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SUMMARY

 

It is generally accepted that the interaction between CD40 and its ligand (CD154) plays a decisive role
in contact-dependent help for T and B cells. In CD154-deficient MRL/Mp-

 

Fas

 

lpr

 

 (MRL/

 

lpr

 

) mice, how-
ever, high titres of IgG2a-type autoantibodies against small nuclear ribonucleoproteins (snRNPs) are
observed. We successfully isolated two CD154-deficient MRL/

 

lpr

 

 Th1 lines, which could provide B cell
help for anti-snRNP antibody production. The proliferative responses of the Th1 cell lines were MHC
class II (I-E

 

k

 

)-restricted. Although syngeneic B cell proliferation was induced by Th1 lines in both a con-
tact-dependent and -independent manner, the soluble form of TNF-

 

a

 

 (sTNF-

 

a

 

) was not involved in
contact-independent B cell proliferation. On the other hand, both anti-TNF-

 

a

 

 and TNF-receptor 2
(TNF-R2, p75) monoclonal antibody (MoAb) blocked contact-dependent B cell proliferation, suggest-
ing that the transmembrane form of TNF-

 

a

 

 (mTNF-

 

a

 

)–TNF-R2 co-stimulation participates in B cell
activation. Similarly, anti-TNF-

 

a

 

 and TNF-R2 MoAb inhibited anti-snRNP antibody production 

 

in
vitro

 

, but anti-CD154 or TNF-R1 MoAb did not. These results indicate that the interaction of mTNF-

 

a

 

 on activated Th1 cells with TNF-R2 on B cells may be involved in the autoimmunity seen in MRL
mice, and that the blockade of CD40-CD154 co-stimulation may not always be able to suppress some
Th1-related manifestations of lupus.
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INTRODUCTION

 

Human systemic lupus erythematosus (SLE) is an autoimmune
disease characterized by the production of autoantibodies against
many nuclear antigens such as chromatin, DNA and certain
RNA-associated proteins, including anti-small nuclear ribonucle-
oproteins (anti-snRNP) antibodies. Several mouse lupus models
display autoimmune manifestations reminiscent of SLE, includ-
ing the MRL/Mp (MRL-

 

+

 

/

 

+

 

) strain that develops a syndrome
nearly indistinguishable from the human disease, including
marked humoral autoimmunity such as anti-Sm antibody [1].
MRL/Mp-

 

Fas

 

lpr

 

 (MRL/

 

lpr

 

) mice also develop spontaneously a
severe disease resembling SLE, especially immune-complex

glomerulonephritis, with the generation of IgG autoantibodies to
self-antigens such as chromatin, dsDNA, snRNPs and IgG (rheu-
matoid factors; RF) [2].

A large number of investigations have established that
the pathogenesis of MRL lupus mainly requires CD4

 

+

 

 

 

ab

 

 T cells,
which help to stimulate autoreactive B cells [3–5]. These studies
have demonstrated that a lack of such cells cause substantial
reductions in autoantibody production and glomerulonephritis. In
addition, CD4

 

+

 

 

 

ab

 

 T cells that help autoantibody production have
been isolated from other mouse strains [6,7]. Autoantibodies pro-
duced by MRL mice display evidence of Ag selection [8], suggest-
ing that autoreactive CD4

 

+

 

 

 

ab

 

 T cells drive autoantigen-specific
autoantibody production. This notion is supported by the finding
that genetic elimination of autoantigen-specific 

 

ab

 

 T cells in MRL
mice eliminate autoantibody production and end-organ disease
[9].

The binding of CD40 ligand (CD154), a type II membrane
protein transiently expressed on activated CD4

 

+

 

 T cells [10], to
CD40 on B cells plays a critical role in T–B collaboration, includ-
ing the initiation of immunoglobulin (Ig) synthesis and class
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switching in response to thymus-dependent (TD) antigens [11–
14], as well as playing a role in the formation of germinal centres
and the development of memory B cells [14,15]. In CD154-
deficient mice, antigen-specific T cell priming is impaired as a
result of the failure to initiate a specific T cell immune response to
TD antigens [16]. Along with the apparent requirement for CD4

 

+

 

ab

 

 T cells, CD154 appears to be instrumental in IgG autoantibody
production and end-organ disease in murine and probably human
lupus. Support for this notion comes from the observations that
administration of anti-CD154 antibody to autoimmune SNF

 

1

 

 and
(NZB 

 

¥

 

 NZW) 

 

F

 

1

 

 lupus-prone mice inhibits anti-dsDNA synthe-
sis and glomerulonephritis [17,18], and that human subjects with
SLE show increased CD154 levels on both T and B cells [19,20].

