 1.6 £ 0.7 (8)
IL.-4 cultured 29+ 097y
Fresh Thy-1.2" spleen cells 26 +06 (8

2 CD5~ B cells, prepared as in Table II, were cultured for 40
to 66 hr in media alone or in media supplemented with 20
units of riL-4. After culture, B cells were triple color-stained
with FITC-anti-CD5 (Ly-1.2), PE-anti-Thy-1.2, and allophyco-
cyanin-streptavidin + biotin-F(ab’)2-anti-IgM in the presence
or absence of unlabeled rat anti-CD5 antibody. As a positive
control fresh spleen cells were similarly triple-color stained.
Thy-1.2" cells were analyzed for inhibition of FITC-anti-CD5
staining with unlabeled rat anti-CD5 antibody as described in
the legends to Figures 1 and 2.

® Percentage of inhibition of staining with FITC-anti-CD5 (mu-
rine anti-Ly-1.2) antibody in the presence of rat anti-CD5
antibody £ SE. Inhibition of cells cultured in media alone was
not statistically significant. The number of experiments is in
parentheses.

¢ Significant level of inhibition relative to the starting CD5~
population; P < 0.03.
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Table VI. Functional Analysis of Splenic or IL-4-
Induced CD5™ B Cells Fractionated by Flow
Cytometry?

Percentage of NP®
idiotypic PFC on

Population sorted transfer to responder

cultures®
Fresh spleen, CD5-, Thy-1.27, Ig~ -9+ 10 (4)
Fresh spieen, CD5", Thy-1.27, Ig~ 67 = 12 (47
Media cultured, CD5-, Thy-1.27, Ig” -16+8 (4)
Media cultured, “CD5*", Thy-1.27, 189 (3)
g™
IL-4 cultured, CD5~, Thy-1.27, Ig* 9+ 14 (4)
IL-4 cultured, CD5*, Thy-1.27, Ig* 433 (3F

2 CD5™ B cells, prepared as in Table ll, were cultured for 40
to 66 hr in media alone or in media supplemented with 20
units of riL-4. After culture, cells were washed extensively
and dead cells were removed on lymphocyte separation me-
dium. Cultured or fresh spleen cells were triple-color stained
with FITC-anti-CD5 (Ly-1.2), PE-anti-Thy-1.2, and allophyco-
cyanin-streptavidin + biotin-F(ab’)2-anti-lg. Lymphocytes cul-
tured with or without riL-4 were sorted for CD5 expression
and reanalyzed as exemplified in Figure 2. Equal numbers of
cells (from 3 x 10° to 2 x 10%) were transferred in each
experiment to responder B cell cultures and tested for their
ability to augment NP® idiotype expression.

® Arithmetic mean = SE. Numbers in parentheses indicate the
number of experiments.

© Significant increase in NP® idiotypic PFC as compared with
negative controls; P < 0.002.

sion. Representative fluorescence data are presented in
Figure 2, average inhibitions of FITC-anti-CD5 anti-
body staining in the presence of unlabeled rat anti-CD5
antibody in four to eight experiments are presented in
Table V, and data on the ability of sorted cell popula-
tions to augment NP idiotype expression are provided
in Table VI.

The “starting B cell population™ was shown to be
depleted of anti-CDS$ antibody inhibitable cells (Fig. 2,
A versus B). In four experiments. the percentage of
inhibition with anti-CD5 antibody averaged —0.3 *
0.4% (Table V), supporting the conclusion reached by
functional analyses of these cells (Table I) that mature
CD5* B cells were completely depleted from this pop-
ulation. Most, if not all, of these Thy-1.2" cells ex-
pressed IgM (Fig. 2C). None of them expressed CD3
(Fig. 2D).

After culture in media alone, a low level of inhibi-
tion of the CDS3 stain with unlabeled anti-CDS35 antibody
was observed (Table V: 1.6 £ 0.7%). Although this
apparent increase in CD35 expression was not statisti-

cally significant, the results suggest that culture alone

may result in the re-expression of CDS on splenic B
cell populations. IgM and CD3 expression in cultured
populations was indistinguishable from that of starting
populations (not shown).

