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Abstract:
Objective—To investigate systemic and
intrathecal production of proinflamma-
tory cytokines in relation to cerebrospinal
fluid (CSF) nitric oxide (NO) release in
patients with neuropsychiatric lupus ery-
thematosus (NPLE).
Methods—Thirty patients with NPLE
rated as mild, moderate, or severe were
studied and CSF was obtained from 21 of
these. Cytokine mRNA expressing cells
were detected by in situ hybridisation.
Soluble cytokines were assessed by en-
zyme linked immunosorbent assay
(ELISA). Nitrite and nitrate were deter-
mined by capillary electrophoresis.
Results—Patients with NPLE had high
numbers of lymphocytes expressing
mRNA for tumour necrosis factor á
(ÔÍFá), interferon ã, and interleukin 10 in
blood. The number of peripheral blood
TNFá mRNA positive cells correlated
strongly with the level of NO metabolites
in the CSF (r2=0.69). Both the number of
peripheral blood mononuclear cells ex-
pressing mRNA for TNFá as well as the
CSF level of NO metabolites correlated
with NPLE disease severity.
Conclusion—These data suggest that in-
creased peripheral production of proin-
flammatory cytokines such as TNFá may
contribute both to an increased produc-
tion of NO in the central nervous system
and to generation of clinical NPLE. The
data also support the possibility that
measurements of NO metabolites in CSF
may be of value in the diagnosis of neuro-
logical symptoms related to SLE.
(Ann Rheum Dis 2001;60:372–379)

Neuropsychiatric manifestations of systemic
lupus are common and may aVect up to two
thirds of patients with systemic lupus ery-
thematosus (SLE).1 2 There is a diversity of
manifestations from both the central nervous
system and the peripheral nervous system, such
as fatigue, headache, cognitive dysfunction,
mood/anxiety syndromes, psychoses, seizures,
stroke, and neuropathies. Thus the diagnosis of
neuropsychiatric lupus erythematosus (NPLE)
is diYcult because it may mimic other
neurological diseases. Recently the American
College of Rheumatology (ACR) proposed a
standardised nomenclature system for neuro-
psychiatric symptoms of SLE, which may
facilitate further studies on NPLE.3

Explanations for neurological manifestations
in SLE include damage to the nervous system
mediated by autoantibodies and immune com-
plexes.4 5 There is also evidence that vascular
lesions in patients with SLE, both cerebral and
others, are associated with the occurrence of
antiphospholipid antibodies.6 Thus several
recent studies have divided patients with
NPLE into two groups, one consisting of
patients with focal vascular lesions and anti-
phospholipid antibodies, and the other of
patients with diVuse neurological symptoms
without antiphospholipid antibodies.7 8 How-
ever, there is a significant overlap between
these two groups, with an overrepresentation of
antiphospholipid antibody positivity among
patients with diVuse NPLE as well. Further-
more, there is evidence that antiphospholipid
antibodies in NPLE may have other pathoge-
netic roles besides being thrombogenic.9 10

Another possible pathophysiological mecha-
nism in NPLE is related to the direct or
indirect eVects of inflammatory mediators on
the nervous system. Proinflammatory cyto-
kines produced both outside and inside the
central nervous system are known to have dra-
matic eVects on the nervous system, perhaps
best described in infections,11 but local produc-
tion of cytokines has also been shown to be of
importance in primary aseptic neuroinflamma-
tory diseases.12 Earlier studies have reported
increased levels of interleukin 1 (IL1), inter-
leukin 6 (IL6), and interferon á (IFNã) in the
cerebrospinal fluid (CSF) of patients with
NPLE.13–15 Although free cytokines can be
measured in body fluids, the results may be
deceptive because cytokines have short half
lives and are often bound to circulating recep-
tors. Studies of cellular production may better
reflect the in vivo activity of a particular
cytokine.12 We therefore analysed the number
of mRNA expressing cells for selected cyto-
kines in blood and CSF as well as soluble lev-
els of cytokines in the CSF.

