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SUMMARY Serum from patients with systemic lupus erythematosus (SLE) prevents the prolifera-
tive response of normal T cells when stimulated by autologous or allogeneic non-T cells. The
abrogation of proliferation in an autologous mixed lymphocyte reaction (AMLR) with SLE serum
is associated with a lack of suppressor T cell generation. Fractionation of SLE sera on sucrose
gradients reveals an 18-12 S peak of Raji cell binding material. Fractions with an S value of 12 S
show inhibitory activity in an AMLR.

Systemic lupus erythematosus (SLE) is an autoim-
mune disease characterised both by an excess of cir-
culating immunoglobulins' and by the production of
antibodies normally immunogenically quiescent.
Antigens abnormally recognised in SLE include nuc-
lear proteins,2 nucleic acids,3 ,8-2 microglobulin,4 and
T lymphocyte surface molecules.5
Normally the production of antibodies by B lym-

phocytes is influenced by the activity of T lympho-
cytes. Helper T cells (Th) increase B cell antibody
production, while suppressor T cells (Ts) reduce it.
The abnormal antibody production in SLE may
therefore reflect an intrinsic B cell defect, malfunc-
tioning of T cell control of B cell activity, or both. We
report here that lupus sera contain an activity which
inhibits the generation of Ts cells in normal donors.
The autologous mixed lymphocyte reaction

(AMLR) is a proliferative response of normal T cells
when stimulated in vitro by autologous non-T cells.6
In this response T cells are generated which suppress
the proliferative and cytotoxic responses of fresh T
cells7 as well as inhibiting B cell antibody production.
For example, AMLR primed T cells suppress the
proliferation of fresh T cells stimulated by either
autologous or allogeneic non-T cells. Antibody pro-
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duction in vitro, induced both polyclonally by
mitogen and specifically by antigen, is also suppres-
sed by AMLR primed T cells.8

Cells from SLE patients, however, fail to prolifer-
ate and generate Ts cells in an AMLR.7 Cell mixing
experiments with cells from normal donors and SLE
patients have suggested that the deficiency in the
SLE AMLR response lies at the responder T cells
level.'
T cells from SLE patients also fail to develop nor-

mal levels of suppressor activity after stimulation
with concanavalin-A (con-A),'0 a deficiency that is
reinforced if the con-A response is performed in
autologous lupus serum." The inability of SLE
patients to respond in an AMLR, together with the
absent suppressor response to con-A, has led to sug-
gestions that deficient suppressor control contributes
to the abnormal B cell activity characteristic of the
disease . lo

In this study we show that sera from SLE patients
inhibit the proliferative and suppressor responses in
the AMLR, using cells from normal donors. A pre-
liminary characterisation of the inhibitory factor
shows that cytophilic IgM anti-T cell antibodies are
not responsible. These data suggests that any inherent
deficiency in Ts cells or their precursors in SLE
patients may be exacerbated by factors in their
serum.
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Patients and methods

Patients. Seven consenting female patients with
systemic lupus erythematosus were studied. All
patients fulfilled 4 or more of the American
Rheumatism Association's criteria for the classifica-
tion of SLE. Serum samples were obtained from
patients and normal laboratory staff and stored at
-50°C. Age, treatment and disease activity of the
patients are recorded in Table 1. Disease activity was
graded according to the UCH/Middlesex Hospital
criteria"2 (1 =inactive, 2=moderately active, 3=se-
verely active). Circulating immune complexes (CIC)
were measured by polyethylene glycol (PEG) pre-

cipitation"3 and the erythrocyte sedimentation rate
(ESR) by the Westergren method. Antibodies to
DNA were measured by a commercially available kit
(the Radiochemicals Centre, Amersham, England),
which measured binding largely to double stranded
DNA. A total peripheral blood lymphocyte (PBL)
count is included in Table 1.