In contrast, the percentage of CD5* B cells was
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significantly increased when B cells were cultured in
the presence of rIL-4 (Table V: 2.9 £ 0.9%; P < 0.03).
Cells from the IL-4 preculture expressed IgM, but not
CD3 (Fig. 2. G and H).

To correlate function with phenotype, cells cul-
tured in the absence or presence of 1L-4 were sorted for
CD5*, Thy-1.27 or CD5™, Thy-1.2" populations as
depicted in Figure 2J. Sorted populations were reana-
lyzed (Fig. 2, I and K) and limiting numbers of cells
(=2 x 10% were transferred to responder cultures.
Sorting efficiencies for cells cultured with or without
rIL-4 were indistinguishable. Approximately 8% of the
total lymphocyte population was recovered in each
fraction.

Neither population sorted from B cell populations
precultured with media alone significantly affected NP®
idiotype expression in responder cultures (—16% and
18%. respectively; Table VI). Similarly, B cells from
IL-4 precultures sorted for their lack of CDS3 failed to
affect idiotype expression (9%).

In contrast. significant levels of idiotypic PFC re-
sponses were observed when CDS* B cells, sorted from
rIL-4-supplemented cultures, were added to responder
cultures (43 + 3%). These data support our previous
conclusion that CD5™ B cells cultured for 2 to 3 days
re-express CDS and, when cultured with IL-4, reacquire
the ability to affect idiotype expression of hapten-spe-
cific B cells populations.

Discussion

We reported previously that CD5* B cells were
capable of regulating idiotype expression within an in
vitro response to a T-independent antigen (reviewed in
[25]). One advantage of this biologic system was its
sensitivity to functional CD5" B cells. By combining
this functional assay with several methods of cell surface
phenotyping, it was possible to evaluate maturation of
the CD5* B cell subset in vitro.

We were repeatedly unable to observe CD5* lym-
phocytes at the start of IL-4 precultures. In contrast,
significant numbers of CD5*, Thy-1.27, IgM* B cells
were readily detected after 42-66 hr of culture in media
supplemented with rIL-4. It should be noted that it is
possible that B cell population re-expressed CD5 to
some extent when cultured in medium without IL-4
(Table V). Nevertheless, cells sorted from media control
cultures failed to augment NPP idiotype expression
(Table VI), which suggests a disassociation between
CD3 expression and regulatory activity. Identical re-
sults were obtained with CD5™ B cells from the perito-
neal cavity (data not shown). The percentage of CD5*
B cells did not increase with longer periods of incuba-
tion (up to 76 hr, data not shown).

Similarly, CD5* B cell function, as defined by the
ability to augment NP® idiotype expression on transfer
to responder B cell cultures, was not detectable in the
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Figure 2. Flow cytometric analysis, sorting, and reanalysis of cuitured B cells. CD5" B cells (“starting population”) were cultured for 42 hr in
media alone or in media supplemented with 20 units of riL-4. Aliquots of the starting CD5~ population and cultured populations were triple-
color stained for CD5, Thy-1.2, and IgM expression in the presence or absence of 1 xg of rat anti-CD5 antibody. Aliquots were also tested in
single-color stains for the expression of CD3. Samples were sorted with monocytes excluded on the basis of forward and 90° angle light
scatter parameters. Each axis spans 3 logs of relative fluorescence. (Contours A and B) CD5" starting population stained in the presence or
absence of unlabeled rat anti-CD5 antibody, respectively. (Histogram C}) IgM profile of the starting population. (Histogram D) CD3 profite of the
starting CD5~ cell population. (Contours E and F) B cells cuitured in the presence of riL-4 and stained in the presence or absence of blocking
anti-CD5 antibody, respectively. (Histogram G) IgM profile of IL-4 cultured B celis. (Histogram H) CD3 profile of riL-4-cultured B cells. (Contour
J) Sorting gates. (Contours | and K). Reanalyses of rlL-4-treated populations sorted for functional studies.