Nitric oxide (NO) is an important inflamma-
tory mediator with a potential role in NPLE. It
has a short half life and is usually measured by
its more stable oxidation products nitrite and
nitrate. We recently reported that a small group
of patients with NPLE had high levels of NO
metabolites in the CSF.16 Cytokines such as
tumour necrosis factor á (TNFá) and IFNã are
potent inducers of inducible nitric oxide
synthase (iNOS) in cerebral cell types, includ-
ing human astrocytes,17 and may thus trigger
the production of excessive and toxic NO levels
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within the central nervous system.18 Therefore
we measured the levels of CSF NO metabolites
in an extended group of patients with NPLE
and determined correlations between CSF NO
metabolites, soluble cytokine levels, and the
number of cytokine mRNA expressing cells in
blood and CSF. We also investigated whether
the severity of neurological symptoms in
patients with NPLE corresponded with CSF
NO levels or with production of proinflamma-
tory cytokines in blood or CSF.

Patients and methods
PATIENT GROUP

During 1996 and 1997 patients with SLE at
the rheumatology unit, Karolinska Hospital in
Stockholm Sweden, were examined and inter-
viewed for neurological symptoms. Thirty
patients with signs of NPLE were included (25
outpatient, five inpatients). Table 1 gives the
patients’ characteristics. The patients were all
women, aged 20–74 years (mean (SD) 46
(13)). All patients fulfilled four or more of the
1982 ACR revised criteria for SLE.19 Patients
with explanations for the neuropsychiatric
symptoms other than SLE or the antiphos-
pholipid syndrome were excluded. All patients
were examined at inclusion by both a rheuma-
tologist (ES) and a neurologist (MA). The
local ethics committee approved the study.

SLE disease activity was measured using the
SLE Disease Activity Index (SLEDAI).20 To
assess neurological SLE involvement, the
patients’ NPLE was scored at inclusion jointly
by the rheumatologist and the neurologist after
discussing each case as mild (patients who only
reported subjective symptoms such as mild
cognitive impairment but able to work, mood/

anxiety syndromes, lupus headache, fatigue),
moderate (cognitive impairment unable to
work, organic brain syndrome as defined by
SLEDAI,20 epileptic seizures, one focal neuro-
logical symptom), or severe (psychoses, de-
mentia, combinations of several neuropsychiat-
ric symptoms). Formal neuropsychiatric
assessment was made when clinically indi-
cated. Smaller cerebrovascular lesions were in
some cases unexpectedly found on magnetic
resonance imaging (MRI) after inclusion in the
study, but this did not change our clinical
ratings. Patients were included before the ACR
case definitions for neuropsychiatric syn-
dromes in systemic lupus erythematosus were
published.3 Retrospectively, we have reassessed
the patients’ clinical data according to this
nomenclature system. Twenty one of the 30
patients with clinical signs of NPLE were sub-
jected to lumbar puncture. Patients were
excluded from lumbar puncture for the follow-
ing reasons: receiving warfarin treatment
(n=2), platelet count <100×109 (n=2), perma-
nent dorsal cord stimulator (n=1), refusal to be
subjected to the procedure (n=3), or technical
diYculty (“dry tap”, n=1).

Paired serum and CSF samples were ob-
tained at inclusion and stored at –20°C. Serum
levels of anti-dsDNA, anticardiolipin antibod-
ies, and lupus anticoagulant were determined
in the clinical laboratory at this institute. Anti-
dsDNA antibodies were determined by im-
munofluorescence using a Crithidia luciliae
kinetoplast assay. Anticardiolipin antibodies
were measured by enzyme linked immunosorb-
ent assay (ELISA) using ethanol fixed cardioli-
pin (Sigma) and horseradish peroxidase conju-
gated fractionated rabbit immunoglobulins

Table 1 Patient characteristics at the time of inclusion (blank spaces indicate negative findings)

Patient
number Age

SLE
duration

Anti-DNA
antibodies aPL*

White matter
lesions*

Cerebral
infarction

Cortical
atrophy*

Disease
severity

Currently active CNS
manifestation* SLEDAI

Prednisolone
(mg/day)

