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Abstract

The cellular basis of the impaired autologous mixed leukocyte
reaction (AMLR) in patients with systemic lupus erythematosus
(SLE) was investigated. Non-T cells from normal subjects and
from SLE patients were fractionated into low and high density
subpopulations. SLE patients were found to have an increased
proportion of low density to high density non-T cells when
compared to normal subjects. Although normal low-density
non-T cells were highly enriched in AMLRstimulatory capacity,

SLE low-density non-T cells induced minimal proliferation by
autologous T cells. Brief incubation of SLE non-T cells with
phorbol myristate acetate or formalin-treated Staphylococcus
aureus resulted in marked augmentation of the capacity of
those non-T cells to stimulate an AMLR, although the mag-

nitude of the activated non-T cell-induced AMLR did not
achieve that observed in normal subjects. No significant alter-
ations in the expression of Ia molecules on the surface of the
non-T cells were detected after in vitro activation. These
experiments support the hypothesis that the impaired capacity
of SLE T lymphocytes to proliferate in response to autologous
non-T cells may in part represent a failure of SLE non-T cells
to present an appropriate stimulus for the generation of a T
cell response.

Introduction

Systemic lupus erythematosus (SLE)' is a disease characterized
by the production of autoantibodies to various nuclear, cyto-
plasmic, and cell surface antigens (1). It is manifest clinically
by widespread tissue damage, at least in part attributable to
those autoantibodies (1, 2). Although antibodies of similar
specificities may be made under certain circumstances in
normal individuals (3-5), control mechanisms presumably
exist that limit the production of immunoglobulins with the
potential for damage of autologous tissue. In patients with
SLE, such regulatory controls have failed.
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1. Abbreviations used in this paper: AMLR, autologous mixed leukocyte
reaction; CH50, total hemolytic complement; FACS, fluorescence-
activated cell sorter, FSA, formalin-treated Staphylococcus aureus

organism; IL-I or IL-2, interleukin I or 2; PMA, phorbol myristate
acetate; SLE, systemic lupus erythematosus; SRBC, sheep erythrocyte.

Weand others have previously described a marked defi-
ciency in autologous mixed leukocyte reactivity (AMLR) in
patients with SLE (6-10). The AMLRis an in vitro system in
which T lymphocytes proliferate in response to irradiated
autologous non-T cells (1 1, 12). It has been shown to generate
suppressor activity (13, 14). Thus, one possible consequence
of an impaired AMLRin patients with SLE might be the
defective generation of T suppressor cells and the factors
responsible for inhibiting autoimmune reactivity.

The cellular basis of the impaired AMLRin patients with
SLE has been studied by ourselves and others. Our studies
involved MLR-identical twins discordant for SLE, and provided
data in support of a defect in the capacity of non-T cells to
stimulate autologous T cell proliferation (8). Data from other
laboratories have confirmed a non-T cell defect but have also
documented impaired interleukin I (IL-1) and interleukin 2
(IL-2) production and depressed T lymphocyte responsiveness
in the AMLRof SLE patients (9, 15).

The present studies demonstrate that in contrast to untreated
non-T cells from patients with SLE, which have little capacity
to stimulate autologous T cells, in vitro-activated non-T cells
stimulate vigorous autologous T cell proliferation. These data
suggest that the impaired capacity of SLE T cells to proliferate
in response to autologous non-T cells may result, in part, from
a failure of the non-T cells to deliver the appropriate signal
for the generation of an autologous T cell response.

Methods

Subjects. Nine control subjects were in good health and derived from
laboratory personnel or volunteer blood donors to the New York
Blood Center. 10 patients were studied, eight female and two male,
who ranged in age from 21 to 58 yr. All cases had been followed in
the clinic of The Rockefeller University Hospital by staff physicians
and met the revised American Rheumatism Association criteria for
the diagnosis of SLE (16). Disease activity was assessed based on the
presence of hematologic abnormalities (hemolytic anemia or platelet
count < 60,000), fever, rash, arthritis, nephritis, serositis, or central
nervous system involvement. Patients with none of these abnormalities
at the time of study were termed inactive (0), those with one or two
of these abnormalities were termed mildly active (+), and those with
three or more of these abnormalities were termed active (++). The
dose of immunosuppressive drug with which the patient was being
treated at the time of study was recorded. Four patients were receiving
no prednisone, two patients were receiving 10 mgof prednisone daily,
and three patients were receiving >20 mg of prediiisone daily. One
patient was on a regimen of Delatestryl, 200 mgintramuscularly, every
2 wk.