Serum fractionation. Sera from normal donors and
SLE patients were fractionated by centrifugation
over 10-40% w/v sucrose gradients at 100 OOOg for
18 hours. 1 ml of test serum or 1 ml of a 32P labelled
rRNA marker solution (kindly donated by Dr M.
Fried) was layered over a total gradient volume of
14-8 ml. After centrifugation 1 ml fractions were

collected and their sucrose concentration and
radioactivity measured. Individual fractions from the
serum gradients were dialysed exhaustively against
phosphate buffered saline (PBS, pH 7-2) and their
absorbance at 280 nm measured (Pye Unicam
SP6-500 UV spectrophotometer, Pye, Cambridge,
England). Protein concentration was calculated rela-
tive to the extinction coefficient of IgG. Fractions
were then assayed in the Raji cell radioimmunoassay,

and for inhibitory activity in mixed lymphocyte reac-
tions. S values for the fractions were obtained by
relating their sucrose concentration to those of the
32P labelled rRNA subunits.

Raji cell radioimmunoassay. The assay procedure
was a micromodification of the method described by
Theofilopolous et al. 14 Briefly, 100 ,ul of Raji cells
at a concentration of 5 x 106/ml in balanced salt
solution (BSS) were dispensed into the round-
bottom wells of a microtitre plate (Titertek, Flow
Laboratories, Paisley, Scotland), 100 ,ul of test sera,
diluted 1:10 in BSS were then added to triplicate
wells. After a 45-minute incubation (37°C, 5 % CO2
humidified incubator), the plates were spun, and the
cell pellets washed 3 times in BSS. 100 I-l of 125I
labelled goat antihuman F (ab)2 (diluted to a con-
centration of 1 mg/ml in BSS containing 1 % heat
activated newborn calf serum) was then added to
each well, and the incubation was continued for a
further 30 minutes at 4°C. The anti-immunoglobulin
reagent was a kind gift from Dr A. R. Sanderson
(Guy's Hospital, London) and had been purified by
ion exchange and affinity chromatography.
Radioiodination was performed by the chloramine T
method."6 At the end of the incubation the plates
were spun and the cells washed 3 times as described
above. Washed pellets were transferred in 100 Al
volumes of BSS to LP2 tubes (Luckham Ltd, Burgess
Hill, Sussex, England). Radioactivity was counted in
a LKB-Wallac gamma counter (Model 128C
Ultragamma LKB, Bromma, Sweden).
The results for individual sera are expressed as a

percentage of counts per minute (cpm) bound by a
standard SLE serum, as calculated by the following
formula:
Raji binding unit (RBU) =

Test sera cpm bound - background cpm bound
x 100

Standard sera cpm bound - background cpm bound

Table 1 Clinical, pathological, and therapeutic parameters ofpatients whose sera or cells were used in the study

Patient Age CIC (MgIml) C3 (puglml) ESR DNA binding Total Treatment Disease
(normal <100) (Normal= (mmlhour) (units/ml) PBL s/ml activity
PEG pptn. 860-1800 (normal s15) (normal 630) xlO'

pg/mi)

1 39 600 1422 107 25 1-1 Flurbiprofen 2
(300 mg/day)

2 46 125 729 65 20 0 3 Azathioprine (125 mg/ 2
day, prednisolone
(5 mg/day)

3 21 400 640 77 130 0 9 None 2
4 56 1189 1498 26 8 0-8 Prednisolone (4 mg/day), 2

indomethacin (150 mg/
day), aloxiprin (2-7 g/day)

5 27 53-7 741 74 30 0-4 Prednisolone 2
(10 mg/day)

6 33 339-2 784 96 150 1-0 None 3
7 53 174 1045 73 9 0-9 Prednisolone 2

(5 mg/day)

CIC=circulating immune complexes. PBL=peripheral blood lymphocytes.
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A reproducibility study of the assay testing 30 SLE
sera on consecutive days gave a correlation coeffi-
cient of r2=0 97.

