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SUMMARY

Lymphocytotoxic activity (LCA) was examined in the sera of 29 patients with systemic
lupus erythematosus (SLE), including eight with cerebral involvement. LCA was elevated
in 80% of samples and was significantly higher in the group with cerebral disease
(P<0-001). No correlations were observed between LCA and immune complexes or
complement components. Sera from 10 patients (six with cerebral SLE) were absorbed
with homogenates ofnormal human frontal cortex and liver using protein standards to con-
trol for dilutional effects. No serum sample showed selective depletion ofLCA following
incubation with brain homogenate. It is concluded that no single parameter, including
brain absorption of LCA, is effective in monitoring disease activity in cerebral lupus.

INTRODUCTION

The majority of sera from patients with systemic lupus erythematosus (SLE) exhibit lymphocyto-
toxic activity (LCA) (Mittal et al., 1970; Terasaki, Mottironi & Barnett, 1970). This effect occurs
optimally at 15'C in the presence of rabbit serum as a source of complement and is usually
considered to be caused by a cold-reactive IgM antibody to the lymphocyte surface membrane
(Winchester et al., 1974; Winfield et al., 1975). Recently, an IgM-containing immune complex has
also been implicated (Quin et al., 1980). Although lymphocytotoxicity has been reported in SLE
patients with various organ involvement, the association between neurological manifestations and
disproportionately high titres of LCA has led to the suggestion that cross-reaction with brain
antigens plays a role in the development of CNS complications (Bluestein & Zvaifler, 1976;
Bresnihan et al., 1977). This proposal has been supported by the observation that the absorption of
SLE sera with homogenized cerebral cortex causes a selective reduction in LCA titres.

Further work by Winfield, Brunner & Koffier (1978) has cast doubt on the specificity of LCA
absorption by cerebral homogenates. This group found LCA to be comparable in SLE patients with
and without cerebral involvement. We therefore examined the specificity of the reaction using brain
and liver homogenates and the measurement of two non-immune serum proteins (caeruloplasmin
and albumin) to control for inevitable dilutional effects. LCA was also correlated with other
laboratory parameters of disease activity (immune complexes and complement components) in
patients with or without cerebral disease.

PATIENTS AND METHODS

Patients. All patients fulfilled the American Rheumatism Association's criteria for diagnosis
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(Cohen & Canuso, 1972). Sera from 29 patients were studied for LCA, immune complexes and
complement components. Twenty-one patients had no evidence of cerebral disease (mean age 38
years, range 12-65 years) and eight were diagnosed as having CNS involvement (mean age 22 years,
range 10-41 years). The manifestations of cerebral lupus included neuropsychiatric disturbances,
major seizures and transverse myelitis. None of these features were considered to be attributable to
intercurrent infection, systemic hypertension, corticosteroid therapy, uraemia or haematological
disease. The sera of 10 of these patients were selected for absorption studies-six from the cerebral
group and four from the non-cerebral group. All had LCA greater than 50%, there being no
significant difference between the two groups.

Lymphocytotoxins. The assay was based on the microdroplet technique of Terasaki &
McClelland (1964) and was performed with the modifications described by Charlesworth et al.
(1978). The effect of serial dilutions of SLE sera on LCA was studied in five patients (two from the
cerebral group and three from the non-cerebral group). In all cases serum was diluted just before
testing with RPMI 1640 with 10% complement fixation diluent (CFD, Oxoid).

Absorption studies. Disease-free human frontal cortex and liver were collected within 24 hr of
death. Meninges and surface vasculature were stripped from the frontal cortex which was then diced
and homogenized. Similarly, the capsule, major blood vessels and bile ducts were removed from the
liver before homogenization. Preparations were then washed twice in equal volumes of Hanks'
balanced salt solution (HBSS) and stored in 0-5-g aliquots at - 20OC until used. Immediately before
use they were washed in an equal volume of CFD and centrifuged at 1,600 g for 15 min at 1 5'C.
Absorption was performed by adding 0 5 ml of test serum to each homogenate and incubating for
30 min at 15C with intermittent mixing.

Following centrifugation (2,000 g) for 15 min at 1 5'C, the supernatant was removed and a small
aliquot saved for testing. The remaining serum was subjected to two further absorptions. Control
samples were treated in the same fashion except that equal volumes of CFD were used instead of
homogenate of liver or brain. This dilutional control provided a reference for measuring the relative
loss of LCA, caeruloplasmin and albumin. In one sample a further aliquot of serum was diluted
1:10 with RPMI/CFD before being subjected to the same absorptions with brain and liver and
CFD control (Fig. 1).

