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Immune Function in Systemic Lupus Erythematosus

IMPAIRMENTOF IN VITRO T-CELL PROLIFERATION

ANDIN VIVO ANTIBODYRESPONSETO EXOGENOUSANTIGEN

A. B. GOTTLIEB, R. G. LAHITA, N. CHIORAZZI, and H. G. KUNKEL, The Rockefeller
University, New York 10021

A B S T RA C T Peripheral blood mononuclear cells
from 46 systemic lupus erythematosus (SLE) patients
showed reduced ability to proliferate in vitro in response
to the soluble antigen, tetanus toxoid, as compared with
96 normal controls. Special studies of 27 untreated SLE
patients also revealed significantly decreased blasto-
genic responses to tetanus toxoid. In both the total and
untreated SLE populations, decreased mean tetanus
antibody titers also were found as compared with the
control population. However, the reduction in antibody
titer and blastogenic response was not strictly parallel.
A limited immunization program was initiated in low-
responding volunteers from the SLE and normal popu-
lations. Three out of four SLE patients did not develop
a significant blastogenic response despite increases in
anti-tetanus titers after immunization, whereas all nor-
mals showed significant increases in both blastogenic
and antibody responses. The accumulated evidence in-
dicated that the unresponsiveness was the result of a
defect in T-cell function. Monocyte reactivity was
demonstrated to be normal, and no evidence was found
for the presence of suppressor cells, inhibition by im-
mune complexes, or increased prostaglandins to explain
the defect.

INTRODUCTION

Considerable current interest has been focused on the
possibility T-cell alterations in patients with systemic
lupus erythematosus (SLE)1 playing a significant
role in the immunological alterations characteristic
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'Abbreviations used in this paper: EN, neuraminidase-
treated sheep erythrocytes; Fr II, fraction II; M0, monocytes;
PBMC, peripheral blood mononuclear cells; PHA, phyto-
hemagglutinin; SLE, systemic lupus erythematosus; TT,
tetanus toxoid.

of this disease. Although many groups have studied
this question and some evidence for this possibility
has been obtained (1-5), the literature to date is
confusing. For example, two reports on the blas-
togenic response of T cells to antigen stimulation have
drawn completely opposite conclusions (6, 7), and it
was recently reported that impaired cellular immune
function was the result solely of steroid therapy (7).
Contributing factors to the conflicting reports include
differences in patient selection, effects of drug therapy
on cellular immune function, and technical variability
of in vitro assays. Recent interest in these questions
has intensified in view of recent reports suggesting a
decrease of suppressor cells in SLE patients (8, 9).

Previous studies from our laboratory had indicated
T-cell defects in studying the response of T lymphocytes
in mixed leukocytic culture reactions (10) and in the
release of migration inhibiting factor to measles antigen
(11) in SLE patients. The present studies were under-
taken to define more completely the T-cell response to
antigen in these patients, employing the tetanus toxoid
system that has long been studied in this laboratory for
other purposes. In addition, it was planned to examine
antibody responses at the same time and attempt to re-
late these to T-cell function.

METHODS

Cell isolations. Peripheral blood mononuclear cells (PBMC)
were isolated on Ficoll-Hypaque (Ficoll, Pharmacia Fine
Chemicals, Piscataway, N. J., Hypaque, Winthrop Labora-
tories, NewYork) density gradients followed by four washes
in phosphate-buffered saline. T cells were isolated from PBMC
on Ficoll-Hypaque gradients according to their capacity to
form rosettes with neuraminidase-treated sheep erythrocytes
(EN) and were quantified by EN-rosetting as described (12).
Isolated T cells were always >90% pure and non-T-cell frac-
tions were typically 20-30% B cells, 60-70% monocytes, and
1-10% T cells. Monocytes were isolated from PBMCby ad-
herence onto plastic microtiter plates in RPMI 1640 (Micro-
biological Associates, Walkersville, Md.)-10% fetal calf serum.
0.05 ml PBMC/6-mmmicrotiter well were adhered for 90 min
at 37°C in a 5% CO2- atmosphere, followed by two washes
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with phosphate-buffered saline (13). The adherent layers were
typically >90% peroxidase positive.