1 50 4 1/100 + 3 Dementia, seizures, 26 0
2 47 13 + Yes 1 Fatigue, depression 8 5
3 23 1 + 1 Fatigue, Cogn 0 0
4 49 10 + ND 1 Vertigo, fatigue 4 15
5 61 12 ++ 3 Psychosis, seizures 20 40
6 45 14 + 2 Cogn, Ha 8 5
7 39 13 ++ 2 Cogn, seizures 16 5
8 57 21 1/100 + ++ Yes + 3 OBS, seizures 16 7.5
9 51 2 1/400 + 3 Psychosis, Cogn 16 20

10 49 1 1/3200 + + + 1 Ha, anxiety 25 40
11 47 1 + 1 Ha, Cogn 8 0
12 22 6 1/25 + 2 OBS 20 0
13 37 22 1/3200 + 1 Ha, fatigue 6 10
14 56 12 + ++ 2 Seizures, Cogn 20 0
15 58 27 1/1600 + ++ 2 Seizures 13 20
16 74 2 + ++ ++ 2 Seizures, Ha 17 20
17 26 1 1/100 + 1 Cogn, Ha 14 15
18 42 27 1/100 + ++ 3 OBS, PN, Ha 18 0
19 50 2 1/10 ++ 2 Cogn, fatigue 8 0
20 55 2 2 Seizures 12 0
21 20 1 1 Cogn, Ha 1 5
22 52 19 1/25 + + Yes 2 Ha 13 5
23 63 2 + + Yes ++ 2 OBS, Ha 8 3.75
24 67 54 + ND + 2 OBS, Ha 9 0
25 50 22 + 1 Cogn 8 5
26 34 4 − 1 Ha 12 7.5
27 52 24 + ++ Yes + 3 OBS, seizures 26 17.5
28 38 3 + + 1 Cogn, Ha 10 0
29 25 2 − 1 Fatigue, Ha 14 0
30 38 21 + + Yes 3 Myelopathy, Ha 8 30

aPL = antiphospholipid antibodies: + = present as either IgG cardiolipin antibodies, IgM cardiolipin antibodies or positive lupus anticoagulant test; white matter
lesions (WML) on MRI: + = moderate changes 4–10 WML, ++ = severe changes 11–30 WML, ND = MRI not done, only computed tomography performed; cor-
tical atrophy with cerebral sulci wider than 5 mm: + = moderate changes, ++ = severe changes; seizures were considered currently active if previously documented
and had occurred within 10 days before inclusion: Cogn = subjective complaint of cognitive dysfunction, OBS = organic brain syndrome; Ha = severe headache; PN
= peripheral neuropathy.
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against human IgG, respectively IgM (Dako).
Lupus anticoagulant was determined using a
modified dilute Russel viper venom method,
(Biopool, Umea, Sweden) using Bioclot lupus
anticoagulant.

MRI INVESTIGATION

MRI was performed on 28 patients, computed
tomography (CT) on two. The MR examina-
tions were performed on a 1.5 T MRI unit
(Signa, GE medical systems, Milwaukee, WI).
The patients were examined in the transaxial
plane using a slice thickness of 5 mm and a slice
gap of 2 mm. Imaging included conventional
fast spin echo T2 weighted images (5000/85),
proton density weighted images (2500/20),
and/or fluid attenuated inversion recovery
(FLAIR) images. The examinations were
evaluated for high signal changes in the white
matter (white matter lesions, WML). The
WML were counted and divided into two
groups: 4–10 lesions were graded as moderate
changes (+) and 11–30 lesions as severe
changes (++). A cerebral infarct was diagnosed
on the CT or MRI study if a cerebral tissue
defect localised to a vascular territory was
present. Cortical atrophy was diagnosed if the
cerebral sulci were wider than 5 mm. Atrophy
was graded as moderate (+) or severe (++).

CONTROL GROUPS

In the studies of soluble CSF cytokines we used
CSF from 23 otherwise healthy people with
tension headaches. In the studies of NO

metabolites in CSF we used as controls CSF
from a diVerent set of six healthy people with
tension headaches. As controls for the in situ
hybridisation studies of cytokine production in
peripheral blood lymphocytes, we used blood
from healthy hospital staV matched for age and
sex.