starting B cell population, even when a 250-fold excess
of anti-CD5 nonadherent B cells (2.5 x 10, Table I, vs
10* unfractionated B cells, Refs. 26 and 27) was tested.
However, as few as 2 X 10* B cells cultured in rIL-4
were able to affect idiotype expression. These results
led to the working hypothesis that IL-4 promotes the
functional maturation of CDS™ or immature CD5* B
cells. It is not known at this time whether IL-4 directly
stimulates functionally immature B cells or whether it
acts through intermediary molecules, produced perhaps
by accessory cell populations (34).
"~ Modulation of CD5 on B cell populations is sup-
ported by work from other laboratories that document
the induction of CD5 on CD5~ B cell tumors (46),
peripheral B cell populations (47-49), and bone-mar-
row-derived B cell lymphomas (50). It is interesting to
note that in at least two instances, [L-4 was reported to
decrease CD5 expression either on human B cell ton-
sillar populations (51) or on a pre-B cell line (52). The
data collectively indicate that expression of CD35 by B
cells is variable and subject to modulation by a number
of as yet poorly defined factors.

B cells transferred from IL-4 precultures do not
appear to be producing NP® idiotypic, NP-specific an-

tibodies. Had the added B cells been secreting NP-
specific antibody expressing NP® idiotypic determi-
nants, it would have been expected that the percentage
of NP® PFC would decrease in proportion to the num-
ber of cells added to responder cultures. However,
addition of either 2 X 10* or 2 X 10° IL-4-precultured
B cells to responder cultures resulted in equivalent
levels of NP® expression (63-70%, Table III). Further-
more, activity could be ablated by treatment of IL-4-
precultured cells with NP® idiotype plus complement
(Table IV), substantiating their anti-NP® idiotype
specificity.

Carry-over of IL-4 into responder cultures appears
not to be responsible for the specific augmentation of
NP® PFC responses. Addition of anti-IL-4 antibody,
shown to be effective when added to precultures (Table
II), did not affect the ability of IL-4 precultured B cells
to augment NP" idiotype expression when the antibody
was added to responder cultures along with (CD5") B
cells (56% NP idiotype, six experiments). Furthermore,
[L-4-precultured CD5~ B cells failed to affect idiotype
expression when transferred to responder cultures either
alone (Tables IV and VI) or anti anti-NP® antibody (8
+ 20% NP’ idiotype, four experiments). Addition of
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this NP® antibody with a CD5" B cell-derived lympho-
kine to responder cultures has been shown to mimic
the activity of CD5* B cell populations (28, 29).

Another important consideration is the potential
contribution of T cells to NP® idiotype expression. For
the following reasons, we have postulated in the past
that the transfer of idiotype-specific activation signals
to responder B cell populations is not dependent upon
T cells: (1) the activity is transferred by small numbers
of nylon wool-adherent Thy-1.2~ splenic populations,
(i) the activity is readily transferred with spleen cells
from athymic mice, (iii) T cell populations either alone
or in combination with CD5™ B cell populations do not
affect NP® idiotype expression, and (iv) the activity can
be highly enriched on ligand (NP® idiotype)-coated petri
dishes. This conclusion is supported in the present
studies by: (1) the demonstration that CD5*, IgM™,
Thy-17 cells, sorted from fresh splenic populations, can
affect the idiotypic repertoire of antigen-specific B cell
populations (Table VI).

Data supporting a similar conclusion for 1L-4 pre-
cultured B cells include: (i) an equivalent ability to
augment NP® idiotype expression, (ii) the resistance of
cells acquiring this activity following culture with IL-4
to treatment with anti-Thy-1.2 antibody plus comple-
ment, (iii) the ablation of activity by treatment of IL-4-
cultured cells with ligand (NP® idiotype) plus comple-
ment, (iv) the transfer of activity exclusively with cells
sorted on the basis of their CD5*, IgM™, Thy-1" phe-
notype, and (v) the failure to detect Thy-1.2* or CD3*
lymphocytes by flow cytometry at either the beginning
or the end of the IL-4 culture period.

While experiments are in progress to resolve the
mechanism of IL-4 action on CD5* B cell precursors
and to determine whether lymphokines secreted by
“Thl1” cells are also capable of inducing functional
CD5* B cells, the present study indicates that at least
one T cell lymphokine is capable of contributing to the
development of CD5* B cells. It should be acknowl-
edged that other factors are likely to be at work in the
normal development of CD5* B cells (27). It will be of
interest to determine whether induction of CD5* B cells
with lymphokines, perhaps in concert with their per-
petual stimulation by autoantigen (idiotype), contrib-
utes to their association with autoimmunity and B cell
hyperactivity.
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