Autologous and allogeneic mixed lymphocyte reac-
tions. The basic method for separation of the respon-
der T from stimulator non-T cells has been described
elsewhere.17 In the cultures 3 x 106 E-
rosette-positive, nylon nonadherent cells (E+NA)
were added to 1 x 106 E-rosette-negative cells which
had been depleted of monocytes by adherence to
plastic and inactivated with mitomycin C (E-NA).
Replicate cultures were set up in the 16 mm wells of
Costar plates (3524 Costar, Cambridge, Mass), in a
total volume of 2 ml RPM1-1640 (ICRF Media
Unit) containing 5 x 10-5M 2-mercaptoethanol and
10% heat inactivated normal (NHS) or SLE serum.
The plates were incubated at 37°C in a 5% CO2
humidified atmosphere. 100 gl of each well were
sampled daily and pulsed with 125I-iododeoxyuridine
('25IUDR) as described elsewhere.8

Addition ofsucrose gradient fractions to AMLRs.
SLE serum was fractionated on sucrose gradients as
described above. The fractions were then sterilised
by filtration through millepore filters (0 45 ,um).
Each fraction was then added to AMLR wells con-
taining cells from normal donors in 10% NHS as
described above, to give a final concentration of
10%. A solution of bovine serum albumin in PBS
with protein concentration equal to that of the gra-
dient fraction with the highest protein concentration
was also added as a protein control. Cultures were
pulsed with 125IUDR every 24 h as described earlier.8
Assay for suppressor cells. AMLRs using cells from

normal donors were set up in 10% heat inactivated
NHS or SLE serum as described above. After 7 days
viable cells were recovered over Ficoll/Hypaque,
washed twice in RPMI+ 10 mM Hepes, and resus-
pended in RPMI 1640 containing 5 x 10-
2-mertcaptoethanol and 10% heat inactivated NHS.
The AMLR primed cells were added in titrating
numbers to a second fresh AMLR using cells from
the same normal donor. The fresh cultures were
pulsed daily with IUDR as described above for a total
of 7 days.

Results

Kinetics of the AMLR in normal persons and its
absence in patients with SLE. The time kinetics of an
AMLR in NHS using cells from normal and SLE
donors is shown in Fig. 1. With normal cells there
was a marked peak of IUDR incorporation with a
maximum on day 6. Normal E+NA cells that have
been cultured but not stimulated showed no pro-
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Fig. 1 The proliferative response ofa primary AMLR (as
measured by incorporation of '25IUDR), using cells from a
normal donor (u-u), SLE patient no. 1 (@- ), and
unstimulated normal E+NA cells (0-o).
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Fig. 2 Day 6 incorporation of '25IUDR offresh
unstimulated normal E+NA cells (0), fresh stimulated
E+NA cells (AMLR, U), AMLR +5 xl O'cultured
unstimulated autologous E+NA cells (Z), AMLR +5 x105
AMLR primed autologous E+NA cells (8).

liferative response. With E+NA cells derived from a
patient with SLE and stimulated with autologous
E-NA there was no response.
When the stimulated and unstimulated normal

E+NA cells were recovered on day 6 of an AMLR in

X
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NHS and added to a second fresh AMLR using cells
from the same normal donor, the stimulated or
AMLR primed E+NA cells suppressed the primary,
day 6, response in the fresh AMLR culture. The
unstimulated E+NA cells did not suppress the fresh
AMLR response (Fig. 2).

The effect ofSLE serum on the normalAMLR and
allogeneic MLR. The same SLE sera with differing
levels of Raji cell binding material (RBM) were
added to both an AMLR and an allogeneic MLR
using responder E+NA cells from the same normal
donor. In NHS both autologous and allogeneic
responses showed marked peaks ofIUDR incorpora-
tion, reaching a maximum at day 5-6. All the SLE
sera essentially completely inhibited the proliferation
of the responder E+NA cells in the AMLR. How-
ever, the same SLE sera reduced the response of the
responderE+NA to allogeneic stimulation but not to
the same extent as in the AMLR (Fig. 3).
SLE serum was incubated overnight with or with-

out Raji cells before addition to a normal AMLR or
allogeneic MLR (Fig. 4). Whereas both autologous
and allogeneic MLRs were inhibited by unabsorbed

Day

Fig. 3 Autologous and allogeneic MLRs using cells from
normal donors in 10% heat inactivated (HI) NHS (<20
RBUs, 9-*), 10% (HI) SLE serum (patient no. 2, 87 5
RBUs, o-o); 10% (HI) SLE serum (patient no. 3, 58-1
RBUs, -m); 10% (HI) SLE serum (patient no. 4, 26 9
RBUs, o-o).