CAPILLARY ELECTROPHORESIS FOR NO

METABOLITES

Sample analysis for NO metabolites was
performed by the capillary electrophoresis
technique.21 Vials and equipment were rinsed
in deionised, distilled water (Elgastat prima
1–3, Elga Bucks, UK). The samples were
diluted 1:10, ultrafiltered at 5000 g through
Ultrafree-MC filters (Millipore), and analysed
on an HP 3D capillary electrophoresis system
(Hewlett Packard, Waldbronn, Germany).

The electrolyte consisted of 25 mM sodium
sulphate containing 5% NICE-Pak OF
Anion-BT (osmotic flow modifier) in MilliQ +
water. Samples were injected by electromigra-
tion for 20 seconds at −6 kV and analysed at a
negative potential of 300 V/cm. Data were
acquired at a response time of 0.1 s at 214 nm
onto an HP 3D CE Chem Station data system.
The samples were coded to the laboratory staV.

CYTOKINE IN SITU HYBRIDISATION

Peripheral blood mononuclear cells and CSF
cells were isolated and dried onto slides.
TNFá, IFNã, IL4, and IL10 mRNA express-
ing cells were detected by in situ hybridisation
as previously described.22 Briefly, synthetic oli-
gonucleotide probes 3-end labelled with
[35S]deoxyadenosine-5-á-(thio)-triphosphate
(Dupont Scandinavia, Stockholm, Sweden)
were used. A probe complementary to the anti-
sense strand of the same base was included as a
control. Hybridisation was performed for
16–18 hours at 42°C with 106 cpm of labelled
probe per 100 µl of hybridisation mixture. After
hybridisation, slides were rinsed, dehydrated,
dried, and exposed for two weeks. Slides were
then developed in Kodak D19 and stained.
Coded slides were evaluated by light micros-
copy and cells with more than 14 autoradio-
graphic silver grains were regarded as cytokine
expressing.22

CYTOKINE DETERMINATIONS IN CSF

IFNã levels were determined by ELISA. In
brief, Maxisorp plates were coated overnight
with antihuman IFNã (Kabi Diagnostica), 5
µg/ml, in bicarbonate buVer, pH 9.6. After

Table 2 Comparison between SLEDAI score and doctors’ assessment of neuropsychiatric
lupus erythematosus. Results are given as median (range)

SLEDAI score Mild Moderate Severe

Total SLEDAI score 8 (0–25) 12 (8–20) 18 (8–26)
Neurological SLEDAI score 8 (0–8) 8 (0–16) 16 (8–24)
Systemic (non-neurological) SLEDAI score 2 (0–17) 0 (0–13) 2 (0–18)

Table 3 Patients’ neuropsychological symptoms, according to 1999 ACR case definitions
for neuropsychiatric lupus erythematosus

Patient
number Neuropsychiatric syndromes as defined by the ACR

1 Acute confusional state, cognitive dysfunction, seizure disorder, headache NOS
2 Cerebrovascular disease, mood disorder
3 Cognitive dysfunction, not tested according to criteria for ACR classification
4 Cognitive dysfunction, not tested according to criteria for ACR classification
5 Psychosis, seizure disorder
6 Cognitive dysfunction, headache NOS
7 Cognitive dysfunction, seizure disorder
8 Acute confusional state, seizure disorder, cerebrovascular disease
9 Psychosis, cognitive dysfunction

10 Headache NOS
11 Lupus headache, cognitive dysfunction
12 Acute confusional state, cognitive dysfunction
13 Headache NOS
14 Seizure disorder, cognitive dysfunction
15 Seizure disorder
16 Seizure disorder, headache NOS
17 Cognitive dysfunction
18 Polyneuropathy
19 Acute confusional state
20 Seizure disorder
21 Acute confusional state
22 Cerebrovascular disease, headache NOS
23 Acute confusional state, headache NOS
24 Acute confusional state, headache NOS
25 Cognitive dysfunction
26 Headache NOS
27 Cerebrovascular disease, acute confusional state, seizure disorder, headache NOS
28 Cognitive dysfunction, headache NOS
29 Headache NOS
30 Myelopathy, cerebrovascular disease, headache NOS