We previously characterized CD154-deficient lupus-prone
MRL/

 

lpr

 

 mice and found that these animals lacked anti-dsDNA
and RF as well as lacking fully developed glomerulonephritis.
Surprisingly, however, the CD154-deficient MRL

 

/lpr

 

 mice under-
went Ig class switching to IgG2a with Ig levels much higher than
those of control, non-autoimmune mice, and showed partial main-
tenance of IgG2a anti-snRNP antibody responses [21]. These
results indicate that CD40–CD154 co-stimulation is required to
provide contact-dependent help for anti-dsDNA antibody pro-
duction in MRL mice, although IgG class switching and the gen-
eration of IgG anti-snRNP antibody do not necessarily rely upon
T cell help mediated via CD154 in MRL/

 

lpr

 

 mice.
The study presented here demonstrates that the autoreactive

CD4

 

+

 

 

 

ab

 

 Th1 cells generated by us have the capacity to provide B
cell help for the production of IgG anti-snRNP antibody 

 

in vitro

 

,
and that the transmembrane form of TNF-

 

a

 

 (mTNF-

 

a

 

)–TNF
receptor (TNF-R) system can be substituted for the CD40–
CD154 co-stimulation required for the production of IgG autoan-
tibodies. These observations suggest that mTNF-

 

a

 

 expression on
activated T cells is involved in lupus autoimmunity and that block-
ade of CD40–CD154 co-stimulation might be insufficient to sup-
press some manifestations related to the Th1 response of lupus.

 

MATERIALS AND METHODS

 

Mice

 

MRL/Mp-

 

Fas

 

lpr

 

 mice (MRL/

 

lpr

 

 mice, purchased from the Jackson
Laboratory, Bar Harbor, ME, USA) were bred with female
CD154-deficient 129/SvJ 

 

¥

 

 C57BL/6 (129 

 

¥

 

 B6 CD154-deficient)
mice [13] to produce F

 

1

 

 offspring heterozygous for 

 

lpr

 

 (mutant

 

Fas

 

 gene) and for CD154. The animals were then back-crossed to
the MRL background to the N8 generation, followed by inter-
crossing and analysis for wild-type and mutant CD154 and 

 

Fas

 

 by
PCR [21]. These mice were bred and housed in specific pathogen-
free facilities at the Yale School of Medicine.

 

Generation of autoreactive T cell lines from CD154-deficient 
MRL/lpr mice

 

Autoreactive T cells were isolated and cloned according to Naiki’s
method [7] with some modifications. A single cell suspension of
lymph node cells was prepared from three different 4-month-old,
anti-snRNP antibody-positive CD154-deficient MRL/

 

lpr

 

 mice
[21]. The cells were treated with red blood cell lysis buffer (Sigma
Chemical Co., St Louis, MO, USA). Initially, 4 

 

¥

 

 10

 

6

 

/ml of cells
were cultured in 24-well tissue culture plates with Click’s medium
(Irvine Scientific, Santa Ana, CA, USA) supplemented with 10%
FCS, antibiotics, 

 

L

 

-glutamine and 2-ME. The irradiated (3000 rad)
syngeneic APC (2 

 

¥

 

 10

 

6

 

/ml) were added weekly along with

10 

 

m

 

/ml mouse rIL-2 (R&D systems, Minneapolis, MN, USA).
After 1 month, cells were transferred to 96-well plates at a con-
centration of five cells/well for limiting dilution. Growing cells
were harvested and expanded in 24-well plates for further study.
In some experiments, autoreactive Th1 and Th2 cell lines (5-1 and
4-1), which were derived from CD154-intact MRL/

 

lpr

 

 mice using
the same method and not reactive for specific antigens, were used
as controls.