DAY

Fig. 4 Autologous MLR using cellsfrom cells from normal
donor in 10% (HI) SLE serum (patient no. 5, o-o); 10%
(HI) Raji absorbed SLE serum (patient no. 5, a-O).
Allogeneic MLR using cells from normal donors in 10 %
(HI) SLE serum (patient no. 5, 0-0); 10 % (HI) Raji
absorbed SLE serum (patient no. 5, rn-).

or sham-absorbed SLE serum as described above,
proliferative responses within the normal range were
revealed after absorption with Raji cells. Normally
the maximum incorporation of IUDR was greater in
the allogeneic than the autologous MLR. In Fig. 4 the
autologous and allogeneic responses which had
roughly equal peak incorporation have been chosen
so as to demonstrate the differential inhibitory effect
of the SLE sera.

Inhibition of suppressor cell generation in the
AMLR in SLE serum. An AMLR with cells from a
normal donor was set up in NHS and an SLE serum
and pulsed daily with '25IUDR. As described above,
the response in SLE serum did not show any
increased incorporation over that of the cultured but
unstimulated E+NA cells, while the AMLR in NHS
showed significant uptake with a peak incorporation
at day 6 (5800 cpm). Viable cells from the unstimu-
lated cultures and from stimulated cultures in NHS
and SLE serum were recoverd by centrifugation on
Ficoll/Hypaque. The recovered cells were added, in
the numbers shown, to a second fresh AMLR in NHS
using cells from the same normal donor. Cultures
were pulsed daily with 125IUDR (Fig. 5).

In the presence of cultured but unstimulated
E+NA cells the fresh AMLR showed significant
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of the fresh AMLR to which they were added (data
not shown).

Sucrose gradient profile ofSLE serum as measured
by the Raji assay and the addition ofgradient fractions
to a normal AMLR in NHS. In order to size the
inhibitory material SLE serum was fractionated by
sucrose density gradient centrifugation. Fractions
from the gradient were assayed for protein, sucrose
concentration, and RBM in the Raji cell radioim-
munoassay. The sedimentation coefficient of indi-

ISO
Raji

Binding
Units

5.

Day

Fig. 5 Fresh AMLR in 10% (HI) NHS using cells from
normal donor (0-0). To this was added 4 5 x105autologous
AMLR primed E+NA cells in SLE serum (patient no. 6,
e-e); 5 x1Ounstimulated cultured autologous E+NA cells
(in NHS, -o); 5 x105 autologous AMLR primed E+NA
cells (in NHS, A-A); 2 x105 autologous AMLR primed
E+NA cells (in NHS, A-A). The response offresh
unstimulated E+NA is shown thus, n--.

time-dependent incorporation reaching a maximum
on day 6. Addition of cells primed in the AMLR in
NHS altered these time kinetics. Peak proliferation
was now maximal at days 2-3 and therefore occurred
in an accelerated or secondary character response.
There was little incorporation at day 6. Mitomycin C
inactivation of the AMLR primed cells abolished the
secondary or day 3 response but did not reveal a
primary day 6 response (data not shown). These data
suggest that T cells primed in an AMLR in NHS show
some secondary response to antigenic restimulation
but suppress the primary response of autologous T
cells in a fresh AMLR.

In the presence of T cells recovered from the
AMLR in SLE serum 125IUDR incorporation rose to
reach a maximum on day 6 of the response. There
was no accelerated peak on day 3, nor was the in-
corporation on day 6 significantly lower than in
AMLR cultures containing the same number of cul-
tured, unstimulated T cells. Mitomycin C inactivation
of AMLR primed cells was without effect on the
magnitude and kinetics of the proliferative response
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Fig. 6 (upper section). Sucrose gradient profile ofRBM, as
measured by the Raji radioimmunoassay ofan SLE serum
(patient no. 7, ar-), and an NHS (o-c). Lower section:
The addition offractions from the same SLE gradient to an
AMLR in NHS using cells from a normal donor. The results
are expressed as a percentage of the day 6 response of the
control AMLR cultures with no fractions added. BSA was
used as a protein control. The day 6 response ofan AMLR in
the same SLE serum as was run on the sucrose gradient is
shown. An estimated S value ofthe added fractions is also
indicated on the horizontal axis.
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vidual fractions was calculated by reference to a stan-
dard curve of 32P labelled rRNA markers of known S
value. Fractions were then added to a normal AMLR
in NHS (Fig. 6). In the top section of this figure the
profile of RBM in a representative SLE serum and in
an NHS is related to the calculated S value of indi-
vidual fractions. The peak levels of RBM were

found between 7 and 19 S has been found in
all SLE sera investigated. In some but not all the NHS
fractionated in this way a peak of similar S value but
containing very much less RBM was evident, as in the
example shown. In other NHS, however, no peak
could be demonstrated.