Cell cultures. Cells were cultured in flat-bottomed micro-
titer plates (Linbro Chemical Company, Hamden, Conn.) at
1-2 x 105 cells per culture in RPMI 1640 supplemented with
20% normal human AB serum plus glutamine (2 mM) and
penicillin-streptomycin (100 U/ml). Tetanus toxoid (TT)
(State Laboratory Institute, Jamaica Plain, Mass.) was added at
a final concentration of 40 ,ug/ml and phytohemagglutinin
(PHA; Burroughs Wellcome Co., Research Triangle Park,
N. C.) was added at a final concentration of 1%. All cultures
were done in triplicate. 2 ,uCi of [3H]thymidine (Schwarz/
Mann Div., Becton, Dickinson & Co., Orangeburg, N. Y.) were
added per 0.25 ml of culture after 5 d for TT and after 2 d for
PHA. The cultures were harvested 16 h later and counted in a
liquid scintillation counter. Mixed leukocyte cultures were
performed as in Wemet and Kunkel (10).

Miscellaneous. Hemagglutination of TT-coated human
erythrocytes by plasma or serum was performed as described
in Ling et al. (14).

Fraction II (Fr II) was isolated by DEAEchromatography.
Purified Fr II was spun at 40,000 rpm for 60 min, and the top
2 ml of supemate was removed. This fraction was monomeric
Fr II. The remainder was aggregated by heating at 62°C for
20 min followed by spinning at 8,000 rpm for 30 min to remove
large aggregates.

A stock solution of indomethacin (Sigma Chemical Co., St.
Louis, Mo.) at 10 mg/ml was prepared in 95%ethanol. Further
dilutions were made in phosphate-buffered saline. Statistical
analyses were performed with the aid of Dr. Allan Gottlieb
(York College, Albany, N. Y.) with Student's t distribution test.

Patients. All SLE patients fulfilled at least four of the
American Rheumatism Association diagnostic criteria for SLE
and had a positive antinuclear antibody test. They were seen
at the outpatient clinic of The Rockefeller University Hospital
during the period of study. This population consisted of 42
women and 4 men. Only those patients receiving no
steroids, alkylating agents, or antimetabolites were con-
sidered as untreated. Patients were classified as active
at the time of study if they demonstrated active nephritis
(hematuria, pyuria, erythrocyte casts, increasing proteinuria
or decreasing glomerular filtration rate, fluid retention,
edema, hypertension, or azotemia), pulmonary (pleural
effusion or pulmonary infiltrates), cardiovascular (pericarditis,
myocarditis, thrombophlebitis), or central nervous system
(psychosis, seizures) abnormalities not attributable to concur-
rent disease. Depressed serum hemolytic complement values,
elevated anti-native DNA titers, elevated erythrocyte sedi-
mentation rates, lymphopenia or thrombocytopenia were the
primary parameters of disease activity utilized to distinguish
recent activity from residua of previous activity.

Controls were recruited among Rockefeller University per-
sonnel. This group was approximately age matched with the
SLE population and consisted of 59 women and 37 men.

For the immunization studies, volunteers were chosen
among patients during relatively quiescent periods of their
disease. Patients selected for immunization had no significant
blastogenic response to TT and very low or negative TT anti-
body titers. It was hoped that this might be improved for the
patients' benefit. All patients signed informed consent forms
before immunization. Normal and SLE volunteers were im-
munized once with 0.5 ml TT fluid (NDC 0002-2221-0; Eli
Lilly & Co., Indianapolis, Ind.) subcutaneously.