 

Flow cytofluorometric analysis

 

T cell lines were analysed by flow cytometry using anti-TCR-C

 

b

 

(H57-597-FITC), anti-TCR

 

gd

 

 (GL3-PE), anti-CD4 (H129·19-
FITC) and anti-CD8 (53–6·7-PE). For detection of CD154 or
mTNF-

 

a

 

, cells after stimulation with plate-bound anti-CD3

 

e

 

monoclonal antibody (MoAb) (5 

 

m

 

g/ml) were stained with PE-
conjugated anti-CD154 (MR1, PharMingen, San Diego, CA, USA)
or anti-TNF-

 

a

 

 (G281-2626, PharMingen). Stained cells were anal-
ysed with a FACScan

 

TM

 

 flow cytometer and using CellQuest

 

TM

 

 soft-
ware (Becton Dickinson, Mountain View, CA, USA).

 

Proliferation assays

 

For T cell proliferation assays, T cell lines (1 

 

¥

 

 10

 

5

 

/well) were co-
cultured with 5 

 

¥

 

 10

 

5

 

 irradiated (3000 rad) splenocytes from
CD154-deficient MRL/

 

lpr

 

 mice as APC in triplicate for 3 days in
round-bottomed, 96-well microtitre plates. Before the initiation of
culture, APC were incubated with either crude ENA (extractable
nuclear antigen, 1 mg/ml) prepared from murine Ehrlich ascites
cells as described previously [22] or with medium (control) at 37

 

∞

 

C
for 2 h. [

 

3

 

H]-labelled thymidine (1 

 

m

 

Ci, Amersham, Arlington
Heights, IL, USA) was added to each well during the last 16 h of
culture, and cells were harvested with a semi-automatic cell
harvester (Skatron Instruments, Sterling, VA, USA). The incor-
porated radioactivity was measured with a 

 

b

 

-

 

plate scintillation
counter (Beckman Instruments, Fullerton, CA, USA).

For B cell proliferation assays, MRL

 

/lpr

 

 B cells were purified
from splenocytes of CD154-deficient MRL

 

/lpr

 

 mice using Cel-
lect

 

TM

 

 Mouse B (Biotex Laboratories Inc., Edmonton, Canada)
followed by further T cell depletion using anti-Thy1·2 antibody
(HO-13–4) and Low-Tox-M rabbit complement (Accurate Chem-
ical & Scientific Corporation, Westbury, NY, USA). The B cell
purity was >95% as determined by flow cytometry. Purified B
cells (5 

 

¥

 

 10

 

4

 

 for 96-well plates and 25 

 

¥

 

 10

 

4

 

 for 24-well plates)
were co-cultured with irradiated (1500 rad) T cell lines (2 

 

¥

 

 10

 

4

 

 for
96-well plates and 10 

 

¥

 

 10

 

4

 

 for 24-well plates) for 3 days. One 

 

m

 

Ci
of [

 

3

 

H]-labelled thymidine was added for the last 16 h of culture,
cells were harvested and the incorporated radioactivity measured.
A membrane insert (0·4 

 

m

 

m pore size, Becton Dickinson Lab-
ware, Franklin Lakes, NJ, USA) was used in some experiments to
prevent contact between T cell lines and B cells. The separated T
and B cells were co-cultured in 24-well culture plates for 48 h, fol-
lowed by the addition of 4 

 

m

 

Ci of [

 

3

 

H]-labelled thymidine. After
16 h, cells above and below the membrane were mixed, and har-
vested immediately after transfer from 24-well plates to 96-well
plates.

For blockade of T or B cell proliferative responses, mono-
clonal antibodies to I-E

 

k

 

 (14-4-4S, PharMingen, dialysed before
use), I-A

 

k

 

 (10–3·6, PharMingen, dialysed before use), CD154
(MR1, NA/LE, PharMingen), IFN-

 

g

 

 (R4–6A2, NA/LE, PharM-
ingen), IL-2 (Genzyme, Cambridge, MA, USA), TNF-

 

a

 

 (G281-
2626, NA/LE, PharMingen), TNF-R1 and R2 (p55[55R-170·1]
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and p75 [TR75-54·7, a gift from R.D. Schreiber, Washington Uni-
versity School of Medicine]) [23] were used.