In lower half of Fig. 6 individual fractions from the
SLE serum gradient were added, at a final concentra-
tion of 10 %, to an AMLR using normal cells in NHS.
125IUDR incorporation was measured on day 6 and
expressed as a percentage of the incorporation by the
AMLR in the absence of added material. Addition of
BSA or heat aggregated human gamma globulin at a

protein concentration equal to that of most concen-

trated gradient fraction was without effect on the
response. Fractions from the serum gradient with S
values between 20 and 14 S similarly produced no

inhibition. Serum fractions with S values - 12S, how-
ever, did inhibit the AMLR, while those between 2
and 10S effected complete inhibition, as seen with
the unfractionated SLE serum.

Discussion

This paper shows, firstly, that sera from patients with
active SLE inhibit the proliferative response by T
cells from normal donors when stimulated by either
autologous or allogeneic non-T cells. We show also
that the abrogation by SLE sera of proliferation in
the AMLR is associated with a lack of suppressor T
cell generation.

Inhibition of the allogeneic MLR by SLE sera has
already been reported.5 All the sera we have studied
(total of 38 serum samples from 18 patients) inhibit
the AMLR more profoundly than the allogeneic
reaction. In some cases individual SLE sera, without
effect in the proliferative response to alloantigen, can

inhibit the AMLR completely.
These serum-mediated inhibitory effects occur

independently of the treatment received by indi-
vidual patients (Table 1). Sera from patients not
receiving therapy can completely inhibit the AMLR.
Absorption of SLE sera by Raji cells removes the
inhibitory effect. Native immunoglobulin and
immune complexes bind to Raji cells." Although in
our own studies the levels of RBM and inhibitory
potency in the allogeneic MLR, do not correlate
(r2=0-02, p>0.05), the Raji cell radioimmunoassay,

inter alia, does detect immunologically active serum
factors.
When the AMLR performed in NHS, cells from

normal donors proliferate to generate T cells which
suppress proliferative and cytotoxic responses7 and
inhibit polyclonal"8 as well as specific antigen-
induced antibody synthesis in vitro. Cells from SLE
patients do not proliferate in an AMLR even when
the reaction is carried out in NHS."9 SLE sera as
well as inhibiting proliferation in the normal AMLR
also prevents the generation of suppressor T cells
(Fig. 5).

Cells from SLE patients are also deficient in the
suppressor response to mitogen,9 and this deficiency
is exaggerated if the response is performed in auto-
logous serum."1 SLE serum has been reported to
prevent the in vitro generation of suppressor cells in
normals as opposed to inhibiting the function of Ts
once activated.20 Our data may well support this
observation.

Fractionation of SLE sera on sucrose gradients,
with measurement of RBM in individual fractions,
reveals on 8-12 S peak of material in all SLE sera
investigated (Fig. 6, upper section). Addition of these
fractions to an AMLR in NHS shows the inhibitory
activity to have an S value of - 12S (Fig. 6, lower
section). Although 19 S IgM anti-T cell antibodies
have been well described in the sera of patients with
SLE,2' the fractionation study would suggest that
they are not responsible for the inhibitory effects
reported here. Further characterisation of the
inhibitory factor is in progress.

It has been suggested that anti-T cell antibodies are
responsible for the suppressor T cell deficiency in
NZB mice,22 a classical animal model of SLE.23
Recent evidence in the mouse, however, suggests
that T cell defects can exist independently of any
serological effect.24 Anti-T cell antibodies have also
been described in human SLE, as well as cellular
defects in suppressor T cell generation in the AMLR
and by mitogen. The data presented here suggest that
any inherent cellular dysfunction may be reinforced
by serum-borne factors.
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