RESULTS

Blastogenic and antibody response of normal and
SLE patients to TT. PBMCfrom normal and SLE pa-

tients were cultured with TT for 5 d; [3H]thymidine was
added, and the cultures were harvested 16 h later. Maxi-
mal [3H]thymidine incorporation by normal PBMCwas
achieved at 40 i.g/ml TT. Increasing TT concentrations
above 40 ,ug/ml usually resulted in a decline of [3H]
thymidine incorporation. PBMCfrom SLE patients
failed to respond to TT at concentrations ranging from
0.4 to 400 ,tg/ml. Individuals with blastogenic responses
of 10,000 cpm or less were considered low responders.
No low-responding normal or SLE patient converted
to responder status by either lowering or raising the TT
concentration from 40 u0gml. [3H]Thymidine incorpora-
tion in the absence of antigen was similar for normal
and SLE populations. Fig. 1 shows the blastogenic re-
sponse of each patient in the normal, untreated, and
treated SLE groups. 68 out of 96 (70%) normal indi-
viduals demonstrated a response of > 10,000 cpm to TT,
whereas only 7 out of 27 (26%) untreated SLE patients
did similarly. Only 1 out of 8 (13%) untreated active
patients as compared with 6 out of 19 (32%) inactive
patients exhibited blastogenic responses >10,000 cpm
to TT. 10 out of 19 treated SLE patients had active
disease at the time of assay. For both inactive and active
patients in this group, only 10%were responders to TT.
Blastogenic response in the normal population ranged
from 238 to 162,281 cpm. In untreated SLE patients,
the range was 621 to 145,094 cpm for inactive and 901 to
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FIGURE 1 Blastogenic response to TT of normal and SLE
PBMC: role of therapy and disease activity. Normal and SLE
PBMCwere cultured 5 d with TT. [3H]Thymidine was added,
and the experiment was harvested 16 h later. Each point repre-
sents the blastogenic response of an individual patient: *,
normal or inactive SLE; A, active SLE.
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34,982 cpm for active patients. The blastogenic response
of treated SLE patients ranged from 309 to 21,371 cpm.
Table I summarizes these results. Data are presented
as the natural log of counts per minute±SD and natural
log of antibody titer±SD in Tables I and II, respectively.
96 normals had a mean blastogenic response to TT of
9.77±1.59 as compared with 7.97±1.55 for the 46 SLE
patients studied (P < 0.001). When the 27 untreated
SLE patients were considered as one group, their mean
response was significantly lower than that of the normals
(8.56±1.54, P < 0.001). Both inactive and active SLE
patients showed depressed mean blastogenic responses
to TT; 8.71±1.67 (P < 0.02) and 8.18±1.20 (P < 0.01),
respectively. Because the normal and SLE groups
studied were not exactly comparable with regard to sex
distribution, the blastogenic response of female SLE
patients was compared with that of normal females, and
the results are shown in Table I. 59 normal females
had a mean blastogenic response of 9.89±1.42 which
was not significantly different from that of normal males
(P > 0.4). Both the total population of female SLE pa-
tients and untreated SLE females showed depressed
mean blastogenic responses to TT; 7.80+1.48 (P < 0.001)
and 8.37±1.47 (P < 0.001), respectively. SLE patients
receiving steroids, alkylating agents, or antimetabolites
showed a lower mean blastogenic response to TT than
did untreated SLE patients (P < 0.01). The response
to PHA in all groups of SLE patients, regardless of

TABLE I
Decreased Blastogenic Response of SLE As Compared

with Normal PBMCto TT: Role of Therapy
and Disease Activity

[3 H]thymidine incorporation*
Sample

Group size TT PHA

Normal 96 9.77+1.59 11.69+0.71
SLE

All patients 46 7.97+1.55 11.45+0.76
(P < 0.001)§ (P > 0.05)§

No therapy 27 8.56±1.54 11.57±0.73
(P < 0.001) (P > 0.4)

Inactive 19 8.71±1.67 11.40±0.80
(P < 0.02) (P > 0.1)

Active 8 8.18±1.20 11.96+0.32
(P < 0.01) (P > 0.2)

Normal females 59 9.89±1.42
SLE females

All patients 42 7.80±1.48
(P < 0.001)

No therapy 23 8.37±1.47
(P < 0.001)

* Mean (ln counts per minute)±SD in the presence of TT or
PHA.
§ Student's t distribution test was used to calculate statistical
significance.

