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A B S T RA C T The immunological responsiveness of
a panel of 17 patients with systemic lupus erythema-
tosus (SLE) was studied in an in vitro model of xeno-
geneic sensitization against mouse lymphoid cells.
Generation of cytotoxic thymus-derived (T) cells evalu-
ated by a chromium release assay against labeled target
cells was found to be drastically impaired in these lupus
patients. Such depression was independent of drug
therapy at the time of the study, clinical status, and
other immunological parameters such as antibodies
against native DNA, complement levels, cryoglobu-
linemia, circulating immune complexes, or T- and bone
marrow-derived (B)-cell numbers. In contrast to the
cytotoxic response, the proliferative responses to
phytohemagglutinin, to allogeneic lymphocytes, and
to xenogeneic lymphocytes were not significantly dif-
ferent from those of normal individuals. The latter
response was shown to be H-2 restricted with the
primed lymphocyte test. These results suggest the
presence of a selective defect in the generation or in
the expression of killer cells rather than a deficiency in
antigen recognition by T cells. The role of serum fac-
tor(s) was examined by educating the lymphocytes of
normal subjects in the presence of serum from SLE
patients. Such manipulation affected both the genera-
tion of killer cells and the proliferative response.
Finally our observations indicate that depression of
cell-mediated immunity in SLE patients may be as-
sociated with several mechanisms including a cellular
one, specifically affecting the generation of killer T
cells, and a humoral one possibly as a result of anti-
lymphocytic antibodies and(or) immune complexes.
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INTRODUCTION

The immunological etiology of systemic lupus ery-
thematosus (SLE)l is now well-accepted (1-3), yet the
precise nature of the immunological imbalance that
leads to the disease onset is still hypothetical (4). Vari-
ous types of autoantibodies binding to cellular com-
ponents can be detected (5). It is likely that such
antibodies play a significant role in the onset of some of
the organ manifestations of the disease, such as nephri-
tis or arthritis (6, 7). However, it is still not clear whether
they represent the primary event in the pathogenesis
of the disease, or rather a consequence of a more primi-
tive defect that triggers off aberrant clones of autoanti-
body-producing cells (8, 9). The latter hypothesis has
prompted numerous investigators to evaluate the thy-
mus-derived (T)-cell-mediated responsiveness of SLE
patients.

We have recently shown that human peripheral
blood lymphocytes (PBL) can be educated against
mouse cells to differentiate into H-2-specific cytotoxic
T cells (10). This model offers the possibility to evaluate
a well-defined T-cell function, namely the generation
of killer cells, under conditions where the HLA haplo-
type of the responder should supposedly not interfere
with the magnitude of the response. Wehave applied
this model to the study of cellular immunological reac-
tivity of 17 SLE patients, compared to 20 control sub-
jects. Wehave observed a severe depression of xeno-
geneic cell-mediated lympholysis (CML) in all SLE
patients contrasting with their ability to be normally
stimulated by phytohemagglutinin, alloantigens or

1Abbreviations used in this paper: CML, cell-mediated
lympholysis; HBSS, Hanks' balanced salt solution; MLC,
mixed-lymphocyte culture; PBL, peripheral blood lympho-
cytes; SLE, systemic lupus erythematosus; SRBC, sheep
erythrocytes; [3H]TdR, tritiated thymidine.
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xenoantigens, and to respond specifically to the latter in
a secondary mixed-lymphocyte culture (MLC) test.

METHODS

Patients and control subjects (Table I)
17 patients with SLE, defined by the American Rheumatism

Association criteria (11) were compared with 20 control sub-
jects: 13 normal individuals from the local bloodbank and 7
hospitalized patients (5 with chronic renal failure without
hemodialysis and without treatment, and 2 untreated urologi-
cal patients). All SLE patients were female: 4 presented a
major exacerbation at the time of the test, 10 had a mild or
moderate activity, and 3 could be considered as inactive. The
degree of disease activity graded from one to four integrates
both the number of organs involved and the severity of the
lesions, and was independently evaluated by two physicians.
All patients had shown major humoral abnormalities char-
acteristic of SLE (anti-native DNAantibodies, low C3) in the
past. Treatment at the time of the test consisted of prednisone
ancl cyclophosphamide (three cases) or prednisone alone (five
cases). Two patients received indomethacin and another one
hydroxychloroquine sulfate. Six patients were not receiving
medications at the time of the study. Among these six patients
four (Patients 3, 7, 8, 11) had never received any treatment,
whereas the other two had been off therapy for more than 6 mo
when the investigation was performed.