Serum complement. Total hemolytic complement (CH50) deter-
minations on the patients' sera were performed in the clinical laboratory
of The Rockefeller University Hospital using the sheep erythrocyte
(SRBC) hemolysis assay (17). Results are expressed as total hemolytic
units, with the normal range being 150-250 U.
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Cell preparations. Peripheral blood mononuclear cells were obtained
by Ficoll-Hypaque density gradient centrifugation and T and non-T
cells were separated by rosetting with neuraminidase-treated SRBCas
previously described (18).

In some experiments, non-T cells were incubated on plastic flasks
(no. 3024, Falcon Labware, Oxnard, CA) at 2 X 106 cells/ml in RPMI
1640 (M. A. Bioproducts, Walkersville, MD) containing 10% fetal calf
serum (Armour Pharmaceutical Company, Kankakee, IL) at 37°C for
16 h. Nonadherent cells, depleted of some macrophages, were removed
and fractionated into high and low density subpopulations as follows:
10-20 X 106 cells were suspended in 2 ml of 100% Percoll (Pharmacia
Fine Chemicals, Piscataway, NJ) in a 15-ml tube (Falcon Labware,
no. 2057). 2 ml of 50% and 2 ml of 30% Percoll were then carefully
layered onto the 100% Percoll and the tube was centrifuged at 2,300
rpm for 12 min. High density cells were obtained from the 50/100%
interface and low density cells from the 30/50% interface.

Activation of non-T cells. Non-T cell preparations were adjusted to
3-4 X 10 cells/ml in RPMI 1640 containing 10% fetal calf serum and
incubated in 5 ml plastic tubes (Falcon Labware, no. 2054) with an
equal volume of medium or medium containing 4#-phorbol l2ft-
myristate 13a-acetate (PMA, Sigma Chemical Co., St. Louis, MO) or
formalin-treated Staphylococcus aureus organisms (FSA, Pansorbin,
Calbiochem-Behring Corp., La Jolla, CA). Optimal mitogen doses were
determined in preliminary experiments and were 500 ng/ml PMAand
0.05% FSA.

Non-T cells were cultured at 37°C for 16 h. At the end of the
culture period all cells were washed five times with phosphate-buffered
saline, the cells counted and resuspended in complete culture medium,
which was composed of RPMI 1640 with 10% human AB serum, 1%
penicillin, and streptomycin (Gibco Laboratories, Grand Island, NY)
and 1% glutamine (Gibco Laboratories).

AMLR cultures. Triplicate cultures were established in round-
bottom microtiter plates (Linbro, Flow Laboratories, Inc., McLean,
VA) in a volume of 0.2 ml containing I X 101 T lymphocytes and 1
X 105 stimulator cells which had been irradiated with 3,000 rads from
a cesium source. In some experiments, stimulator cells were incubated
with 100 gg/ml mitomycin C (Sigma Chemical Co.) at 37°C for 30
min and then washed three times before culture. T cells were also
incubated with varying doses of PMA or FSA. Control cultures
contained T cells and complete culture medium. AMLRcultures were
incubated for 6½/2 d in a 5% CO2 incubator at 37°C. To assess T cell
proliferation, 2 Al of [3H]thymidine (sp act 1.9 Ci/mmol, Schwarz/
Mann Div., Becton, Dickinson & Co., Orangeburg, NY) were added
to each culture well during the last 16 h of culture. The cultures were
transferred to filter paper using an automated cell harvester and
[3H]thymidine incorporation was measured in a beta counter. Results
are reported as the mean counts per minute of triplicate cultures.

Cell surface staining. Characterization of the cell types comprising

the non-T cell populations and the low- and high-density non-T
subpopulations, as well as determination of the percentage of resting
and activated non-T cells that carried surface Ia' molecules, were
achieved by the staining of those cells with monoclonal or heteroanti-
bodies. Antibodies used included OKT3 (Ortho Pharmaceutical Cor-
poration, Raritan, NJ), M02 (Coulter Immunology, Hialeah, FL),
VG2 (anti-Ia framework determinant, prepared by Dr. Shu Man Fu,
Oklahoma Medical Research Foundation), and SG171 (anti-DR
monoclonal antibody kindly provided by Dr. J. Silver, The Hospital
for Joint Diseases, New York). Heteroantibodies included fluorescein-
conjugated F(ab')2 fragments of goat anti-human immunoglobulin (Ig)
antibody and fluorescein-conjugated F(ab')2 fragments of goat anti-
mouse Ig antibody (both from Tago, Inc., Burlingame, CA). The
percentage of cells that stained positively was quantitated using fluo-
rescence microscopy (for OKT3) or a Cytofluorograf 30-H (fluorescence-
activated cell sorter [FACS] Ortho Instruments, Westwood, MA). The
intensity of fluorescence was assessed by observation of the histogram
pattern on FACS.