In vitro

 

 helper assay

 

T cell lines (5 

 

¥

 

 10

 

5

 

 cells/well) were co-cultured with 2 

 

¥

 

 10

 

6

 

purified MRL/

 

lpr

 

 B cells in 24-well plates for 1 week. Culture
supernatants were then harvested, and the concentration of anti-
snRNP antibodies determined by ELISA (described below). To
determine if antibody production was enhanced via soluble fac-
tors (e.g. cytokines), a membrane insert was used to prevent
contact between the T cell lines and B cells. Non-autoreactive
controls consisted of a T cell line derived from antipigeon cyto-
chrome 

 

c

 

 (PCC) TCR transgenic TCR-

 

a

 

-/–TCR

 

b

 

-/- MRL/

 

lpr

 

mice [9] and purified B cells of PCC-immunized MRL/

 

lpr

 

 mice.

 

Determination of anti-snRNP antibodies by ELISA

 

For detection of anti-snRNP antibody, mouse snRNPs (1 

 

m

 

g/ml)
in carbonate buffer, pH 9·6, were coated on Serocluster ‘U’ Vinyl
Plates (Costar, Cambridge, MA, USA) overnight at 4

 

∞

 

C. Mouse
sera were diluted 1 : 100 with PBS containing 3% BSA and incu-
bated at room temperature for 2 h, followed by detection of
bound IgG with alkaline phosphatase-conjugated antimouse
IgG (Southern Biotechnology Associates Inc., Birmingham, AL,
USA) at O.D.

 

405nm

 

 in a microtitre ELISA reader. Anti-dsDNA
antibodies were measured with Rubin’s methods [24].

 

RESULTS

 

Antinuclear antibody production and CD4+ ab T cells in CD154-
deficient MRL/ lpr mice
The levels of anti-dsDNA and -snRNP antibody, as determined by
ELISA using purified autoantigens as substrates, were signifi-
cantly higher in CD154-intact MRL/lpr mice than in their CD154-
deficient counterparts; however, a number of the latter mice pro-
duced comparable amounts of anti-snRNP antibody to those of
the CD154-intact animals [21]. The subclass of the higher titre
anti-snRNP antibody in CD154-deficient mice was IgG2a,
whereas IgG1 and IgG3 anti-snRNP antibody were also detected
in CD154-intact mice [21].

The CD44highCD45RBhigh MRL T cells, which were assured to
be effectors, developed in CD154-deficient MRL/lpr mice, while
CD4+ naive (CD44lowCD45RBintermed) ab T cells remained in the
spleen (unpublished data). The development of memory T cells in
these mice, however, was severely impaired because the number

was much lower than that in CD154-intact 129 ¥ B6 or MRL/lpr
of the same age (data not shown).

T cell lines derived from CD154-deficient MRL/ lpr mice
Twenty-six T cell lines were isolated by limiting dilution from
three anti-snRNP antibody-positive MRL/lpr mice deficient in
CD154. Five of these T cell lines were selected for further studies
(Table 1) as they expressed both ab TCR and CD4 and prolifer-
ated in response to crude ENA as a source of snRNPs. These lines
all lacked CD154 expression after stimulation with PMA (10 ng/
ml) and ionomycin (500 ng/ml)/anti-CD3Œ MoAb (5 mg/ml). The
background stimulation indexes (SI) for proliferation of these Th
lines were calculated by averaging their responses to histone,
dsDNA or medium. The mean values of background SI + 2 s.d. for
these five T cell lines that responded to ENA were 1·49 for C2,
1·42 for G1, 1·33 for G2, 1·52 for P5 and 1·72 for E7. The five lines
selected showed increased proliferative responses when co-
cultured with syngeneic APC with ENA (Table 1) compared with
background levels, strongly suggesting that these lines recognize
some self-murine ENA. T cell proliferative responses were MHC
class II-restricted, as anti-I-Ek MoAb selectively inhibited the
proliferation of four lines (C2, G1, G2, P5). Proliferation of the
E7 line also appeared to be I-Ek-restricted, although inhibition
was incomplete.