TABLE II
Decreased Tetanus Antibody Titers in SLE

As Compared with Normal Individuals

Group Sample size Antibody titer* Significance

P

Normal 86 8.30+2.33
SLE

All patients 43 4.58±3.37 <0.001
No therapy 25 5.09±3.47 <0.001

Normal females 54 7.67±2.36
SLE females 38 4.07±3.10 <0.001

* Mean (ln titer)± SDvs. TT-coated human erythrocytes where
the titer is the reciprocal of the highest dilution of plasma
or serum to give agglutination.

treatment or disease activity, was not significantly dif-
ferent from that of normals. For example, the mean re-
sponse to PHA among normal individuals was 11.69
+-0.71; the mean of all SLE responses to PHA was
11.45±0.76 (P > 0.05).

TT antibody titers were measured by indirect hemag-
glutination with TT-coated human erythrocytes, and
the results are shown in Table II. 86 normals had a
mean antibody level of 8.30±2.33 as compared with 25
untreated SLE patients who had a mean level of 5.09
±3.47 (P < 0.001). The total SLE population had a mean
antibody level of 4.58±3.37 (P < 0.001). SLE females
had significantly lower mean antibody levels than nor-
mal females. (Compare 4.07±3.10 with 7.67±2.36;
respectively, P < 0.001.)

Attempts to correlate antibody titer and blastogenic
response to TT were undertaken to determine the re-
lationship between cellular immunity as measured by
[3H]thymidine incorporation and antibody response to
antigen. The results for the SLE group are shown in
Fig. 2. The correlation between blastogenic response
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FIGURE 2 Poor relationship between blastogenic response
and anti-TT titer in SLE patients: 0, untreated; A, treated.
Blastogenic response of PBMCwas measured by [3H]thymi-
dine incorporation (see Fig. 1). Anti-TT titers were determined
as in Table II.
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and antibody titer was poor in both the SLE and normal
groups but was stronger in the SLE population than in
the normals (r = 0.42 for SLE; r = 0.15 for normal).
Perhaps most striking in the SLE group was the com-
plete absence of antibody in 16 of the 44 patients. This
was found in only 2 of 88 controls. The zero antibody
SLE group included both untreated and treated pa-
tients. Only one of these showed a blastogenic re-
sponse above 10,000 cpm. Low blastogenic responses
were also observed in many of the patients with very
significant antibody levels.

Failure of immunization to restore SLE blastogenic
response to TT in most cases. Previous studies of the
effect of immunization on tetanus antibody titers have
shown the response usually fell 10 yr after immuniza-
tion (15). Careful histories of the control and SLE indi-
viduals indicated that dissimilar immunization histories
did not appear to account for differences observed. In
addition, a limited immunization program was initiated
in low-responder volunteers from each group. Individ-
uals were immunized once with 0.5 ml of TT fluid
subcutaneously and then bled once a week for 1 mo
after immunization. Fig. 3 shows the increase in cell-
mediated immunity of PBMCas measured by [3H]-
thymidine incorporation, and the increase in anti-TT
antibody titers as measured by indirect hemagglutina-
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FIGURE 3 Deficient blastogenic response to immunization
with TT in a low-responding SLE patient as compared with
a low responding control; normal increase in anti-TT
titers after immunization. Blastogenic response ( ) was
measured as in Fig. 1. Anti-TT titers (--- -) were measured
as in Table II. A, normal; *, SLE.

tion of a low-responding normal and SLE patient as a
function of time after immunization. Over the 3-wk
time period studied, the normal low responder increased
cellular immunity to TT from 6,962 to 66,099 cpm,
whereas the SLE patient showed very little increase.
The increase in anti-TT antibody titers was comparable
to that of the normal. Later studies of this SLE patient
showed continuous low blastogenic response to TT,
indicating that this response was not simply delayed.
Table III compares the highest blastogenic and anti-
body responses attained during the month after im-
munization with preimmunization values for different
groups of SLE and normal individuals.

Seven normal individuals, with either low or high
initial responses to TT, all showed marked increases
in both blastogenic and antibody responses to TT after
immunization. In contrast, three out of four SLE patients
failed to show blastogenic responses to TT above 11,000
cpm despite normal increases in anti-TT titers after
immunization. Only patient 3 was on therapy (10 mg
prednisone every day), and all the patients were inactive
clinically.