Results

Fractionation of non-T cells into low and high density subpop-
ulations. It has been previously shown in normal subjects that
cells that stimulate autologous T cell proliferation are found
in the low density fraction of non-T cells (19-22). This fraction
contains some macrophages, dendritic cells, and presumably
in vivo-activated B lymphocytes. The high density fraction,
containing small resting B cells and some null cells, stimulates
autologous T cells poorly. It was possible that the low density
cells of SLE patients were either fewer in number or impaired
in their stimulatory capacity when compared to low density
cells from normal donors. Wefractionated non-T cells, which
had been depleted of some macrophages by 16-h adherence,
from four normal subjects and from four SLE patients into
low and high density subpopulations, quantitated the yield of
low- and high-density non-T cells, and studied the AMLR
stimulatory capacities of those cell preparations (Table I).
When the cell yields of low- and high-density non-T cells from
the normal subjects and SLE patients were compared, approx-
imately two-thirds of the normal non-T cells fell into the high
density fraction, whereas approximately two-thirds of the non-
T cells were in the low density fraction in the SLE patients.
Whereas the low-density non-T fraction from the normal
subjects was enriched in AMLRstimulatory capacity when
compared with unfractionated non-T cells, the low-density

Table I. Fractionation of AMLRStimulator Cells into Low and High Density Subpopulations

Difference in [3Hlthymidine incorporateda

Normal subjects SLE patients

Stimulator Responder 1 2 3 44 4Ot 1 2 3 4

Acpm ACpm Acpm Acpm ACpm Acpm Acpm Acpm ACpm

Non-T T 6,535 6,027 27,687 10,191 11,377 20 286 889 ND§
Non-T low density T 22,157 10,814 30,087 ND ND -330 735 412 226
Non-T high density T 1,283 1,268 1,008 3,338 3,312 -417 -6 -205 -74

* 16-h nonadherent SRBCrosette-negative cells were fractionated into low and high density subpopulations, irradiated, and used as stimulator
cells in 61/2-d AMLRs. The counts per minute of T cells incubated with medium is subtracted from the counts per minute of T cells incubated
with the various autologous non-T fractions to give Acpm. The percentage of the low plus high density cells found in the low density fraction
was 23.7±SE 13.7 for the normal subjects and 68.2±SE 10 for the SLE patients. t Unfractionated and high density non-T cells from normal
subject 4 were treated with 3,000 rads (4a) or mitomycin C (4b) prior to culture. § Not done.
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non-T cell fraction from the SLE patients elicited minimal, if
any, autologous T cell proliferation. As expected, the high
density subpopulations from both normal subjects and SLE
patients had little AMLR stimulatory capacity. The poor
stimulation induced by the high density subpopulation was
not attributable to the greater radiation sensitivity of those
cells, as has been reported in a murine system (23). Previous
experiments showed that mitomycin C treatment of normal
high density cells resulted in AMLRstimulation comparable
to that obtained with irradiated high density cells (21). That
result was verified with normal subject 4 (Table I). The
composition of the unfractionated, low-density and high-density
non-T cell subpopulations was compared in the normal subjects
and SLE patients by means of cell surface staining with
monoclonal or heteroantibodies and analysis on FACS (Table
II). The low-density non-T cells obtained from the SLE
patients demonstrated a trend toward increased percentages of
cells reacting with an antimonocyte monoclonal antibody
(M02) or with an anti-Ig antibody when compared to the low
density cells obtained from normal subjects. Normal low-
density non-T cells apparently included more cells bearing
neither T3, M02, nor surface Ig than did the SLE low density
cells. Thus, although the SLE patients had an adequate, in
fact increased, proportion of low-density non-T cells, those
cells stimulated autologous T cell proliferation poorly. Whether
this impaired stimulatory capacity was attributable to inhibition
by a slight increase in macrophages, to a paucity of null or
dendritic cells (which lack T3, M02, and surface Ig) or to
other factors could not be determined from these experiments.

Augmentation of AMLRstimulatory capacity by preincu-
bation of non-T cells with B cell activators. Studies from a
number of laboratories have demonstrated that the stimulatory
capacity in allogeneic or AMLRsof isolated B lymphocytes or
non-T cells from normal subjects can be augmented by incu-
bation with B cell mitogens (21, 24-27). This effect is most
evident with high density B cells (21).