Mononuclear cell isolation
Peripheral blood was drawn aseptically into a 50-ml syringe

(Terumo, Tokyo, Japan) containing preservative-free heparin
(Liquemine, Roche, Paris, France), 10 IU/ml of blood. The
blood was diluted at 1:3 with Hanks' balanced salt solution
(HBSS) (Institut Pasteur, Paris, France). 30-ml aliquots were
layered on 10 ml of a Ficoll-Angiocontrix mixture (1,077 spe-
cific density): 24 parts of 9% wt/vol Ficoll (Pharmacia, Upp-
sala, Sweden) and 10 parts of a 30% solution of iothalamate
sodium (Angiocontrix, Guerbet, Paris, France) in 50-ml plastic
conical tubes (2070, Falcon Labware, Div. Becton, Dickinson
& Co., Oxnard, California). The tubes were centrifuged at
room temperature at 400 g for 20 min and the opalescent lym-
phocyte-enriched ring was pipetted off. Mononuclear cells
were spun down at 600 g for 10 min, and the cell pellet washed
three times in HBSS at 400 g for 5 min. The mononuclear
cells were finally resuspended in culture medium and counted
in Turk's solution. Cell viability assessed in the presence of a
0.2% solution of trypan blue (Grand Island Biological Co.,
Grand Island, N. Y.) was always over 95%. Percentage of mono-
nuclear cells was not significantly different in SLE patients
and in controls.

Preparation of sensitizing mouse spleen cells
DBA/2 and C57BL/6 mice (male and female) were pur-

chased from the breeding center of the Centre National de la
Recherche Scientifique (Orleans la Source, France) and kept
in our own facilities until use. No viral contamination or ab-
normal animal death was encountered over the study. Animals
were fed with composite feeding (R.03 Usine d'Alimentation
Rationnelle, Epinay, France) and water ad libitum. Spleens
were aseptically removed and teased with fine forceps in Petri
dishes (3002, Falcon Labware) containing HBSS. Clumps
were allowed to sediment at room temperature and cell sus-
pensions were passed through needles of different gauges
(Terumo 1, 0.9 x 38 mm; 14, 0.65 x 32 mm; 25,0.5 x 25 mm).

The cells were then spun down at 400 g for 5 min and the
majority of erythrocytes was removed by hypotonic shock (10 s
in sterile distilled water). Cells were subsequently washed
three times in HBSS, resuspended in HBSS, and incubated with
mitomycin C (Ametycine, Choay, Paris, France) for 45 min at
37°C (50 gg/ml per 1 x 107 cells). After three consecutive
washes in HBSS, an aliquot of the cell suspension was counted
in Turk's solution. Viability assessed by trypan blue exclusion
was always over 80%.

Tumor cell lines
P 815 mastocytoma line (H-2d) was maintained in vivo in

ascitic form. DBA/2 mice were injected intraperitoneally with
1 x 105 cells in normal saline solution and used 10 d later. EL4
lymphoma line (H-2b) was similarly maintained in C57BL/6
mice. Cells were pipetted from the mice peritoneum, and
resuspended in saline, containing heparin (10 IU/ml). Tumor
cells were washed twice in saline and used, after chromium
labeling, as target cells in cytolysis assays.

In vitro sensitization of human PBL against
mouse spleen cells
Culture medium was RPMI 1640 supplemented with 2 mM

1. glutamine, (Grand Island Biological Co.) penicillin (50
IU/ml) streptomycin (50 gg/ml), 10 mM, Hepes buffer (N-2-
hydroxyethylpiperazine-N'-2-ethane sulfonic acid from Grand
Island Biological Co.), and 10% heat-inactivated (56°C for 45
min) pooled human AB serum. Human responder cells (2
X 107 cells) were mixed with 2 x 107 mouse-stimulating
spleen cells in a final vol of 20 ml in tissue culture flasks
(3013, Falcon Labware). The flasks were left upstanding for
7 d at 37°C in a humidified atmosphere of 5%CO2 in air. Cells
were harvested by vigorous pipetting, washed once in HBSS,
and resuspende.d in fresh culture medium. Cell count at the
end of the culture was always over 60% of the initial value.
Viability assessed by trypan blue exclusion was over 75%.

Xenogeneic MLC test
HumanPBL were diluted in culture medium (see above) at

the concentration of 1 x 106 cells/ml; mitomycin C-treated
mouse spleen cells were adjusted in the same medium to a
final concentration of 1 x 107 cells/ml; 0.1-ml aliquots from
each cell suspension were mixed in the wells of flat-bottomed
tissue culture microplates (3040, Falcon Labware). The cell
mixtures were cultured at 37°C in a 5%CO2humid atmosphere
and pulsed at day 3 with 1 ,bCi of titrated thymidine ([3H]TdR)
(1 Ci/mM sp act) (Commissariat a l'Energie Atomique, Saclay,
France). The well contents were harvested 16 h later with a
Mash II apparatus (Microbiological Associates, Walkersville,
Md.). The dried pieces of filter paper were put into
scintillation liquid (Instagel, Packard Instrument Co., Zurich,
Switzerland) and counted in a scintillation spectrometer
(Searle Diagnostics Inc., Subsid. of G. D. Searle & Co., Des
Plaines, Ill.). Cultures were all done in triplicate.