Requirement of monocytes (MO) by T cells proliferat-
ing in response to TT: normal MOfunction in SLE
blastogenic response to TT. In vitro studies of cellular
immunity in guinea pigs and mice demonstrated a re-
quirement for MOby T cells proliferating in response
to a variety of protein antigens (16, 17). The need for
MOin the blastogenic response to TT was investigated
by adding T cells and adherent cells together at the
initiation of culture with TT. [3H]Thymidine was added
5 d later, and the cultures were harvested 16 h later.
In a representative experiment, PBMCgave a blasto-
genic response to TT of 68,253 cpm and adherent
cells alone, 903 cpm. In the absence of adherent cells,
T cells gave a blastogenic response of only 3,045 cpm.
Adding back adherent cells increased [3H]thymidine
incorporation to 149,460 cpm. In other experiments, it
was shown that depleting MOfrom PBMCby carbonyl
iron ingestion before adherence onto microtiter wells
obliterated adherent cell ability to help T-cell prolifera-
tion in response to TT.

It was possible that the inability of SLE patients to re-
spond to TT was the result of MOdysfunction. Immune
complexes bound to MOFc receptors might have para-
lyzed MO function. In addition, MO-reactive anti-
bodies have been reported in SLE patients (18). Pre-
liminary experiments with normal individuals indicated
the requirement for T cells and MOto be syngeneic to
generate blastogenic responses to TT. To determine
whether T cells or MOwere defective in SLE response
to TT, histocompatible SLE and normal individuals
were studied. The results are shown in Table IV. P.J.
(HLA 1,8/1,8), an SLE patient, is histocompatible with
her normal sister, Ei.J. (HLA 1,8/1,8). P.J.'s PBMC
showed poor response to TT (161 cpm), whereas Ei.J.'s
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TABLE III
Failure of Immunization with TT to Restore the Majority of SLE Blastogenic

Responses to TT Despite a Rise in Anti-tetantus Antibody Titers

Preimmune response Peak postimmune response

[3 HIThymidine Anti-TT [3H ]Thymidine Anti-TT
Patient incorporation* titer incorporation* titert

cpm cpm

Normal
Low responder

1 (9) 6,962 1,600 66,099 51,200
2 (9) 12,128 1,600 27,432 25,600

Responder
3 (9) 36,304 8,000 141,787 1,024,000
4 (6) 56,005 64,000 129,666 2,048,000
5 (9) 49,081 64,000 129,742 256,000
6 (d) 40,602 64,000 194,675 2,048,000

First immunization
7(9) 2,728 <10 31,811 32

SLE
Low responder

1(9) 2,580 <10 10,782 3,200
2 (9) 199 <10 5,263 5,120
3 (9) 2,479 256 10,529 32,000
4 (9) 5,843 80 40,634 20,480

* PBMCwere cultured 5 d with TT; [3H]thymidine was added, and the cultures
were harvested 16 h later.
I Reciprocal of the highest dilution of plasma or serum to give agglutination with
TT-coated human erythrocytes.

PBMCproliferated well (22,964 cpm). Both sisters'
T cells failed to respond to TT without MOhelp
(Table IV, lines 3 and 4). P.J.'s MO were equal
to Ei.J's MO in cooperating with Ei.J.'s T cells
to make a good proliferative response to TT (Table
IV, lines 9 and 10). P.J.'s T cells failed to respond

TABLE IV
SLE Patients Have Normal MOAbility to Help T Cells

Proliferate in Response to TT

['H ]Thymidine
Cell populations incorporation

PBMC T MO TT No TT

cpm

Ei. J. 22,964 208
P. J. (SLE) 161 377

Ei.J. 248 112
P.J. 206 112

Ei.J. 99 186
P.J. 105 124

P.J. P.J. 270 293
P.J. Ei.J. 207 168
Ei.J. Ei.J. 15,700 1,048
Ei.J. P.J. 21,302 1,519

even when a normal syngeneic MOsource was added
(Table IV, lines 7 and 8).