Table 4 Number of mRNA expressing cells in peripheral
blood in patients with neuropsychiatric lupus
erythematosus(NPLE) and controls. Results are expressed
as the number of mRNA expressing cells/1000 000
mononuclear cells. Median (interquartile range) is given

Cytokine* NPLE Controls p Value†

TNFá 34 (11–51) 3 (1–5) <0.004
IFNã 9 (4–12) 2 (0–2) <0.002
IL10 7 (4–12) 1 (0–8) <0.003
IL4 4 (2–7) 1 (0–2) NS

*TNF = tumour necrosis factor; IFN = interferon; IL =
interleukin.
†Comparisons are by Wilcoxon’s rank sum test.
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washing and blocking with bovine serum albu-
min, samples and standards (recombinant
human IFNã; Genzyme Novakemi) were incu-
bated for two hours at 37°C. Plates were

washed and incubated with biotinylated anti-
human IFNã (Kabi Diagnostica) followed by
extra-avidin alkaline phosphatase and substrate.
The colour developed with p-nitrophenyl
phosphatase was registered at 405 nm in an
ELISA plate reader and compared with known
standards.

CSF TNFá was measured by ELISA on
plates coated with monoclonal antibody to
TNFá (Endogen, MA) with recombinant
human TNFá (Endogen, MA) as standard and
a second biotin labelled antihuman TNFá
monoclonal antibody (Endogen MA). A simi-
lar ELISA assay was used to measure levels of
IL4 and IL10, using monoclonal antibody
IL4-I (IL4-82, Mabtech), recombinant human
IL4, (Genzyme), and biotinylated monoclonal
antibody IL4-II (IL4-12, Mabtech), mono-
clonal antibody IL10 (Pharmingen), recom-
binant human IL10 (R&D), and biotin labelled
antihuman IL10 monoclonal antibodies
(Pharmingen), respectively.

IL6 activity in CSF diluted 1/50 was
measured by a proliferation assay using the IL6
dependent B9 murine cell line. After dilution,
samples were inactivated by 30 minutes’
incubation at 56°C. Samples and standards
(recombinant human IL6, Genzyme) were
incubated for 72 hours at 37°C. After the addi-
tion of [3H]thymidine (Amersham) the cells
were harvested and incorporation was meas-
ured with a â counter.

ROUTINE CSF STUDIES

In CSF white blood cells were counted, the
IgG index was obtained, albumin fractions
were calculated, and isoelectric focusing was
performed to detect oligoclonal bands.23

STATISTICAL ANALYSIS

The Wilcoxon non-parametric rank sum test,
Fisher’s exact test, and linear correlation were
calculated using “JMP” software ( SAS Insti-
tute Inc, Carey, North Carolina). A p value
<0.05 was considered significant.

Results
CLINICAL AND LABORATORY DATA

Table 1 lists the clinical and laboratory data of
the 30 patients with NPLE. Twelve patients
were classified as having mild, 11 as having
moderate, and seven as having severe NPLE.
SLEDAI scores ranged from 0 to 26 with a
median SLEDAI of 13. When SLEDAI scores
were analysed separately for neuropsychiatric
and non-neuropsychiatric items, it was noted
that the overall SLEDAI scores represented, to
a large extent, neuropsychiatric rather than
non-neuropsychiatric types of disease activity
(table 2). At the time of inclusion 19/30
patients were being treated with prednisone,
with doses ranging from 3.75 to 40 mg/day.
Eleven of 30 patients had detectable
anti-dsDNA antibodies and 23/30 had anti-
phospholipid antibodies (positive test for anti-
cardiolipin antibodies (IgG or IgM) or positive
lupus anticoagulant test). Six of 21 patients had
a moderately raised CSF albumin fraction,
indicating some degree of blood-brain barrier
damage. Pleiocytosis of clinical significance