Restimulation test with primed lymphocytes
Human PBL (2 x 107 mononuclear cells) were cultured

with 2 x 10' mitomycin c-treated mouse spleen cells, as de-
scribed above for sensitization. 25% of the medium was re-
placed at days 5 and 7. At day 9, surviving cells were har-
vested from the flasks, washed once and resuspended in fresh
culture medium. The viable cells were counted, dispensed
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into microplate wells and restimulated for 2 d with mitomycin
C-treated mouse spleen cells, according to the procedure de-
scribed for the MLCtest. Cultures were pulsed with 1 ,uCi
of [3H]TdR and harvested 6 h later.

CMLassay
Ascites fluid-containing tumor cells was drawn from the

peritoneal cavity and immediately diluted into saline plus
heparin (10 IU/ml). The tumor cell suspension was washed
twice, and counted in Turk's solution. 5 million cells were
labeled for 1 h at 37°C with 100 IuCi of 51Cr (sodium chromate,
Commissariat a l'Energie Atomique, sp act, 143 mCi/mg) in a
final vol of 0.25 ml. Target cells were subsequently washed
three times in HBSS and resuspended in culture medium;
1 x 104 chromium-labeled target cells were dispensed into
each well of round-bottom microculture plates (Cooke
Engineering, Alexandria, Va.) and various amounts of educated
or noneducated PBL (from 100 effectors to 1 target down to
12.5/1) were added. Noneducated PBLwere cultured alone for
7 d in the absence of mouse cells. The plates were incubated
at 37°C in a 5%CO2humid atmosphere for 16 h. At the end of
incubation, they were centrifuged at 600 g for 5 min at 4°C, and
100 ,ul of supemate was removed from each well and counted
in a Packard Autogamma scintillation spectrometer. Maximum
chromium release was measured after addition of detergent
(RBS, Microbiological Associates). Spontaneous release, i.e.,
release from target cells incubated alone never exceeded 35%
of the maximum chromium release. Percentage of specific
release was calculated as follows: sensitized lymphocytes
(counts per minute) - noneducated lymphocytes (counts per
minute)/maximum chromium release (counts per minute)
- spontaneous release (counts per minute) x 100. A regres-
sion curve was derived from the experimental values obtained
at various effector target cell ratios and the results are given as
the percentage of specific release corresponding to an effector
target cell ratio of 50:1.

Routine tests for evaluation of immunological
parameters in SLE patients

Transformation with phytohemagglutinin. Control and pa-
tient PBL (1 x 105 cells in 0.2 ml vol) were cultured in micro-
culture plates for 3 d with various dilutions of phytohemag-
glutinin-M (Difco Laboratories, Detroit, Mich.). Culture
medium consisted of complete RPMI 1640 supplemented with
10% heat-inactivated pooled human AB serum. Cells were
pulsed at day 2 with 1JuCi of [3H]TdR and harvested 16 h later,
as described above.

Allogeneic MLC test. Human responding cells (1 x 105)
were cocultured with 2 x 105 mitomycin C-treated allogeneic
cells. Responding cells were obtained from SLE patients or
normal controls and stimulating cells from non-related human
donors from the local blood bank. Stimulating cells were
treated with mitomycin C, as described above for mouse spleen
cells. Cell mixtures (total vol, 0.2 ml) were distributed into
wells of microplates and left for 6 d at 370C. Culture medium
consisted of complete RPMI 1640 supplemented with 10%
heat-inactivated pooled human AB serum. Cultures were
pulsed at day 5 with 1 jlCi of [3H]TdR and harvested 16 h later.

Erythrocyte (E) rosette formation (12). E rosettes were
formed by mixing 3 x 107 fresh sheep erythrocytes (SRBC)
(Institut Pasteur, Paris, France) with 1 x 106 human PBL in
HBSSsupplemented with 20% human AB serum, previously
absorbed volume to volume with packed SRBC. Cell mixtures
were incubated for 30 min at 37°C, centrifuged for 5 min at
200 g, and stored overnight at 40C before being gently

resuspended on a roller (Apelab, Paris, France) and counted in
a hematocytometer. Leukocytes surrounded by three or more
SRBCwere counted as rosettes.