Miscellaneous studies. T cells suppress immune
function in mice with poor response to certain synthetic
antigens (19). To investigate the possibility that low re-
sponse to TT was because of the presence of suppressor
cells, normal, responding PBMCwere mixed with histo-
compatible cells from an SLE patient. The results are
shown on Table V. Addition of syngeneic SLE PBMC,
T cells, or non-T cells, at three different concentrations,
failed to alter the blastogenic response of normal
PBMCto TT.

Aggregated or monomeric Fr II was added to PBMC
of a normal responder to TT to mimic the effect of im-
mune complexes on T-cell function. Over a concentra-
tion range of from 1 to 200 ,ug/ml, the response of normal
PBMCin the presence of aggregated or monomeric
Fr II was identical.

Recently, it was reported that glass wool-adherent
lymphocytes secreted prostaglandins that suppressed
the blastogenic response to PHAin normal individuals
and in patients with Hodgkin's disease (20). Indometha-
cin, an irreversible inhibitor of prostaglandin synthe-
tase, was added to cultures of TT and PBMCfrom four
SLE patients. Concentrations up to 10 ,ug/ml failed to
significantly enhance SLE blastogenic response to TT.
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TABLE V
SLE PBMCDo Not Inhibit Normal Proliferative

Responses to TT

[3H ]Thymidine
Cell populations incorporation*

SLE P.J. Normal Ei.J. TT No TT

1.5 x 105 PBMC 22,964 208
1.5 x 105 PBMC 161 377
2 x 105 PBMC 1.5 x 105 PBMC 29,427 803
1 X 105 PBMC 1.5 x 105 PBMC 39,483 980
0.5 x 105 PBMC 1.5 x 105 PBMC 33,437 922
2 x 105 non-Tt 1.5 x 105 PBMC 20,320 810
1 x 105 non-T 1.5 x 105 PBMC 23,815 706
0.5 x 105 non-T 1.5 x 105 PBMC 22,015 575
2 x 105 Tt 1.5 x 105 PBMC 28,872 713
1 x 105 T 1.5 x 105 PBMC 27,796 277
0.5 x 105 T 1.5 x 105 PBMC 29,063 221

* Cells were cultured 5 d with TT; [3H]thymidine was added,
and the cells were harvested 16 h later.
t PBMCwere subjected to E,-rosetting and the non-T (inter-
phase) and T (pellet)-cell fractions obtained. T cells were 95%
EN-rosette positive.

At 100 tg/ml, the nonspecific toxic effects of indometha-
cin were observed, as evidenced by a fall in [3H]thymi-
dine incorporation seen in some of the patients tested.

DISCUSSION

Evidence for reduced cellular immunity to TT in SLE
as compared with normal individuals has been pre-
sented. Defective blastogenesis was seen in the total
and untreated SLE populations. Comparison of SLE
females with normal females also revealed decreased
blastogenesis. These studies extend previous work from
this laboratory on decreased SLE cellular immune re-
sponsiveness in mixed leukocyte cultures (10) and in
leukocyte migration inhibition assays (11). The current
observations are in agreement with the results of
Rosenthal and Franklin (6) and Horwitz (3) with differ-
ent antigens. They differ from the recent report of
Utsinger (7) who attributed decreased blastogenic re-
sponse to antigen in SLE entirely to steroid therapy.
A possible explanation for his different results is the
use of fetal calf serum in the culture system. Our ex-
perience has indicated a considerable advantage in
using human AB serum. It is known that corticosteroid
administration causes diminished proliferative re-
sponses to TT and decreases the number of circulating
MOand T cells (21). Further evidence for such effects
was obtained in the present study. It was therefore
essential to study primarily a group of untreated SLE
patients. Defects in the blastogenic responses of these
individuals were observed.