Weasked whether the AMLRin patients with SLE could
be enhanced if an appropriate stimulus were presented. Non-
T cells were incubated for 16 h with PMA, a tumor promoter
that has the capacity to induce B cell differentiation, or with
FSA, a relatively T-independent B cell mitogen. These cells
were then exhaustively washed to remove the activators, irra-

diated, and cultured with autologous T cells (Table III).
Activated non-T cells from normal subjects stimulated three
times as much (PMA) or two times as much (FSA) thymidine
incorporation by autologous T cells when compared to the
base-line AMLR. It should be noted that several subjects
(normal subjects 1 and 3) had an augmented response when
using one activator and not the other. In addition, the subjects
with the most vigorous baseline AMLRs(subjects 4, 5, and 6)
showed minimal augmentation, or a decrease, over their
already excellent response after treatment of their non-T cells
with the B cell activators. It may be that the non-T cells from
these normal subjects had been activated in vivo and that in
vitro treatment was less capable of increasing their AMLR
stimulatory activity.

The AMLRs in patients with SLE were impaired when
non-T cells were used to stimulate T cell proliferation. However,
in vitro-activated non-T cells from SLE patients stimulated a
vigorous AMLR. The mean thymidine incorporation induced
by PMA-activated non-T cells was 29 times greater and that
induced by FSA-activated non-T cells was 14 times greater
than that stimulated by untreated non-T cells. As was true in
normal subjects, there were several patients (subjects 5 and
10) who demonstrated an augmented AMLRafter non-T cell
activation with one mitogen, but not the other.

Experiments were performed in which varying numbers of
untreated or PMA-activated stimulator cells were added to the
AMLR cultures (Fig. 1). Although the magnitude of the
AMLR induced by PMA-activated non-T cells from three
normal subjects was approximately twice that of the non-T
PMA-stimulated AMLRobserved in the three SLE patients
studied, the dose-response pattern was similar in the two
subject groups. The autologous T cell proliferation stimulated
by 0.5 X 10 activated or untreated non-T cells from normal
subjects or activated non-T cells from the SLE patients was
about one-half that stimulated by 1 X 105 non-T cells. When
the stimulator dose was diminished to 0.1 X l10 cells, the
AMLRinduced by activated or untreated non-T cells was not
distinguishable from background T cell proliferation in either
normal or SLE subjects.

It was possible that carryover of B cell activator into the
AMLRcultures accounted for some of the T cell proliferation
observed. Table III provides data that shows the [3H]thymidine

Table II. Characterization of Non-T Cell Subpopulations*

Percentage of cells positive

Nonnal subjects (n = 7) SLE patients (n = 6)

T3 M02 Ig Ia T3 M02 Ig Ia

Non-T unfractionated <3 37±4.1 57±4.7 56±6.1 <2 39±7.9 60±5.0 56±4.6
Non-T low density <3 24±4.5 30±5.5 52±5.6 <2 39±4.6 51±6.9 49±3.6
Non-T high density <4 9±4.0 40±5.7 33±5.6 <2 40±11.4 58±5.7 46±7.9

* SRBCrosette-negative mononuclear cells were incubated for 16 h on plastic, and the nonadherent non-T cells were then fractionated into low
and high density subpopulations as described in Methods. Cells were stained with OKT3, M02, or anti-Ia (VG2) monoclonal antibody followed
by fluorescein-labeled F(ab)2 fragments of goat anti-mouse Ig antibody or with fluorescein-labeled F(ab')2 fragments of goat anti-human Ig anti-
body. Background staining (cells stained with PBS-bovine serum albumin followed by fluorescein-goat anti-mouse Ig) is subtracted from each
result. Percentage of cells staining with OKT3 was determined by fluorescence microscopy and percentage of cells bearing M02, Ig, or Ia/5,000
cells counted was determined by FACS analysis. Results are expressed as mean percentage of positive cells±standard error.
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Table III. T Lymphocyte Proliferation Induced by Autologous Activated or Untreated Non-T Cells

Composition of culture
Disease

Subject activity* CH5Ot Prednisone T + medium T + N-T T + N-TpA T + N-TFsm T + PMA T + FSA

mg/d cpm [13Hthymidine incorporated X 1)3§
Normal

I 0 ND"1 0 0.2 2.2 33.5 4.1 0.6 0.6
2 0 ND 0 3.3 9.2 28.7 24.5 7.8 11.4
3 0 ND 0 0.5 3.0 4.5 13.3 1.4 5.4
4 0 ND 0 0.03 32.5 27.6 22.2 0.9 3.7
5 0 ND 0 1.0 29.4 25.4 4.8 2.4 11.9
6 0 ND 0 0.7 22.4 38.9 ND ND ND
7 0 ND 0 0.1 7.3 69.9 ND ND ND
8 0 ND 0 0.2 9.3 101.4 17.1 8.7 12.2
9 0 ND 0 0.2 11.7 ND 93.1 ND 13.4

X±SE 0.7±0.3 14.1±3.7 41.3±10.7 25.6±11.6 3.6±1.4 8.4±1.9
cpm [3Hlthymidine incorporated X 10'