Erythrocyte-antibody-complement rosette formation (13).
SRBCwere washed three times in HBSS, resuspended to 2%
in HBSSand incubated volume to volume with diluted rabbit
anti-SRBC serum (Institut Pasteur) at 37°C for 30 min. The
antiserum dilution was determined according to its subagglu-
tinating titer. The antibody coated SRBCwere washed three
times in veronal buffer at 800 g and mixed volume to volume
with fresh mouse serum of CFI strain diluted 1:20 in HBSS.
After 30-min incubation at 37°C and three washes in veronal
buffer, the sensitized SRBC(3 x 107) were mixed with 1 x 106
human PBL in HBSS. Tubes were incubated for 30 min at
37°C and rosette counting was done in a hematocytometer,
after gentle resuspension on a roller.

Anti-DNA antibody determination. Antibodies to DNA
were detected by a Farr test (14) using 14C-labeled DNAfrom
Escherichia coli. (Amersham Corp., Arlington Heights, Ill.).
Bindings above 20% were considered as abnormal.

Determination of C3 and C4 serum levels. Complement
fractions C3 and C4 were measured using radial immunodif-
fusion plates (C3 immunoplates purchased from Hyland Lab-
oratories, Los Angeles, Calif., and C4 immunoplates purchased
from Behring Institute, Paris, France).

Cryoglobulin determination. The blood was drawn at 370C
and kept at this temperature until the serum was separated.
The cryoglobulins were defined by the presence of a precipi-
tate after 8-d storage at +40C.

Determination of circulating immune complexes (15). Cir-
culating immune complexes were determined by the tech-
nique of precipitation by polyethylene-glycol (PEG 6,000,
Fluka, Buchs, Switzerland). 4 ml of a 7%polyethylene-glycol
solution in borate buffer (0.1 M, pH 8.4) were mixed with 4 ml
of serum diluted 1:25 in the same buffer. After 18 h incubation
at 40C, the tubes were centrifuged at 20,000 g for 20 min. The
supernates were discarded and the precipitates dissolved in
5 ml of NaOH0.1 N. The quantity of precipitated proteins was
read by optical density at 280 nm with a spectrophotometer
(Beckman Instruments, Inc., Paris, France). When abnormal
precipitate was observed the amount of globulin and C4 pres-
ent in the precipitate was evaluated as described (15).

RESULTS

CMLtest. PBL from 16 out of the 17 SLE patients
of our panel were tested for their ability to differentiate
into cytotoxic T cells after xenogeneic sensitization in
vitro. Results are shown in Fig. 1. Educated lympho-
cytes from the SLE patients showed an almost complete
absence of cytotoxic reactivity. Such lack of responsive-
ness occurred with all SLE patients' lymphocytes, ir-
respective of their clinical, therapeutical, and im-
munological status (for details see Table I). We also
tested PBL from 13 normal individuals belonging to the
local blood bank and PBL from 7 non-SLE patients (5
with chronic renal failure without being hemodialyzed,
and 2 with urological disorders but normal renal func-
tion). Amongthe 13 normal donors, 10 gave a significant
cytotoxic response (Fig. 1). On three occasions, these
PBL, educated against DBA/2 spleen cells (H-2d), were
also assayed against EL4 targets (H-2b). No cytolysis
was observed against the latter target (data not shown)
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75 -ME^At4SE normal viability of the recovered effector cells. In fact,
we have already observed and reported that about 20%
of normal donors are low responders in the xenogeneic

50 assay (10). As for the seven non-SLE patients they all
* 50- MEANtSE gave a consistent cytotoxic response not significantly

26 5±2 2 different (P > 0.05 by Student's t test) from that of the
0* * normal individuals (Fig. 1).

a 25- * MLC test. The lack of efficient generation of cyto-
MEAN±SE * toxic T cells in SLE patient lymphocytes prompted us
18±017 to determine whether this defect was associated with
4. an absence of response in xenogeneic MLC. Lympho-

Lymphoctes-S BBdonor-C cytes from 6 out of the 16 SLE patients and from 6Lymphocytes WCE BB donors Control
from: patients patients normal controls were tested for thymidine uptake after

FIGURE 1 Cytotoxic response of xenoeducated human PBL. 72 h of human-mouse mixed culture. As can be seen in
The percentage of specific release for each individual donor Table II, the blastogenic response of SLE and normal
is given for an effector:target cell ratio of 50:1. Effector cells PBL were not significantly different, suggesting that
are PBL cocultured for 7 d with mitomycin C-treated DBA/2 the CMLdefect in SLE patients was not related to an
(H-2d) mouse spleen cells. Target cells are P 815 (H-2d) masto- absence of lymphocyte proliferation after antigenic ex-
cytoma cells. BB, local blood bank.