Clear evidence was gained in this study for reduced
levels of antibody to TT in the SLE group. This was
especially striking in certain patients; 36% had no de-
tectable antibody, as compared with only 2% in the
control group. Too few observations were made in the
present study to determine the direct antibody response
to TT, a project difficult to carry out in untreated pa-
tients; the few patients studied showed an antibody re-
sponse to TT. It could be that the SLE cases lose their
antibody titer more readily than normals and that this is
the explanation of the low levels encountered. Previous
studies of SLE antibody response to immunization have
been conflicting. SLE patients showed normal re-
sponses to immunization with influenza (22-24), TT (1),
Brucella and Rickettsia (25), and had normal levels of
antibodies to AB blood group antigens and Proteus
OX-2 (26). In other studies, decreased SLE antibody
responses were found upon immunization with influ-
enza (27) and Brucella (28). SLE patients showed de-
creased levels of antibodies to streptolysin 0 (26) and of
natural antibodies to Escherichia coli and Shigella
antigens (28). On the other hand, elevated SLE antibody
responses were found against penicillin (29), blood
group antigens (30), and a variety of viral antigens (31-
35). It will be of interest to continue these antibody
studies especially with more quantitative techniques
and defining the class of immunoglobulin primarily
involved.

Despite the reduction in antibody titer and blasto-
genic response in the SLE group, the two parameters
were not strictly parallel in individual cases and the
calculated correlation was not high. This was brought
out further in the limited immunization studies in SLE
patients. Each of four cases developed a significant rise
in antibody titer, whereas only one showed a blastogenic
response. Each of seven immunized controls showed
a rise in both assays.

The low level of correlation of proliferative and anti-
body response to TT in normal individuals highlights
the problem of how T-cell proliferative response to
antigen relates to helper T-cell function. The literature
to date is conflicting as to whether these functions are
mediated by the same cell. TT has been shown to induce
in vitro production of antigen-specific and nonspecific
helper factors for antibody synthesis (36-38). Release
of nonspecific helper factors, mitogenic for human bone
marrow-derived (B) cells, was shown to correlate with
the degree of lymphocyte proliferation in response to
TT. Irradiation of lymphocytes prevented release of
these factors (37). However, other studies have indicated
that the helper T cell and the antigen-reactive, pro-
liferating T cell might not be the same cell (39-41).

Because it is known that in addition to T cells, the
blastogenic response to antigen requires macrophages,
it was important to show that a defect in these cells
was not responsible for the reduced proliferation ob-
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served with the SLE cells. The system used in the pres-
ent study was found to be completely MOdependent
with a requirement for syngeneic MO. Through the
study of an HLA-identical sibling of an SLE patient
with a very low response, it was evident that the SLE
MOshowed normal activity in facilitating proliferation
of the sibling's T cells.

The relationship of depressed immunity to TT and
SLE disease activity remains uncertain. Untreated
active or inactive patients, considered as separate
groups, showed depressed blastogenic responses to TT.
It was not possible to compare the untreated active with
the inactive group because of sample size. Neither [3H]-
thymidine incorporation by SLE PBMCin response to
TT or anti-TT titers showed any obvious correlation
with lymphocyte count, depressed serum hemolytic
complement, or elevated erythrocyte sedimentation
rate values.

The mechanisms of decreased T-cell proliferation in
response to TT remain unknown. Antilymphocyte anti-
bodies from SLE patients have been reported to inhibit
antigen and mitogen reactivity of autologous and homol-
ogous lymphocytes (10, 42). However, serum samples
from the vast majority of SLE patients failed to inhibit
normal blastogenic responses to TT. It is possible that
some SLE patients produce high affinity antilymphocyte
antibodies that fix in vivo to antigen-responsive T cells
and eliminate them from the circulation despite inability
to detect these antibodies in vitro. Despite some reduc-
tion in lymphocyte count, the percentage of T cells was
normal for most SLE patients studied. T-cell unrespon-
siveness to antigen might be caused by a failure of
soluble factor production or an inability to recognize
antigen. Immune complexes did not appear to account
for decreased reactivity. Aggregated Fr II failed to in-
hibit a normal proliferative response to TT. Addition of
SLE sera, known to contain immune complexes by Raji
radioimmunoassay and analytical ultracentrifugation,
did not inhibit the proliferative response of normal
PBMCto TT. Just how the defect in T-cell response
to TT relates to other T-cell abnormalities, such as a
decrease in suppressor cells, is not clear. The T-cell
populations involved in these two systems are entirely
different (43). It seems possible that a general T-cell
defect is present in these patients. However, assays of
allogeneic helper factor generation, another test of
T-cell function (44), was found to be normal. Further
studies are required to determine these relationships.
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