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Autoantibodies to a 140-kd Polypeptide, CADM-140, in
Japanese Patients With Clinically Amyopathic Dermatomyositis
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Objective. To identify novel autoantibodies spe-
cific for dermatomyositis (DM), especially those specific
for clinically amyopathic DM (C-ADM).

Methods. Autoantibodies were analyzed by immu-
noprecipitation in 298 serum samples from patients
with various connective tissue diseases (CTDs) or idio-
pathic pulmonary fibrosis (IPF). Antigen specificity of
the sera was further examined by immuonoblotting and
indirect immunofluorescence (IF). The disease specific-
ity and clinical features associated with the antibody of
interest were determined.

Results. Eight sera recognized a polypeptide of
~140 kd {CADM-140 autoantigen) by immunoprecipi-
tation and immunoblotting. Immunoreactivity was de-
tected in the cytoplasm, and indirect IF revealed a
granular or reticular pattern. Anti-CADM-140 antibod-
ies were detected in 8§ of 42 patients with DM, but not in
patients with other CTDs or IPF. Interestingly, all 8
patients with anti~-CADM-140 antibodies had C-ADM.
Among 42 patients with DM, those with anti-CADM-
140 autoantibodies had significantly more rapidly pro-
gressive interstitial lung disease (ILD) when compared
with patients without anti-CADM-140 autoantibodies
(50% versus 6%; P = 0.008).

Conclusion. These results indicate that the pres-
ence of anti-CADM-140 autoantibodies may be a novel
marker for C-ADM. Further attention should be di-
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rected to the detection of rapidly progressive ILD in
those patients with anti-CADM-140 autoantibodies.

Polymyositis {PM)/dermatomyositis (DM) is a
chronic inflammatory disorder that culminates in injury
to the skin and muscle and, sometimes, is associated with
interstitial lung disease (ILD) and/or neoplasia (1,2). A
number of autoantibodies are associated with myositis,
including those specific for aminoacyl-transfer RNA
synthetase (anti-ARS) (3), signal recognition particle
(anti-SRP) (4), and Mi-2 (5). These auntoantibodies have
proven to be clinically useful in the diagnosis and
classification of these diseases and are predictive of
responses to treatment.

It has been known for some time thatl certain
patients may have the typical skin manifestations of DM
but no evidence of myositis, a condition known as
amyopathic DM. Recently, Sontheimer proposed the
existence of a unique subgroup of patients with DM who
have the clinical cutaneous features of DM but no
evidence of clinical myositis symptoms for at least 2
years after the onset of skin manifestations (referred to
as clinically amyopathic DM [C-ADM]) (6). In other
words, C-ADM includes patients with amyopathic DM
and patients with hypomyopathic DM (patients with
subclinical signs of myositis and DM skin manifesta-
tions). Some patients with C-ADM, especially those in
Japan (7), have been noted to develop rapidly progres-
sive 1LD. This condition in many of these patients is
resistant to treatment, and fatal outcomes have been
observed.

Because of the severity of ILD accompanying
C-ADM, a marker autoantibody would be useful for
carly diagnosis and treatment monitoring. Potential
marker autoantibodies have been described by Targott
et al, who, in a preliminary study, described specificity
for a 95-kd Se protein, as well as an unidentified 155-kd
protein (8). However, a full survey of the autoantibodies
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associated with C-ADM has not been performed. In the
present study, we examined the sera from 15 Japanese
paticnts with C-ADM to identify additional autoanti-
bodies associated with this disease.

PATIENTS AND METHODS

Patients and sera. Serum samples were obtained from
255 randomly selected Japanese adult patients with connective
tissue diseases (CTDs) who were being followed up in clinics at
Keio University in Tokyo and collaborating medical centers.
These sera were obtained, prior to therapy, from a cohort of 61
patients with PM. 42 with DM (including 15 with C-ADM), 50
with theumatoid arthritis, 46 with systemic lupus erythemato-
sus, 27 with mixed CTD/overlap syndrome, 22 with systemic
sclerosis, and 7 with Sjogren’s syndrome. Sera from 43 patients
with idiopathic pulmonary fibrosis (IPF) and 16 normal human
sera were used as control sera. The diagnosis of C-ADM was
based on diagnostic criteria proposed by Sontheimer (6), ie.,
DM patients with no clinical muscle symptoms for more than
2 years after the onset of skin manifestations.