posure. The antigen specificity of the blastogenic re-
sponse was also checked for both SLE and normal PBL

confirming the H-2 restriction already described in cell- according to the method described by Lindhal and
mediated xenogeneic reactions (16-18). Educated PBL Bach (18). Namely anti-DBA/2-educated PBL were left
from three normal subjects showed only slight cytotox- for 9 d in culture, and then restimulated with H-2-com-
icity against the relevant (H-2d) target cells in spite of a patible or -incompatible irradiated spleen cells. As

TABLE I
Clinical and Immunological Findings in 16 Patients with SLE

Drug therapy

Disease Cyclo- EAC PHA Allo-
Pa- activ- SLE criteria Pred- phos- DNA E. ro- ro- reac- geneic

tients Age Sex ity* positivet nisone phamide %B5 C3" C41 IC** Cryo.I t settes§§ settes§§ tivity MLC

yr mg/d % % %

1 48 F 4 1,3,7,8,10,12,14 40 75 82 10 5 + + 74 10 N" N"
2 21 F 3 1,3,5,8,14 0 0 56 100 54 - + 74 17 Nal Nal
3 11 F 1 1,3,5,7 0 0 60 70 17 + + 67 13 Nal ND
4 35 F 3 3,7,12,14 5 20 20 30 - - - 71 7
5 30 F 3 1,8,10,11 30 0 41 70 35 - - 61 4 Nal Nal

6 30 F 1 1,2,3,5,12,14 0 0 75 55 20 + + 43 4 ND ND
7 30 F 1 1,2,3,5,8,12 0 0 76 100 24 - - 73 3 N" N"
8 36 F 1 1,5,12,14 0 0 12 150 87 - - 77 1 Na N"

9 2 F 3 7810114Hydroxychloro- 75 100 30 - - 86 3 N"l N"l9 27 F 3 7,8,10,11,14 quine sulfate 400
10 35 F 3 1,4,7,8,10,11,12,14 5 20 73 115 20 - - 72 4 ND ND
11 54 F 2 8,10,11,14 0 0 14 115 42 - - 72 2 Nal ND
12 29 F 2 1,2,4,5,8,12 Indomethacin 75 11 150 48 - - 45 25 ND ND
13 20 F 4 1,8,10,11,12,17 15 0 17 90 45 - - 72 13 ND ND
14 56 F 2 3,7,10,11 Indomethacin 200 12 160 37 + - 75 3 ND ND
15 20 F 4 1,8,10,11,12,17 15 0 17 95 50 - - 70 10 ND ND
16 30 F 3 4,7,8,10,11,12,14 20 0 27 120 70 - - 84 4 ND ND
17 21 F 3 3,5,7,8,10,12 60 0 80 30 15 + - 65 5 Nal Na

ND, not done; PHA, phytohemagglutinin.
* Disease activity is over-all clinical evaluation of activity coded; 1, remission or no activity; 2, mild; 3, moderate; 4, severe activity.

Criteria positive are preliminary American Rheumatism Association criteria positive by number as listed in reference 11.
5 DNA%Bis percent serum binding of native DNA.
nC3 is third fraction of complement (normal range 80-120 mg/100 ml of serum).
I C4 is fourth fraction of complement (normal range 30-70 mg/100 ml of serum).
"Presence (+) or absence (-) or immune complexes (IC) by polyethylene-glycol precipitation.
)$ Presence (+) or absence (-) of cryoglobulins (Cryo).
5 E and erythrocyte-antibody-complement rosettes marking, respectively, for T and B lymphocytes.
I N", normal response, meaning that no significant difference was encountered in counts per minute incorporation between SLE and control lymphocytes tested
on the same day.
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TABLE II
Xenogeneic Mixed-Lymphocyte Culture Harvested at Day 4

Mouse-
Exper- stimulating
iment Responder cells* cells* [3H]TdR uptaket

cpmtSE

1 Blood bank donor none 755+12
DBA/2 15,257±2,120

SLE No. 11 none 698±383
DBA/2 9,842±799

2
Blood bank donor none 499+19

DBA/2 2,548±282
Urological patient none 766±80

DBA/2 1,436+ 142
SLE No. 13 none 285±102

DBA/2 2,979±405

3 Blood bank donor none 321±17
DBA/2 2,619±161

SLE No. 10 none 467±59
DBA/2 1,361+77

SLE No. 16 none 636±219
DBA/2 2,091±858

* 1 x 105 human PBL cocultured with 1 x 106 mouse spleen
cells treated with mitomycin C.
I Thymidine incorporation measured at day 4.

shown in Table HII, H-2d primed PBL responded
strongly in 48 h to a restimulation with H-2d cells, and
only weakly to a restimulation with H-2b lymphocytes.
Both types of responder PBL from'SLE or from normal
donors showed the same restrictiQ,n of specificity and
the same intensity in their response.