Figure 1 Box plot showing 10th, 25th, 50th, 75th, and 90th centile distribution of the
number of peripheral blood cells (PBMNC) expressing mRNA for (A) tumour necrosis
factor á (TNFá), (B) interleukin 10 (IL10), and (C) interferon ã (IFNã) in 11 healthy
controls and 16 patients with mild (1), moderate (2), or severe (3) neuropsychiatric lupus
erythematosus (NPLE). Patients with moderate and severe disease had more TNFá
expressing cells than controls; p<0.001 for both groups.
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was not present in any patient. Five patients
had oligoclonal bands. The IgG index was
slightly raised in one patient. Table 3 provides
a retrospective classification of the patients
according to the ACR case definitions for
neuropsychiatric syndromes seen in SLE.3

MRI INVESTIGATIONS

Thirteen of 28 patients had normal findings on
MRI. In the two patients examined by CT one
had a normal study and the other had cortical
atrophy. Cerebral infarct was present in six and
cortical atrophy in eight of the 30 patients.
WML were seen in 12 patients and located in
the periventricular white matter, the deep
white matter and, often, in the subcortical
white matter without any specific pattern. Two
patients (Nos 8 and 27) had WML preferen-
tially in the periventricular white matter. Five
patients had supratentorial infarcts aVecting
the cortex or a deeper situated vascular
territory. One patient (No 2) had three small
lacunar infarcts in the pons as well as a
subarachnoid haemorrhage in the basal cis-
terns. Selective cerebral angiography did not
disclose any aneurysm in this patient.

Table 1 presents the MRI findings.

NUMBER OF CYTOKINE EXPRESSING CELLS

Patients with SLE had significantly more
peripheral blood lymphocytes containing
mRNA for TNFá, IFNã, and IL10 than age
and sex matched controls (table 4). There was
a positive correlation between the number of
TNFá mRNA expressing cells and neurologi-
cal disease severity (fig 1A) and, also, a correla-
tion of borderline significance with the neuro-
logical items of the SLEDAI (p=0.057). In
contrast there was no correlation between
TNFá mRNA expressing cells and total
SLEDAI score. Furthermore, there was no
relation between IFNã and IL10 mRNA
expressing cells and disease severity (figs 1B
and C). We could not detect mRNA for IFNã,
TNFá, IL4, or IL10 in circulating CSF
lymphocytes. Of note, none of these patients
had CSF pleiocytosis at the time of this study.

SOLUBLE CYTOKINE LEVELS

Increased levels of IFNã and IL10 were found
in the CSF of patients with NPLE compared
with controls (figs 2A and B). Thus the IFNã
concentration in patients with SLE was 24.7
(4.3) U/ml, whereas controls all had values
below the detection level of 16 U/ml. CSF IL10
for patients with NPLE was 84.2 (16.6) pg/ml,
controls all had values below the detection level
of 60 pg/ml. CSF levels of soluble TNFá, IL4,
and IL6 did not diVer significantly between
patients and controls (data not shown). There
were no correlations between soluble cytokine
levels and NPLE severity or SLE activity as
measured with SLEDAI.

NO METABOLITES

Patients with NPLE had increased levels of NO
metabolites (the sum of the two metabolites
nitrite and nitrate) in the CSF compared with
controls (14.9 (7.3) v 6.6 (0.8) µmol/l,
p<0.0003). The concentrations of CSF nitrite
and nitrate values correlated with NPLE sever-
ity as determined by the doctor’s global assess-
ment. There was a significant diVerence in NO
metabolites between each of the three severity
subgroups and controls (p<0.004 for all
groups). Also, the group with mild CNS
disease diVered significantly from the group
with severe disease (p<0.04) (fig 3). Moreover,
in the patients who underwent both investiga-
tions there was a strong positive correlation

Figure 2 Box plot showing 10th, 25th, 50th, 75th, and 90th centiles for (A) soluble interferon ã (IFNã) and (B) soluble
interleukin 10 (IL10) in the cerebrospinal fluid of 16 patients with neuropsychiatric lupus and 23 healthy controls who all
had levels under the detection level (dashed line). Patients v controls: IFNã, p<0.001; IL10, p<0.0001 by Fisher’s exact
test evaluated at detection level.
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(r2=0.69, p=0.007) between the number of
TNFá mRNA expressing cells in peripheral
blood and the level of NO metabolites in the
CSF. Steroid dose, immunosuppressive drugs,
and SLEDAI scores did not correlate with the
CSF NO metabolites (data not shown).