Serum protein concentrations. Clq, C4, C3, caeruloplasmin and albumin were measured by
radial immunodiffusion using monospecific antisera. Complement component levels were
expressed as a percentage of pooled normal human serum (NHS) and caeruloplasmin and albumin
as a percentage of that found in the unabsorbed control.

Circulating immune complexes. The assay used was the Clq binding assay (ClqBA) described by
Zubler et al. (1976).

RESULTS

None of the 10 sera showed selective loss of LCA with brain absorption (see Table 1). Only one
sample in each group exhibited significant depletion of LCA by absorption with brain homogenate
and in both cases a comparable loss occurred with liver absorption. The five remaining samples
from the cerebral group showed a rise in LCA following absorption with brain homogenate and a
similar rise occurred in two of the non-cerebral group. Brain and liver absorption caused dilution of
all 10 sera. Caeruloplasmin concentration decreased by a mean of 50% (range: brain= 71-42%;
liver = 63-49%) and albumin concentration decreased by a mean of 43% (range: brain = 71-40%;
liver= 71-44%). In all CFD-diluted control samples a greater loss of protein concentration
occurred than with brain and liver absorption. In the three samples where LCA decreased after
brain absorption, there was no correlation between the degree of dilution and the loss of LCA.

Serial dilutions of five SLE sera (two from the cerebral group and three from the non-cerebral
group) showed that LCA behaved in a complex manner. Fig. 2 shows that, at a 1:10 dilution, LCA
rose in four sera and remained unchanged in the fifth. A progressive reduction in LCA then
followed to a 1:1,000 dilution and at 1:10,000 rose or remained static. There was no distinctive
pattern between the cerebral and non-cerebral groups.
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Fig. 1. Changes in LCA with tissue absorption and serum dilution. (a) Absorption of undiluted serum, (b)
absorption of serum first diluted 1: 10 (in RPMI/CFD), (c) serial dilutions of same serum. (o---- o) CFD,
(.-.) frontal cortex, (e.. ) liver.

Table 1. Per cent lymphocytotoxic activity in SLE patients with and without cerebral involvement

Per cent LCA

Frontal cortex Liver
Test group Preabsorption (3 absorption) (3 absorption)

Cerebral SLE 67 24 27
42 66 72
92 96 30
55 68 38
60 66 58
65 77 23

Non-cerebral SLE 58 49 67
62 7 8
56 87 5
53 77 37

LCA was increased in 80% of SLE sera (see Fig. 3) and was significantly higher in the cerebral
group [mean 65 vs 41O% in the non-cerebral group, P <0001 (f-test)]. There was no correlation
between the levels of immune complexes, complement components and LCA in the two groups.

DISCUSSION

Patients with cerebral SLE exhibited a higher mean serum LCA than those without cerebral
involvement. Similar findings have been reported by others (Butler et al., 1972; Bluestein & Zvaifler,
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Fig. 2. Effect of serial dilutions on the LCA in five SLE sera.
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Fig. 3. LCA in SLE sera from patients with and without cerebral involvement. P<0001 using the t-test.

1976; Bresnihan et al., 1977). However, high levels oflymphocytotoxicity could be demonstrated in
both groups, suggesting that this reaction was not specific for cerebral lupus. Indeed, we have been
unable to confirm selective LCA depletion by brain absorption as reported by Bluestein & Zvaifler
(1976) and Bresnihan et al. (1977). These striking differences in results may be explained by
problems in methodology. We experienced great difficulty in controlling for dilutional factors as

well as non-specific absorption by tissue. This was highlighted by the complex behaviour ofLCA in
individual sera following simple serial dilution (Fig. 2) and in one case where absorption was

performed on diluted serum (Fig. 1). In this case it was shown that the enhancement of LCA by
brain absorption was due to complex dilutional behaviour rather than an intrinsic effect ofthe brain
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homogenate (the effect was reversed at the higher dilution of 1:10). We conclude that the
measurement of LCA absorption by tissue homogenates is not an accurate index of an
immunological reaction between lymphocytotoxins and cerebral or liver antigen, but more one of a
non-specific dilutional effect or entrapment of serum proteins by the variable density of the
homogenates. It is interesting that Bresnihan et al. (1977) showed that DNA-binding activity in sera
with brain-absorbable LCA was unchanged following the absorption procedure and in one case the
DNA binding was slightly enhanced. It is possible that this was also a manifestation of a complex
dilutional effect of the DNA-binding capacity of sera as we have shown with LCA.