In the presence of irradiated splenocytes from CD154-
deficient MRL/lpr mice as a source of APC, the lines released
either IFN-g or IL-4 as respective indicators of Th1 or Th2 profiles
(data not shown). Four of the five lines (C2, G1, G2, and P5)
released IFN-g after 24 and 72 h incubation, suggesting they had
a Th1 phenotype. The last line, E7, released a small amount of
IL-4 after 72 h incubation (indicating a Th0 or Th2 phenotype).
Additionally, after stimulation with anti-CD3e MoAb, the soluble
form of TNF-a (sTNF-a) was detected in the culture supernatant
of CD154-deficient Th1 lines (G1 and P5) and the CD154-intact
autoreactive Th1 line (5-1), but not the control Th2 line (4-1).

mTNF-a and CD154 expression was examined on autoreac-
tive Th1 or Th2 lines (Fig. 1). CD154 expression was observed on
both Th1 and Th2 cells at 12 h, and later continued expression
was seen in the Th2 line (4-1). Maximum expression of mTNF-a
was observed after 24 h stimulation. mTNF-a but not CD154
expression was observed after 48 h stimulation in the 5-1 and P5
lines (data not shown) indicating that the expression of mTNF-a
was predominantly induced on Th1 cells and followed CD154
expression.

Table 1. Autoreactive T cell lines derived from CD154-deficient MRL/lpr mice

Isolated T cell lines
T cell proliferation

with APC/ENA (SI)a

T cell proliferation with APC/ENAb 

% inhibition (anti-Ek/IgG2a) TCR Vb usage+ IgG2a anti-Ek anti-Ak

C2 1·52 14 531 3 004 12 964 77 Vb6
G1 1·74 39 582 3 343 36 788 92 Vb8·1/8·2
G2 1·36 66 534 3 952 56 638 95 Vb10
P5 3·45 26 136 4 837 18 765 81 Vb8·3
E7 3·88 31 249 14 468 33 245 54 Vb14

a[3H]-thymidine incorporation (cpm) in the presence of extractantibodyle nuclear antigen (ENA)/[3H]-thymidine incorporation (cpm) in the absence
of ENA. b[3H]-thymidine incorporation (cpm) in the presence of ENA with the antibodies shown. Mean cpm of triplicate culture is given; s.d. within each
experiment were <10%.
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CD154-deficient T cell lines promote contact-dependent and 
-independent B cell proliferation
B7-2 (CD86) expression on MRL B cells was enhanced after co-
culture with the CD154-deficient Th1 line (G1) for 24 h and 48 h
(data not shown). All the lines induced B cell proliferative
responses, which anti-CD154 MoAb (MR1) could not block (see
Fig. 2a for a representative result). Anti-CD154 MoAb inhibited
the B cell proliferation induced by the CD154-intact Th1 line 5-1,
but not that induced by either of the CD154-deficient Th1

lines G1 or P5. To determine if B cell proliferation is contact-
dependent, a membrane insert was used to prevent contact by the
T cell lines with purified B cells (Fig. 2b). The CD154-deficient
line (P5) induced substantial proliferation of B cells either with or
without a membrane insert between irradiated P5 and purified B
cells, indicating that P5 stimulates a B cell proliferative response
in both a contact-dependent and -independent manner. In
addition, under the same conditions, anti-IFN-g or IL-2 MoAb
partially inhibited B cell proliferation but anti-TNF-a did not.

Fig. 1. CD154 and the transmembrane form of TNF-a (mTNF-a) on activated MRL/lpr T cell lines. CD154-intact autoreactive Th1 (5-1),
and Th2 (4-1) lines and CD154-deficient Th1 (P5) were stimulated with plate-bound anti-CD3e MoAb (5 mg/ml) for the indicated time.
CD154 was not expressed on P5 during 0–48 h stimulation with anti-CD3e MoAb. Bold lines show staining with anti-CD154 or TNF-a
MoAb, and regular lines show isotype control.
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These results indicate that contact-independent T cell-mediated B
cell proliferation is partially dependent on IFN-g and IL-2, but not
on sTNF-a.