SLE patient
1 0 228 Delatestryl 0.2 0.5 4.9 8.9 1.8 0.4

200 mg
i.m. q 2 wk

2 0 84 0 0.2 0.4 6.5 3.2 0.9 1.0
3 + 179 0 0.8 1.1 29.1 36.5 1.5 2.0
4 + 75 0 0.7 2.1 7.1 18.4 ND ND
5 + 141 10 0.3 0.4 50.6 0.8 8.0 0.3
6 + 140 20 0.1 0.5 6.1 2.9 1.2 0.3
7 + 134 0 0.6 0.7 25.0 17.7 1.0 1.1
8 + 79 30 0.5 1.0 41.0 10.8 8.0 0.4
9 ++ 84 25 0.5 1.4 ND 5.8 ND 4.8

10 ++ 116 10 0.2 0.2 30.6 0.4 3.4 0.5
X±SE 0.4±0.1 0.8±0.2 22.3±5.7 10.5±3.5 3.2± 1.1 1.2±0.5

Abbreviations: T, T cells; N-T, non-T cells; N-TPMA, non-T cells activated with PMA; N-TFSA, non-T cells activated with FSA. * Activity of
SLE was assessed on the basis of clinical signs and symptoms as described in Methods and noted as 0 (inactive), + (mildly active), or ++
(active). t CH50 was determined for each patient studied as described in Methods. The normal range for CH50 is 150-250 total hemolytic
units. § I X 105 T lymphocytes were incubated for 61/2 d with complete culture medium, irradiated autologous non-T cells, in vitro-activated
non-T cells, or with PMA500 ng/ml or FSA 0.05%. [3HJThymidine incorporation during the final 16 h of culture was measured and results are
expressed as counts per minute X 10-3. 1A Not done.

incorporated by T cells incubated for 6/2 d with the same dose
of B cell activator with which the non-T cells had been pulsed
for 16 h, representing the maximum attributable to carryover

Normal Subjects SLE Patients

Number of stimulator cells x10s5

Figure 1. T cell proliferation induced by varying numbers of autolo-
gous untreated or PMA-treated non-T cells. T cells from three nor-
mal individuals and three SLE patients were cultured in AMLRs
with 0.1 X l05, 0.5 X lO5, or 1.0 X l05 irradiated autologous non-T
cells, which had been previously incubated for 16 h with medium (-)
or with PMA500 ng/ml (o). Results are expressed as the mean
counts per minute X 10-3 [3Hjthymidine incorporated by the T cells
from the three subjects in each group during the last 16 h of culture.

of mitogen. In fact, the quantity of PMAand FSA remaining
bound to the non-T cells used in the AMLRcultures should
be much less after the exhaustive washing of those cells which
was performed. Fig. 2 shows the dose response of [3H]thymidine
incorporation by T lymphocytes from normal subjects and
from SLE patients cultured with a dose of PMA or FSA
equivalent to that used to activate the non-T cells, as well as
10% and 1% of that dose. Significant proliferation is only seen
in normal T lymphocytes stimulated with 0.05% FSA, possibly
due to leaching of Staph-protein A, a T cell mitogen, from the
fixed S. aureus organisms. In the AMLR cultures, only a
fraction of that quantity of mitogen should be present. Minimal
T cell proliferation is induced by either of the mitogens at any
dose in the SLE patients. Carryover of mitogen into the AMLR
cultures was unlikely, then, to have accounted for the augmen-
tation in T cell proliferation induced by in vitro-activated non-
T cells in either the normal subjects or SLE patients.

Augmentation of the AMLRin SLE patients is consistent
over time. Three patients with SLE were tested in AMLR
cultures on two separate occasions, at least 1 mo apart, to
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Figure 2. Incorporation of [3H]thymidine induced by varying doses
of PMAor FSA. T cells from normal subjects (o) or from SLE
patients (a) were incubated for 61/2 d with concentrations of PMAor

FSA equivalent to those used to activate non-T cells in the previous
experiments (500 ng/ml for PMAand 0.05% for FSA) or with 10%
or 1% of those concentrations. The T cells were then pulsed with
[3H]thymidine during the last 16 h of culture and thymidine incorpo-
ration was determined. Results are expressed as the mean±SE. The
counts per minute of T cells cultured alone is subtracted from each
result.

determine the consistency of response pattern (Table IV). The
base-line AMLRwas low in each case. Patient 7 demonstrated
augmentation of the AMLRafter activation with both PMA
and FSA, and the degree of augmentation by FSA was equiv-
alent on both occasions. Patient 5 showed no augmentation
of the AMLRin response to FSA on either occasion although
augmentation of the AMLRwith PMA-pulsed non-T cells was
noted. It is interesting that after tapering the prednisone dose
from 30 mg daily to 10 mg daily, the PMA-induced AMLR
was more dramatically enhanced, perhaps suggesting an inhib-
itory role of corticosteroids on non-T cell activation or on T
cell response to activated non-T cells. Patient 2 had a greater
response to PMA-activated than to FSA-activated non-T cells
on both occasions. The pattern of response of T cells from
SLE patients to autologous in vitro-activated non-T cells is,
then, fairly consistent over time.