Effect of SLE serum upon xenosensitization. It has
been suggested that the T-cell abnormalities encoun-
tered in SLE patients might be consecutive to the effect
of factors present in their serum, such as antigen-
antibody complexes or autoantibodies directed against
T lymphocytes (19-24). We first tested the effect of
SLE serum on the proliferative response of PBL to
lectins or allo- and xenoantigens. Lymphocytes from
normal or SLE donors were cultured in medium
supplemented with graded amounts of SLE serum. The
final concentration of serum was maintained constant at
20% by complementation with normal AB serum. As
shown in Table IV, 5%and 10% SLE serum caused a
dramatic inhibition of proliferation of both normal and
SLE lymphocytes. 1% serum was apparently insuf-
ficient to significantly modify the reaction. It should be
noted that similar inhibition was also observed when
SLE serum was tested on autologous SLE lymphocytes
indicating that the effect could not be attributed to
natural alloantibodies. The next step consisted in

evaluating the effect of SLE serum on the generation of
cytotoxic T cells from PBL of normal donors. The
presence of 10% SLE serum during education resulted
in a total abrogation of the cytotoxic response (Table V).
On the other hand, preincubating the PBL with SLE
serum before education in normal medium did not alter
the response (Table V, experiment 3).

A total of five different SLE sera were tested in mixed
lymphocyte cultures. All of them induced a severe
inhibition of the reaction. Three of them tested in
macroculture-generating xenogeneic cytotoxic cells
also prevented the appearance of effector cells.
Because the sera were obtained from patients either on
or off therapy, and because some did contain, whereas
others did not contain, abnormal levels of immune
complexes and cryoglobulins, it is apparent that these
factors are not directly involved in the inhibitory
properties of SLE sera.

DISCUSSION

This study demonstrates the occurrence of a striking
impairment among SLE patients of their capacity to
generate cytotoxic cells in vitro. Indeed, all patients
examined disclosed an almost total unresponsiveness
against xenogeneic target cells compared to the 80%
good responders found among normal donors and non-
SLE patients. This immunological abnormality seems,
however, relatively restricted to this particular function
because we found other immunological parameters
such as T-cell number or T-cell stimulation by lectins
to be within the normal range, an observation which is
in agreement with several other reports. Some authors
have reported minor T-cell abnormalities in SLE pa-
tients yet these were essentially described during ex-
acerbation phases (25-27) and in this study only three
patients were in such an active stage.

As a matter of fact, the literature dealing with the
cell-mediated reactivity of SLE patients is controversial.
Skin tests, for instance, have been found to be either
normal (28, 29) or lower than control values (30-34).
The blastogenic response to phytohemagglutinin or to
alloantigens has been found normal in some instances
(28, 29, 31, 35, 36) and depressed in others (37-39).
Values for percentage of peripheral T cells have been
found highly variable from patient to patient (40-43).

It has been shown previously that the cytotoxic cells
that are generated in a xenogeneic mixed lymphocyte
reaction are of T origin, and recognize specifically H-2
Kor H-2 Dgene products (10, 16-18). Furthermore, we
have recently observed (a) that the cytotoxic reaction
was not inhibited by the presence in the medium of
heat-aggregated immunoglobulins, nor by immune
complexes and (b) that supernates from xenogeneic
mixed leukocyte cultures were unable to induce cyto-
toxicity either per se or after the addition of naive PBL
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TABLE III
Response after 2-D Restimulation of Primed HumanLymphocytes

Exper- Primary Secondary
iment Responder cells stimulation* stimulationt [3H]TdR uptake§

cpm+SE

1 Blood bank donor none none 414± 19
Blood bank donor DBA/2(H-2d) none 2,559±8
Blood bank donor DBA/2(H-2d) C57BL/6 (H-2b) 3,459+286
Blood bank donor DBA/2(H-2d) DBA/2 (H-2d) 12,210+3,144
SLE No. 12 none none 580±96
SLE No. 12 DBA/2(H-2d) none 3,082+661
SLE No. 12 DBA/2(H-2d) C57BL/6 (H-2b) 2,308+317
SLE No. 12 DBA/2(H-2d) DBA12 (H-2d) 18,191±779