Involvement of mTNF-a and TNF-R in CD154-independent 
B cell activation
Next, to clarify whether the mTNF-a-TNF-R pathway partici-
pates in contact-dependent B cell proliferation, anti-TNF-a or
TNF-R MoAb was added to the co-cultures of irradiated lines and
purified B cells (Fig. 3). Anti-TNF-a MoAb induced a reduction
of about 50% in the B cell proliferative responses induced by a
CD154-deficient line (G1 or P5). As sTNF-a was not involved in
contact-independent B cell proliferation, this result indicates that
the anti-TNF-a MoAb completely abrogates contact-dependent
B cell proliferation, and suggests that mTNF-a is responsible for
triggering B cell proliferation. Anti-TNF-R2 MoAb also inhibited
the proliferative responses induced by both CD154-deficient and
intact Th1 lines. Anti-TNF-R1 MoAb inhibited B cell prolifera-
tion, but only at a high concentration (= 25 mg/ml).

We next examined whether our CD154-deficient Th1 cell lines
had the capacity to provide B cell help for autoantibody produc-
tion in vitro (Fig. 4a). While anti-dsDNA antibody was not
released from CD154-deficient B cells after co-cultures with the
lines (data not shown) two of the five lines, G1 and P5, induced
high levels of SI, especially in the absence of the membrane insert,
suggesting that both provide contact-dependent help for anti-
snRNP antibody production. With the membrane insert, the SI of
CD154-deficient lines was the same as that of PCC-Tg T cells,
which is thought to constitute contact-independent help [9].
Moreover, in in vitro helper assays, both anti-TNF-a and TNF-R2
MoAb inhibited anti-snRNP antibody production but anti-

CD154 and TNF-R1 MoAb did not (Fig. 4b). Anti-IFN-g MoAb
also inhibited anti-snRNP antibody production, indicating that
IFN-g is also involved in autoantibody production in a contact-
independent manner.

DISCUSSION

We successfully isolated two autoreactive CD4+ ab Th1 cell lines
from CD154-deficient MRL/lpr mice. These lines (G1 and P5)
have the capacity to provide B cell help for IgG anti-snRNP anti-
body production in a contact-dependent manner. Co-stimulation
of mTNF-a, which is expressed predominantly on Th1 cells, and
TNF-R2 was mainly involved in the production of IgG autoanti-
bodies. In a previous study, we demonstrated that CD154-
deficient MRL/lpr mice exhibited IgG2a class switching similar to
that seen in wild-type MRL/lpr mice, and produced anti-snRNP,
but not anti-dsDNA antibody [21]. These results indicate that
CD154 is required for a high titre of anti-dsDNA antibody pro-
duction, but that IgG class switching and the genesis of IgG2a
anti-snRNP antibody are not necessarily dependent upon the
pathway mediated via CD154 in lupus-prone MRL/lpr mice.

B cells or MHC class II has a critical role in T cell activation
during the generation of systemic autoimmunity [25,26]. The
MHC class II molecule (I-Ek) was required for the proliferation
and IFN-g secretion of CD154-deficient MRL Th cells. Super-
antigens including endogenous Mtvs (from mouse mammary
tumour virus), however, do not seem to be involved in the prolif-
eration of our Th1 lines because the proliferation of the G1 and
P5 lines was increased in the presence of extractable nuclear anti-
gens. Papiernik et al. showed that clonal deletion of Vb6+ CD4+

T cells by Mtv-6-SAG was avoided in MRL/lpr mice [27]. The

Fig. 2. B cell proliferative responses to autoreactive Th1 lines. (a) Anti-CD154 MoAb (MR1) dramatically inhibited B cell proliferation
induced by the CD154-intact line (5-1), but not that by the CD154-deficient line (G1 or P5). (b) A membrane insert ( ) was used to
prevent contact by T cell line (P5) with B cells. Irradiated (1500 rad) T cells, which do not proliferate themselves, enhanced purified B cell
proliferation. Irradiated (3000 rad) B cells are thought to promote cytokine production from the T cell line as an APC. CD154-deficient
lines induce B cell proliferation both in a contact-dependent and -independent manner; however, contact-independent B cell proliferation
(black bar) was not inhibited at all by anti-TNF-a MoAb, but was inhibited by anti-IFN-g or IL-2 MoAb (hatched bar). Concentration of
MoAb or isotype control: 25 mg/ml. This figure shows the representative results of three experiments. iT; irradiated T cells (P5), pB; purified
B cells, iB; irradiated B cells. **P <0·01 (versus isotype control). (a) �, 5-1 (with hamster IgG); �, G1; �, P5; �, 5-1; *B cells alone.
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influence of known Mtvs on MRL/lpr T cell receptor should be
determined to exclude involvement of the maternally inherited
superantigen-induced T cell response.