Discussion
To our knowledge this is the first study to
investigate inflammatory mediators in patients
with NPLE in conjunction with markers of NO
metabolites. Despite the fact that none of our
patients had CSF pleiocytosis we found that
most patients with NPLE had evidence for
enhanced immunological and inflammatory
activity in both the intrathecal and systemic
compartment. We extend our previous report
that patients with NPLE have increased levels
of CSF NO oxidation products and show that
these patients also have high numbers of
TNFá, IFNã, and IL10 mRNA expressing
cells in the peripheral blood.

A new finding in this study is the observation
that patients with NPLE not only have high
levels of CSF NO metabolites and increased
numbers of TNFá producing peripheral lym-
phocytes but also that there is a correlation
between the number of TNFá mRNA express-
ing cells, CSF NO metabolites, and severity of
NPLE symptoms, suggesting that TNFá may
be of pathogenic importance in NPLE. Previ-
ous studies of the role of TNFá in the
pathogenesis of SLE are conflicting. In mouse
models as well as in human studies this
cytokine has been assigned both an inductive
and a protective role.24 There are reports of
increased local production of TNFá at sites of
SLE inflammatory activity, as in active lupus
nephritis where mesangial cells have been
shown to produce TNFá.25 However, in
accordance with our results, circulating levels
of TNFá do not diVer between patients with
SLE and controls in most studies.26 27 More-
over, measurements of free circulating TNFá
may be misleading because TNFá molecules
are usually bound to circulating soluble TNFá
receptors. Such soluble receptors have been
shown to occur in abundance in patients with
SLE and their levels were shown to correlate
with disease activity.28 29 Thus it may be more
meaningful to measure cellular production of
this particular cytokine. Our results using this
measurement suggest that increased systemic
TNFá production may be related to increased
intrathecal production of NO and, indirectly,
with NPLE activity. An important question is
whether the finding of increased TNFá expres-
sion in active NPLE can be the result of
confounding, due to the simultaneous presence
of active non-neuropsychiatric (systemic) SLE
activity and neurological symptoms that are
hard to characterise—for example, tension
headaches. However, the finding that the
patients in this study as a group had limited
non-neuropsychiatric disease activity, and yet
showed increased TNF expression that corre-
lated with the severity of neuropsychiatric dis-
ease, suggests that this was not the case. It may
be of interest in future studies to include
patients without SLE but with active diseases

known to be associated with increased expres-
sion of TNFá, such as rheumatoid arthritis or
inflammatory bowel disease.

Another important question is whether
inflammation in NPLE is intrathecal or sys-
temic. The CSF cell numbers in our patients
were low and we could not detect mRNA
expression for production of any of the investi-
gated cytokines (TNFá, IFNã, IL10, or IL4) in
CSF lymphocytes. These findings diVer from
previous studies of patients with multiple scle-
rosis, where increased numbers of IFNã and
IL10 producing cells were found using the
same technique as here.30 In the six patients
with abnormal albumin fractions, this abnor-
mality did not correlate with CSF cytokine lev-
els. This finding argues against the possibility
that either passive diVusion or passage over a
damaged blood-brain barrier is the cause of
high intrathecal cytokine levels. Thus our
results raise the possibility that peripheral
inflammatory mediators such as TNFá induce
intrathecal inflammation.

In a few earlier investigations cytokines were
reported to be present in the CSF in acute
cases of cerebral SLE. Thus Hirohata and
Miyamoto reported increases of IL6.14 Alcocer-
Varela et al found increases in both IL6 and IL1
activity,13 and Shiozawa et al showed increased
levels of IFNã in lupus psychoses.15 In our
patients we did not find general increases of
IL6. This may be accounted for by the more
chronic presentation in our patients. It may be
of relevance that one of our patients, who had
acute psychosis, did have CSF IL6 in the same
increased range as that reported by other
groups.