Percentage of Ia antigen-positive cells in activated and
control non- T cell preparations. Cell surface Ia antigen on non-

T cells is important in stimulating both autologous and anlo-
geneic T lymphocyte proliferation (18, 28). The percentage of
peripheral blood non-T cells that bear Ia antigens has not been

well studied in patients with SLE. It was possible that cells
from such patients are deficient in Ia and acquire an increase
in this surface molecule after incubation of the non-T cells
with activating substances, as has been observed in a murine
spleen cell system (29). Wedetermined the percentage of non-
T cells that stained with an anti-Ia monoclonal antibody after
a 16-h incubation with culture medium, PMAor FSA (Table
V). Five normal subjects and four SLE patients did not
significantly vary in the percentage of their non-T cells which
stained with the anti-Ia antibody when assessed on FACS.
Neither PMAnor FSA activation resulted in an increase in
the percent of Ia positive cells. FSA activation actually resulted
in a slight decrease in the number of Ia-bearing non-T cells in
the SLE patients. These results were confirmed with a second
anti-Ia monoclonal antibody, SG171, which reacts mainly
with DRdeterminants (data not shown). There was no consis-
tent alteration in fluorescence intensity of anti-Ia staining of
the activated compared with control non-T cells in either
normal subjects or SLE patients (histograms on a representative
patient, patient 1, are shown in Fig. 3). Wehave previously
documented the absence of an increase in the intensity of
anti-Ia fluorescence after in vitro activation of isolated normal
peripheral blood B cells with PMAor FSA (21). It appeared,
then, that there was no gross alteration in the number of cells
staining with anti-Ia antibody or in the intensity of that
staining that might account for the augmentation of the
AMLRseen in the SLE patients. These experiments do not
rule out alterations in the species of Ia molecules (DR versus
DQ) or the degree of sialylation, for example, on the activated,
compared with control, non-T cells (30, 31).

Discussion

These studies have examined the cellular basis of the impaired
T-non-T cell interactions in patients with SLE. We had
previously demonstrated a defect in the capacity of the non-T
stimulator cell population to induce T lymphocyte proliferation
in these patients (8). Sakane et al. (7, 9) have also documented
abnormalities of the non-T cell stimulators of the AMLR, but
in addition, have detected a defect in T cell proliferative
capacity in SLE. More recently, several laboratories have

Table IV. Repeated Testing of Mitogen-activated AMLRin Individual SLE Patients

SLE patient

7 5 2

Experiment: 1 2 1 2 1 2

Prednisone mg/day: None None 30 mg 10 mg None None

Stimulator Responder cpm [3Hlthynidine incorporated'

Medium T 428 568 430 298 234 1,467
Non-T T 894 687 1,315 442 394 877
Non-TpmA T NDt 24,964 6,074 50,626 6,527 8,719
Non-TFu T 15,828 17,695 1,570 764 3,239 1,398
PMA T ND 1,021 3,263 7,960 939 ND
FSA T ND 1,071 862 348 1,012 ND

* Peripheral blood mononuclear cells were obtained from three SLE patients on two occasions at least I mo apart. AMLRcultures were estab-
lished using untreated, PMA-activated, or FSA-activated non-T cells as stimulators. t Not done.
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Table V. Percentage of Activated and Control
Non-T Cells Reactive with an Anti-Ia Antibody

Treatment of cells*

Subjects (n) Non-T.&. Non-Tp,, Non-TmsA

Normals (5) 60±3.6 63±4.7 58±4.3
SLE patients (4) 60±10.2 63±8.5 47±9.9

Results are expressed as mean percentage±standard error.
* SRBCrosette-negative mononuclear cells were incubated for 16 h
with medium, PMA, or FSA (see Methods). The cells were then
washed and incubated with mouse anti-human Ia monoclonal anti-
body (VG2) and then with F(ab)2 fragments of fluorescein-goat anti-
mouse Ig antibody. The percentage of positive cells per 5,000 cells
counted and the intensity of fluorescence (see Fig. 3) were evaluated
on a cytofluorograph.

documented impaired IL- I and IL-2 production in SLE patients
(15, 32, 33).