Although we demonstrated significant differences between levels of LCA in the cerebral and
non-cerebral groups, other parameters ofdisease activity (immune complexes and complement) did
not differ significantly. This supports the data reported by Winfield et al. (1978) that established
markers of generalized disease activity in SLE were poor markers of cerebral lupus. That cerebral
damage is secondary to immune complex vasculitis in SLE is supported by our findings of the
non-specificity of LCA. Even in clinically quiescent cerebral lupus, Pinching, Travers & Hughes
(1978), using in vivo scanning techniques, were able to show abnormalities in oxygen consumption
and blood flow, indicating active cerebral vasculitis. More recently, Bresnihan et al. (1979) and
Bluestein (1979) have reported reactivity of anti-lymphocyte antibodies with multiple cerebral
antigens. These reports suggest that exposure ofcerebral tissue during vascular damage may be the
primary antigenic stimulus but such issues remain to be clarified.

We wish to acknowledge the continuing support of the Prince Henry Hospital Renal Redevelopment Fund.

REFERENCES

BLUESTEIN, H. (1979) Heterogeneous neurocytotoxic
antibodies in systemic lupus erythematosus. Clin.
exp. Immunol. 35, 210.

BLUESTEIN, H.G. & ZVAIFLER, N.J. (1976) Brain-reac-
tive lymphocytotoxic antibodies in the serum of
patients with systemic lupus erythematosus. J. clin.
Invest. 57, 509.

BRESNIHAN, B., OLIVER, M., GRIGOR, R. & HUGHES,
G.R.V. (1977) Brain reactivity of lymphocytotoxic
antibodies in systemic lupus erythematosus with
and without cerebral involvement. Clin. exp. Im-
munol. 30, 333.

BRESNIHAN, B., OLIVER, M., WILLIAMS, B.D. &
HUGHES, G.R.V. (1979) An antineuronal antibody
cross-reacting with erythrocytes and lymphocytes
in systemic lupus erythematosus. Arthritis Rheum.
22, 313.

BUTLER, W.T., SHARP, J.T., ROSSEN, R.D., LIDSKY,
M.D., MITTAL, K.K. & GARD, D.A. (1972) Rela-
tionship of the clinical course of systemic lupus
erythematosus to the presence of circulating lym-
phocytotoxic antibodies. Arthritis Rheum. 15, 231.

CHARLESWORTH, J.A., QUIN, J.W., MACDONALD,
G.J., LENNANE, R.J. & BOUGHTON, C.R. (1978)
Complement, lymphocytotoxins and immune com-
plexes in infectious mononucleosis: serial studies in
uncomplicated cases. Clin. exp. Immunol. 34, 241.

COHEN, A.S. & CANUSO, J.J. (1972) Criteria for the
classification of systemic lupus erythematosus-
status 1972. Arthritis Rheum. 15, 540.

MITTAL, K.K., ROSSEN, R.D., SHARP, J.T., LIDSKY,
M.D. & BUTLER, W.T. (1970) Lymphocyte cyto-
toxic antibodies in systemic lupus erythematosus.
Nature, 225, 1255.

PINCHING, A.J., TRAVERS, R.L. & HUGHES, G.R.

(1978) Oxygen-15 brain scanning for detection of
cerebral involvement in systemic lupus erythema-
tosus. Lancet, i, 898.

QUIN, J.W., CHARLESWORTH, J.A., BOWMAN, C. &
MACDONALD, G.J. (1980) Studies of lymphocyto-
toxins in infectious mononucleosis and systemic
lupus erythematosus: evidence for immune com-
plex-mediated cytotoxicity. Clin. exp. Immunol. 39,
593.

TERASAKI, P.I. & MCCLELLAND, J.D. (1964) Micro-
droplet assay of human serum cytotoxins. Nature,
204, 998.

TERASAKI, P.I., MOTTIRONI, V.D. & BARNETT, E.V.
(1970) Cytotoxins in disease: autocytotoxins in
lupus. N. Engl. J. Med. 283, 724.

WINFIELD, J.B., WINCHESTER, R.J., WERNET, P., Fu
SHU MAN & KUNKEL, H.G. (1975) Nature of
cold-reactive antibodies to lymphocyte surface
determinants in systemic lupus erythematosus.
Arthritis Rheum. 18, 1.

WINFIELD, J.B., BRUNNER, C.M. & KOFFLER, D.
(1978) Serologic studies in patients with systemic
lupus erythematosus and central nervous system
dysfunction. Arthritis Rheum. 21, 289.

WINCHESTER, R.J., WINFIELD, J.B., SIEGAL, F., WER-
NETT, P., BENTWICH, Z. & KUNKEL, H.G. (1974)
Analyses of lymphocytes from patients with rheu-
matoid arthritis and systemic lupus erythematosus:
occurrence of interfering cold-reactive anti-lym-
phocyte antibodies. J. clin. Invest. 54, 1082.

ZUBLER, R.H., LANGE, G., LAMBERT, P.H. &
MIESCHER, P. (1976) Detection of immune com-
plexes in unheated sera by a modified 1251-Clq
binding test. J. Immunol. 116, 232.