Both an increased number of peripheral
blood mononuclear cells producing IL10 and
high systemic levels of IL10 which correlate
with SLE disease activity indices have been
described in several previous studies of patients
with SLE.31 32 In agreement with these studies
we found that our patients had an increased
number of IL10 producing cells in peripheral
blood. We also found that patients with NPLE
had high levels of intrathecal IL10. To our
knowledge there are no previous reports on
intrathecal IL10 in patients with SLE. Whether
this is yet another manifestation of constitu-
tionally high IL10 production or a specific
marker for neuropsychiatric disease in SLE
needs to be considered in future studies.

Previously, Ohga et al described high levels of
CSF IFNã and TNFá in a single case of active
lupus meningoencephalitis where the CSF
cytokine levels declined as symptoms sub-
sided.33 Al-Janadi et al have previously reported
high systemic levels of IFNã in patients with
SLE, including 10 patients with severe NPLE
symptoms.34 In this study we show that patients
with NPLE have increased IFNã activity in
both peripheral blood and CSF. IFNã can
induce the synthesis of NO by astrocytes.35

Thus IFNã produced intrathecally may trigger
expression of iNOS and increase NO produc-
tion in the central nervous system, which over
time may cause toxic damage to neural tissue.
A causal relation of this kind was shown in
mice, where intraperitoneal lipopolysaccharide
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injection caused systemic inflammation and
induced iNOS expression in the brain.36

Therefore, it was of interest to measure NO
metabolites directly.

The level of NO metabolites in the CSF of
our patients was raised and was found to
correlate with neuropsychiatric disease sever-
ity. Thus CSF NO metabolites may serve as a
marker for NPLE and, possibly, as a tool to
monitor treatment eVects. It is especially inter-
esting that some patients with only subjective
and mild symptoms of NPLE have significantly
raised levels of NO metabolites in the CSF.
Previously it has been shown that patients with
SLE with pulmonary symptoms have increased
levels of NO in expired air.37 There is also a
report of systemically high levels of NO
metabolites in patients with SLE, which corre-
lated with disease activity.38 However, measure-
ments of systemic NO levels are diYcult to
interpret because they are influenced by dietary
factors.21 NO in the CSF may also have patho-
physiological significance in that some NO
metabolites are extremely toxic and can cause
tissue damage,18 which in turn may be the
direct cause of diVuse symptoms in NPLE.

MRI findings in this study are in agreement
with previous studies39 on patients with NPLE.
A majority of the patients had MRI changes
such as WML, atrophy, and cerebral infarc-
tions. However, there was no correlation
between any of these findings and NPLE
severity, cytokines, or CSF NO levels.

A major limitation in this study is the lack of
a control group of patients with active SLE
without neuropsychiatric disease. However, it
should be noted that our group of patients as a
whole had relatively little non-neuropsychiatric
SLE activity (table 2), making it less likely that
the finding of increased cytokine expression
and NO metabolites could be explained by the
non-neuropsychiatric disease activity. Another
interesting control group would be patients
without SLE but with otherwise comparable
neurological or psychiatric disease. Although
the relations between disease activity, cytokine
expression, and NO metabolites in this study
are suggestive, they cannot by themselves prove
causality. The overall findings in this paper
suggest that better understanding of the
relations between cytokines, inflammatory me-
diators, and disease activity may have both
diagnostic and therapeutic implications. Thus
measurement of NO metabolites in the CSF
might support the diagnosis of NPLE and spe-
cifically guide treatment towards anti-
inflammatory therapies. The use of more
specific inhibitors of NO production might be
evaluated in this context. “Biological” antago-
nists of TNF and other cytokines could also be
evaluated with respect to SLE, though the pre-
cise role of each cytokine in SLE would have to
be scrutinised further before any therapeutic
trials could be undertaken.

In summary, in patients with NPLE, we
found correlations between systemic TNFá
production, intrathecal NO metabolite levels,
and severity of neuropsychiatric symptoms.

This supports our hypothesis that inflamma-
tory mediators are important in the pathogen-
esis of NPLE and that these substances are
candidate targets for future treatment.
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