Our experiments examined the capacity of non-T cells
fractionated on Percoll gradients to stimulate an AMLR. High-
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Figure 3. FACS profiles of surface membrane Ia antigen expression
on untreated or PMA- or FSA-activated non-T cells from an SLE
patient (patient 1). Non-T cells were incubated for 16 h with me-
dium, PMA500 ng/ml, or FSA 0.05%. The cells were then washed
and incubated with PBS-bovine serum albumin (--- ) or with
monoclonal anti-human Ia, VG2, ( ) followed by fluorescein-
labeled goat anti-mouse Ig. 5,000 cells in each sample were analyzed
by FACS. The abscissa represents relative fluorescence intensity, and
the ordinate represents relative cell number. (a) Non-T cells incu-
bated for 16 h with medium. (b) Non-T cells incubated for 16 h with
PMA. (c) Non-T cells incubated for 16 h with FSA.

density normal non-T cells are enriched in surface Ig-positive
cells, usually of both IgM and IgD isotypes, and probably
represent circulating mature "resting" B lymphocytes (20, 34,
35). The low density fraction of non-T cells is enriched in
dendritic cells, activated B cells, and some macrophages (19,
21, 35). Low density non-T cells contain a lower percentage
of surface Ig-positive cells when compared with the high
density non-T cells (20, 34) and contain a subpopulation of
cells which is IgM positive, IgD negative (34). This fraction
also contains the lymphocytes that differentiate into antibody
secreting cells after pokeweed mitogen stimulation (34). The
high-density non-T cell subpopulation from normal subjects
is poor in AMLRstimulatory activity, whereas the low-density
non-T cell subpopulation is highly enriched in such activity
(19-22). When non-T cells from patients with SLE were

fractionated into high and low density subpopulations, neither
fraction provided significant AMLRstimulatory activity. The
proportion of low-density to total non-T cells was relatively
increased in the SLE patients, and there was a trend toward
increased surface Ig-positive cells and macrophages and an

apparent decrease in null cells in the SLE low density fractions
when compared with the low-density non-T cells from normal
subjects. The finding of increased low-density non-T cells is
consistent with data from other laboratories that demonstrate
activated B cells among peripheral blood non-T cells in SLE.
Spontaneous mitogenesis, spontaneous Ig secretion, and de-
creased numbers of surface IgD bearing cells have all been
reported in studies of the peripheral blood of SLE patients
(36-40). Macrophages have been shown to be responsible for
the stimulation of proliferation by a defined T cell subpopu-
lation (41, 42), but when large numbers of macrophages are
added to AMLRcultures, inhibition of the response has been
observed (42). Null cells (mouse erythrocyte rosette-negative
non-T cells) have been shown to be enriched in AMLR
stimulatory activity (12), as have human peripheral blood
dendritic cells (19, 26). Dendritic cells are large lymphoid cells
with irregular morphology that do not bear T cell or monocyte
markers or surface Ig. The poor AMLRstimulation induced
by the low-density non-T cells from the patients could be due,
then, to inhibition by a slight excess of macrophages or the
lack of an important cell population which does not bear
surface markers characteristic of T or B cells or macrophages.

We and others have provided data that demonstrate an
augmented capacity for allogeneic or AMLRstimulation in
mitogen-activated non-T cells or isolated B cells from normal
subjects (21, 24-27). It is the high density "resting" B lympho-
cytes that are most responsible for the augmented AMLRseen
after B cell activation (21). We used PMAand FSA, two
agents capable of inducing an activated state in B lymphocytes,
to study the capacity of SLE non-T cells to generate an
enhanced AMLR. Marked augmentation of the uniformly
poor base-line AMLRwas noted after PMAor FSA activation
of the SLE non-T cells, although the mean counts per minute
for the SLE patients was still less than the mean counts per
minute of the mitogen-augmented AMLRgenerated by non-
T cells from normal subjects. It appeared unlikely that carryover
of cell-bound mitogen into the AMLRcultures could account
for the augmented T cell proliferation observed, particularly
in the SLE patients who demonstrated minimal proliferative
response to PMAor FSA alone. Macrophages were present in
the non-T cell preparations of both normal subjects and SLE
patients, and it is possible that some of the PMA-induced
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effect on the magnitude of the AMLRwas attributable to the
capacity of PMAto activate macrophages (43). FSA, however,
is not known to have an effect on macrophages and is a more
specific B lymphocyte activator. The magnitude of the response
of T cells to mitogen-activated non-T cells was fairly consistent
in three patients who were tested on a second occasion.