On the other hand, the dramatic inhibition by anti-CD154
MoAb of B cell proliferation with the CD154-intact line indicates
that CD40-CD154 signalling is profoundly involved in B cell up-
regulation even after T cells have been primed [28]. CD154-defi-
cient lines, nevertheless, still induced B7-2 expression, syngeneic
B cell proliferation and anti-snRNP secretion, indicating that
MRL Th1 cells have the capacity to provide B cell help for
autoantibody production in the absence of CD154. The insertion
of a membrane to separate Th1 and B cells reduces the B cell
proliferation and autoantibody production, suggesting that the
Th1 cell lines stimulate B cells both in both a contact-dependent
and -independent manner.

mTNF-a is processed to generate sTNF-a by a disintegrin
metalloproteinase, known as the TNF-a-converting enzyme
(TACE) [29,30]. Aversa et al. reported that mTNF-a was rapidly

expressed on human CD4+ Th2 cells activated with Con A
and that the mTNF-a-TNF–R1 interaction can provide a
contact-dependent signal for the production of IgG4 and IgE [31].
In our study, we demonstrated that mTNF-a, which was expressed
on the Th1 line 12 h after stimulation, was involved in B cell acti-
vation mediated via TNF-R2. This observation is consistent with a
previous report that mTNF-a is the prime activating ligand for
TNF-R2 [32]. mTNF-a is known to be involved in autoimmune
disorders [33–35], but this is the first report to show the extent of
mTNF-a-mediated autoimmune T-B contact help and autoanti-
body production. Macchia et al. demonstrated that HIV-infected
human T cell clones did not express CD154 but did express
mTNF-a, which induced polyclonal B cell activation in a contact-
dependent manner [36]. This report also suggested that under
certain pathological conditions mTNF-a may be up-regulated
independently of CD154 expression and activate B cells. As
reported previously, defective TNF function may cause autoim-
munity [37]. In our preliminary experiments, the G1 line failed to

Fig. 3. Inhibition by anti-TNF-a/TNF-R MoAb of B cell proliferative responses to CD154-intact (5-1) or -deficient (G1 and P5) Th1 cell
lines. Anti-TNF-a MoAb and anti-TNF-R2 MoAb partially inhibit B cell proliferative responses, and are therefore thought to be mediated
via contact-dependent T cell help. Anti-TNF-R1 MoAb also seems to block proliferation by G1 and P5, although a high concentration
(>25 mg/ml) was required. Rat IgG1 and hamster IgG constitute isotype controls of anti-TNF-a and anti-TNF-R1 or R2 MoAb, respectively.
% Inhibition = (1-{[3H]-thymidine uptake with blocking MoAb (cpm)/[3H]-thymidine uptake with isotype control(cpm)}) ¥ 100. Mean cpm
of triplicate cultures was used for calculations; s.d. for each experiment was less than 10%. �, 5-1; �, G1; �, P5.
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induce renal diseases suggesting that mTNF-a-expressing cells
may stimulate anti-snRNP antibody, but not severe organ
involvement, in lupus. mTNF-a expressing recombinant virus-
infected cells, however, had no effect on B cell proliferation [38],
suggesting that other molecules such as CD44H or ICAM-1
[39,40] may be required for mTNF-a-mediated B cell activation.