2 Blood bank donor none none 251±16
Blood bank donor DBAI2(H-2d) none 2,651±66
Blood bank donor DBA/2(H-2d) C57BL/6 (H-2b) 2,880+338
Blood bank donor DBA/2(H-2d) DBA/2 (H-2d) 8,457+2,706
Urological patient none none 670±46
Urological patient DBA/2(H-2d) none 2,890±1,046
Urological patient DBA/2(H-2d) C57BL/6 (H-2b) 1,816+158
Urological patient DBA/2(H-2d) DBA/2 (H-2d) 5,729+212
SLE No. 14 none none 390±47
SLE No. 14 DBA/2(H-2d) none 5,916+776
SLE No. 14 DBAI2(H-2d) C57BL/6 (H-2b) 2,756+499
SLE No. 14 DBA/2(H-2d) DBA/2 (H-2d) 11,710±595

* 2 x 107 human PBL cocultured with 2 x 107 mitomycin C-treated mouse spleen
cells for 9 d.
I 1 x 105 viable human PBL recovered at day 9, cocultured with 1 x 106 fresh
spleen cells treated with mitomycin C.
§ Thymidine incorporation measured at day 2 of restimulation.

(data not shown). These arguments strongly argue
against a cytotoxicity mechanism mediated by anti-
bodies plus K cells. Thus the defect described in
SLE patients bears either directly upon the cytotoxic T
cells or their precursors, or indirectly upon cellular ele-
ments needed to support the differentiation of quies-
cent lymphocytes into killer cells. The presence of a
normal MLCsuggests that the defect does not involve a
lack of helper activity. Several other mechanisms may
be responsible for the T-cell functional alteration. A
first possibility to be considered assumes a specific T-
cell deficit. A dissociation between MLCand CML
response has already been observed in the mouse after
adult thymectomy or in aging mice (44, 45), two condi-
tions in which the compartment of short lived (T1,Ly
123+) cells is selectively depleted. It is possible that
such Ti lymphocytes are also lacking in lupus patients,
a finding which would be in keeping with the selective
loss of Ly 123+ cells in NZB mice (46), presenting a
spontaneous lupus syndrome. Such an hypothesis would
have the advantage of taking into account altogether an
absence of killer cells after xeno-education, in spite of
the occurrence of a normal MLCresponse. It would re-

main to be determined to what extent the selective loss
of this T-cell subset would be linked to the pathogenesis
of the disease and more precisely to the postulated
defect in suppressor function described in NZB mice
(47) and SLE patients (48).

An alternative hypothesis implies that the lack of
functional cytotoxic T cells detected in SLE patients
is a direct consequence of the presence of autoanti-
bodies directed against lymphocytic antigens. Such
autoantibodies have been detected by several groups in
the serum of SLE patients (24, 51-55) as well as in the
serum of NZB mice (49, 50). In a large survey of our
patients (not including those of the present panel) it was
found that 28 out of 39 had anti-lymphocytic autoanti-
bodies.2 The fine specificity of these antibodies is how-
ever still unclear. Someshow relative restriction against
T cells (24), whereas others are directed against both T
and B lymphocytes (51); some seem to be restricted to
"self" HLA (52, 53), others not (54, 55). In the light of
the present results these autoantibodies would be

2 F. Tron. Personal communication.
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TABLE IV
Effect of SLE Serum upon the Proliferative Response of PBL

Allogeneic MLCI Xenogeneic MLC5

Responder SLE serum PHA response* Control Stimulated Control Stimulated

% c1+pm-SE cpm -SE cpmr±SE cpnr ±SE

Blood bank donor 15,466+976 573+22 4,025+860 284±134 1,297+ 110
SLE No. 10¶ 10 248±59 2,716+380 281±+14

5 1,071±85 2,550+354 291+24
1 18,780+376 3,488±216 1,038±41

SLE No. 14¶ 10 1,183±92 2,125±584 242±31
5 516±221 3,558±74 361±25
1 14,924±571 6,169±168 1,017±23

SLE No. 10 -1 24,433+677 545±140 3,850±13 279+51 1,321+12
SLE No. 10¶ 10 1,520+ 114 903±24 139±3

5 3,003+23 2,268±187 994±44
1 20,534+670 2,344±125 3,060+48

SLE No.14 _ 16,134+331 490+70 3,730±19 499±87 1,294+10
SLE No. 14¶ 10 152±29 2,027±52 342±9