These results must be reconciled with information from
many laboratories that demonstrates activated B lymphocytes
in the peripheral blood of SLE patients (36-40). If in vitro-
activated normal B cells and the low density fraction of normal
non-T cells, possibly enriched in in vivo-activated B cells, have
vigorous AMLRstimulatory activity, why are SLE peripheral
blood non-T cells not excellent AMLRstimulators? Further
analysis of B cell subpopulations in normal subjects and SLE
patients will be necessary in order to explain this paradox, but
several possible defects in SLE B cells can be postulated. The
B cells may be "activated," but at a point in the B cell
differentiation sequence beyond which effective B cell-T cell
interactions occur. Many of the B cells contained in the non-
T cell preparations obtained from SLE patients may be at or
near the point of terminal differentiation as demonstrated by
their capacity to secrete Ig after only brief in vitro incubation
(37, 38). As B lymphocytes approach the plasma cell stage,
they lose various B cell surface molecules that could be
important in facilitating B-T interactions (44). Secondly, SLE
peripheral blood B cells may contain an abnormally expanded
B cell subpopulation normally present in small numbers, and
incapable of stimulating an AMLR. Studies in a murine model
of autoimmune disease have demonstrated an expansion of
the usually minor B cell subpopulation bearing Ly-l, intense
surface IgM, and dull surface IgD (45). The capacity of that B
cell subpopulation to stimulate a syngeneic MLRhas not been
studied. Finally, SLE patients may be deficient in a subpopu-
lation of non-T cells important in AMLRstimulation. "Null"
or dendritic cells may represent such a cell type. Whatever the
defect in the SLE non-T cells, the fact that those cells can be
induced to stimulate vigorous T cell proliferation suggests that
SLE patients have a subpopulation of normal B lymphocytes
that can be acted upon by mitogens to begin differentiation to
the point at which efficient T-non-T cell interactions occur.

Much of the defect in IL- 1 or IL-2 production that has
been reported in patients with SLE (15, 32, 33) has presumably
been overcome in our system, as activity of these lymphokines
is a prerequisite for T cell proliferation in the AMLR(28).
Evidence has also been presented in murine models of SLE
that demonstrates increased production of IL-2 by T cells
when PMAis added to a concanavalin A-induced proliferation
system (46, 47). It was felt in these studies that stimulation of
increased IL-l production by the PMAwas unlikely to be
responsible for the augmented IL-2 production observed. Pre-
liminary experiments in our laboratory also suggest that the
more vigorous AMLRseen after mitogen activation of non-T
cells from patients with SLE is not attributable to increased
IL-1 production. The defects in IL-2 production and response
that have been documented by others may not, then, be
accounted for entirely by primary abnormalities in the SLE T
cell, but rather reflect, in part, the absence of a signal from
non-T cells which helps to induce synthesis of lymphokines
and possibly their receptors.

The mechanism by which in vitro-activated non-T cells
stimulate augmented T cell proliferation has not been clarified.
Ia molecules are essential for the induction of autologous T

cell proliferation (18, 28). Wewondered whether a deficiency
in cell surface Ia on SLE non-T cells, which was corrected
after in vitro activation, might account for our results. However,
no difference was noted between normal and SLE non-T cells
in terms of the percentage of cells staining with a monoclonal
anti-Ia antibody or in the intensity of staining as assessed by
histogram pattern on a cytofluorograph. After in vitro activation
with mitogens, there was no consistent increase in these
parameters in either normal subjects or in SLE patients. It is
possible that further analysis of B cell subpopulations that uses
antibodies reactive with various species of class II determinants
might reveal specific abnormalities in the SLE cells, which
could account for the impaired AMLRand its augmentation
after in vitro non-T cell activation. Although the presence of
Ia molecules on non-T cells may be necessary for the stimu-
lation of the AMLR, they may not be sufficient for the
generation of this in vitro response. Monoclonal antibodies
reacting with B cell differentiation molecules have been pro-
duced in a number of laboratories (44, 48, 49). Evaluation of
normal and SLE non-T cells in the resting and activated state
using such antibodies may help to define a B cell surface
molecule, present on normal B cells but not on untreated SLE
B cells, which is necessary for stimulation of autologous T cell
proliferation.

Many investigators have presented data that suggest that
SLE is characterized by primary defects in the B lymphocyte
limb of the immune system (50, 51). These defects are manifest
as polyclonal B cell activation and secretion of autoantibodies
of unusual and well-defined specificities. Studies of the T
lymphocyte limb of the immune system have also demonstrated
deficiencies, and we and others have postulated that impaired
or failed regulation of B cells by abnormally functioning T
cells may contribute to the overactivity of the B cells of SLE
patients (8, 12, 51). Our data suggest that at least some of the
T cell abnormalities may not be intrinsic to those cells, but
rather the result of the absence of a non-T cell signal required
for autologous T cell proliferation. When SLE T lymphocytes
are presented with a potent stimulator cell, they are capable
of vigorous proliferative response. Further studies will be
necessary to determine whether helper, suppressor, and cyto-
toxic activities are generated in the SLE T cells activated in
this system.
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