Recently, some co-stimulatory molecules such as CD70/CD27
or CD134/CD134L have been reported to be associated with T
cell-dependent B cell responses [41]. CD70 (CD27L) has also
been reported to have the capacity to activate B cells through
engagement with CD27 [42]. CD27–CD70 co-stimulation then
contributes to enhancement of the antigen-presenting capacity of
B cells or plasma cell differentiation after CD40-dependent acti-
vation [43,44]. There may also be other candidates participating in
Th1-type T cell responses [45] in the absence of the CD40–CD154
system. Although our B cell activation assay with the Fab frag-
ment derived from anti-CD27 MoAb (clone: LG.3A10) [45] was
performed under the same conditions, this MoAb did not affect B
cell proliferation/IgG2a secretion (data not shown). mTNF-a and
CD70 therefore appear to be associated with different stages in T-
cell dependent B cell activation.

How and to what extent CD154-inactive T cells are involved
in autoantibody production in human SLE remains unclear.
Serum levels of anti-dsDNA antibody in human lupus fluctuate
with the intensity of lupus manifestations, and appear to be sen-
sitive to the effects of immunomodulatory agents. On the other
hand, it is unusual for anti-snRNP (or Sm) antibody to disappear
completely [46] or show marked responsiveness to therapy. The
mechanism of anti-snRNP antibody production thus appears to
be different from that of anti-dsDNA antibody, and not be inde-
pendent of CD154. The investigation of co-stimulatory molecules

including CD154 and mTNF-a in peripheral lymphocytes from
active and inactive lupus patients who have both anti-DNA and
RNP antibody is a future project of ours. A recent study using
(NZBxNZW)F1 mice indicated that CD4+ T lymphocytes with
preformed CD154 could not provide a proliferation signal or
reduce the activation threshold in B cells [47], suggesting that the
direct target cells for CD154-expressing T cells may not be anti-
dsDNA antibody-producing B cells. It is thus possible that the
mechanisms of anti-dsDNA antibody and anti-snRNP antibody
production are different in the target cells of autoantigen-reactive
T cells. Our preliminary results show that autoantibodies to the
whole chromatin molecule, which are thought to represent the
primary immune response, could sometimes be detected in
CD154-deficient MRL/lpr mice. Anti-dsDNA antibody pro-
duction may be the secondary immune response, for which
CD40–CD154 engagement is essential, while antichromatin and
anti-snRNP antibody are the primary response, for which CD154
may not be essential.

CD154-deficient MRL/lpr mice sometimes present with a
much milder renal disease but severe skin disease [21]. These
results are consistent with the previous observation that the
pathogenesis of skin disease induced by ab CD4+ T cells may be
different from that induced by gd T cells that need the CD40–
CD154 signal [48]. A recent study found that the blockade of  the
CD40–CD154 interaction is not sufficient for complete suppres-
sion of lupus, and that additional blockade of the CD28/B7 mol-
ecule may be more beneficial [49]. Our findings also suggest that
anti-CD154 MoAb therapy could suppress CD154-mediated
severe lupus manifestations such as anti-dsDNA antibody
synthesis and severe glomerulonephritis. Some manifestations,
especially those related to the Th1-mediated immune response,

Fig. 4. In vitro B cell helper assay. (a) A membrane insert was used to prevent contact by the T cell line with B cells (white bar). In the
absence of the membrane, G1 and P5 could induce more than the standard level of SI. Stimulation index = (concentration in culture
supernatant of experimental wells)/(concentration in culture supernatant of B cells alone). The figure shows representative results of three
experiments. (b) Comparison of levels of anti-snRNP antibody in the supernatant of T cell line (P5)–B cell co-culture with the blocking
antibody and isotype control determined by ELISA. Anti-TNF-a, IFN-g, and TNF-R2 MoAb inhibited anti-snRNP antibody production,
while anti-TNF-R1 MoAb did not. % Inhibition = (1-{titre of anti-snRNP antibody with blocking MoAb (O.D.405nm)/anti-snRNP antibody
with isotype control (O.D.405nm)}) ¥ 100. Concentrations of blocking antibody and isotype control: 25 mg/ml. This figure shows the repre-
sentative results of three experiments. �, With membrane insert; �, without membrane insert.
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however, may be resistant to anti-CD154 MoAb treatment. We
therefore suggest that it is advantageous to treat murine lupus
with a combined blockade of CD154 and TNF-R2.
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