5 1,075+13 2,481±100 232±6
1 25,129+74 4,734±64 1,014+52

* PBL cultured with phytohemagglutinin (PHA)-M at a 1:100 dilution. Thymidine incorporation was measured at day 3.
1 X 105 PBL cocultured with 2 x 105 mitomycin-treated allogeneic lymphocytes. Thymidine incorporation was

measured at day 6.
§ 1 x 105 PBL cocultured with 1 x 106 DBA/2 mouse spleen cells treated with mitomycin C. Thymidine incorporation
was measured at day 4.
II Culture in medium supplemented with 20% AB serum.
¶ The culture medium was supplemented with 10% SLE serum + 10% AB serum, 5% SLE serum + 15% AB serum,
and 1% SLE serum + 19% AB serum, respectively.

expected to be specifically directed against a T-cell
subset involved in the generation or in the promotion of
cytotoxic T cells. Antibodies capable of discriminating
between subclasses of human T lymphocytes have
been demonstrated in patients with juvenile rheumatoid
arthritis (56). They may well be present in the serum of
SLE patients too and this possibility is under
investigation. The demonstration of blocking factors in
the serum of SLE patients appears to provide support
for the second type of interpretation. However the
inhibition exerted by SLE serum in vitro affects both
MLCand CMLwhereas the impairment observed withl
SLE lymphocytes cultured in normal AB serum is
limited to the expression of cytotoxic T cells.

One might hypothesize that the same serum inhibi-
tors whose activity is demonstrated in vitro, already
impair in vivo the potential reactivity of PBL from SLE
patients. However, this hypothesis is not favored by the
finding that SLE serum can further inhibit the prolifera-
tive response of autologous SLE lymphocytes wheni
added in vitro to the ctulture mediumiii althlough these
lymphocytes were already in contact with the same
serum in vivo, and the observation that the preincuba-
tion of normal donor PBL with SLE serum for 2 h at

37°C does not lead to the inactivation of these lympho-
cytes when they are later educated in normal AB serum.
Thus the in vitro inhibition of lymphocyte responses by
SLE serum factors, is probably not a simple mimicry of
what occurs in vivo on the PBL of SLE patients. This
conclusion does not preclude however the possibility
that the in vivo immune deficit might have a humoral
origin.

Some of the SLE sera tested for in vitro inhibition of
MLCand CMLcontained high amounts of immune
complexes. Others did not, but this may just have re-
flected a relative lack of sensitivity of the detecting
assay. Some T-cell subsets and, in particular, activated
T lymphocytes (57) express Fc receptors and might
therefore fix complexes. It remains to be determined
however to what extent the occupation of Fc receptors
by immune complexes may modify the functions of
educated T cells. One should note, in that regard, that
the shedding of Fc receptors at 37°C has no repercus-
sioIn upon the cytolytic capacity of educated T
lymphocytes (58).

In conclusion, two salient features emerge from this
study on the immune responsiveness of SLE patients.
One is the incapacity of such patients' T lymphocytes

Xenogetneic Cell-Mledliated Lyjmpholysis in Lupus Patients 357



TABLE V
Effect of SLE Serum During or before Education upon the Differentiation

of Normal Donor PBL into Cytolytic T Cells

Percent specific chromium
releaset

effector:target cell ratio Xenogeneic MLC§
Exper-
iment Serum* source 100:1 50:1 25:1 12:1 Control Stimulated

% cpm±SE

1 AB 38 36 23 13 355±72 16,869+309
SLE 3" 0 2 1 0 431+134 4,734±117

2 AB 44 31 24 19 499±99 8,670±736
SLE 16" 5 0 0 0 573±229 1,171+430

3 AB 46 35 24 15
SLE 17" 10 9 6 3 ND
SLE 17

preincubation¶ 50 43 34 11

* Cultures were performed in medium supplemented with 20%heat-inactivated AB
serum.
I PBL educated against DBA/2 spleen cells and tested for cytotoxicity at day 7
against 5'Cr-labeled P 815 target cells.
§ 1 x 105 PBL cocultured with 1 x 106 DBA/2 mouse spleen cells treated with
mitomycin C. Thymidine incorporation was measured at day 4.
"In those cultures the medium contained a mixture of 10% SLE serum and 10%AB
serum.
¶ PBL were first incubated at 37°C for 2 h in 10%SLE serum, then washed twice and
finally resuspended in medium enriched with 20%AB serum.

to express significant cytotoxicity against xenogeneic
target cells, in spite of a normal proliferative response
in MLC. The other is the inhibitory effect of their serum
on T-cell proliferation and generation of cytolytic cells.
It is at present difficult to decide whether these two
observations are independent manifestations of the
same disease or whether they are related in a way that
remains to be determined? No simple experiment can
provide a definitive answer to such a basic question posed
for all studies of cellular parameters in human lupus.
This important reservation does not detract interest
from the whole problem of evaluating T cell-mediated
immunity in human or murine lupus but urges for cau-
tion in interpreting the results in terms of the patho-
genesis of the disease.
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