The patients were diagnosed as having 1L.D according
to the results of chest radiography, chest computed tomogra-
phy (CT), and pulmonary function testing, which included the
percent predicted values for forced vital capacity and diffusing
capacity for carbon monoxide. A subset of patients with rapidly
progressive ILD was defined as those presenting with progres-
sive dyspnea and progressive hypoxemia, and a worsening of
interstitial change on the chest radiograph within 1 month
from the onset of respiratory symptoms.

Immunoprecipitation. The immunoprecipitation assay
was performed using extracts of the leukemia cell line, K562, as
previously described (9). A total of 10 ul of patient serum was
mixed with 2 mg of polypeptide A-Sepharose CL-4B (Phar-
macia Biotech AB, Uppsala, Sweden) in 500 pl of immuno-
precipitation buffer (10 mM Tris HCI, pH 8.0, 500 mM NaCl,
0.1% Nonidet P40) and incubated for 2 hours at 4°C, and then
washed 3 times with immunoprecipitation buffer.

For polypeptide studies, antibody-coated Sepharose
beads were mixed with 100 wl of **S-methionine-labeled K362
cell extracts derived from 2 x 10° cells, and rotated at 4°C for
2 hours. After 6 washes, the Sepharose beads were resus-
pended in sodium dodecyl sulfate (SDS) sample buffer and the
polypeptides were fractionated by 6% SDS-polvacrylamide
electrophoresis gels. Radiolabeled polypeptide components
were analyzed by autoradiography.

For analysis of RNA, the antigen-bound Sepharose
beads were incubated with 100 ul of K362 cell extracts (6 x 10¢
cell equivalents per sample) for 2 hours at 4°C. To extract
bound RNA., 30 pl of 3.0M sodium acetate, 30 wl of 10% SDS,
2wl of carrier yeast transfer RNA (10 mg/ml; Sigma, St. Louis,
MO), and 300 w of phenol:chloroform:isoamyl alcohol (50:
50:1, containing 0.1% 8-hydroxyquinoline) were added. After
ethanol precipitation, the RNA was resolved using a M
urea-10% polyacrylamide gel, which was subsequently silver-
stained (Bio-Rad, Hercules, CA).

Immunoblotting. Immunoblotting analysis was per-
formed using K562 cell extracts in a modification of the
procedure described by Towbin et al (10).
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Immunodepletion. A 10-ul aliquot of the prototype
serum of autoantibodies to the 140-kd polypeptide was mixed
with 2 mg of Sepharose beads and incubated for 2 hours at 4°C.
followed by 3 washes with immunoprecipitation buffer. An-
other serum that recognized the 140-kd polypeptide was added
in a dose-dependent manner (0 ul, 10 pl, 25 pl. and 50 pl) and
then incubated. After 3 washes, immunoprecipitation for
polypeptide analysis was performed as described above.

Indirect immunofluorescence (1F). Indirect IF was
performed using HEp-2 cells and fluorescein-labeled anti-
human immunoglobulin (Inova Diagnostics, San Diego, CA).

Clinical studies. The patients whose sera immunopre-
cipitated a 140-kd polypeptide were examined for their clinical
symptoms, clinical course, muscle enzyme levels (creatine
kinase [CK] and aldolase), results on chest radiographic and
CT scans, and findings of skin pathology. An assessment of
muscle weakness was performed using a manual muscle test
(11). Some patients were also examined by electromyogram
and muscle magnetic resonance imaging (MRI), and by patho-
logic analysis of the muscle.

Statistical analysis. The 2 groups of DM patients with
or without autoantibodies fo the 140-kd polypeptide were
compared. The results of comparisons between groups were
analyzed using the chi-square test, with Yates' correction
where appropriate.

RESULTS

Detection of anti~140-kd polypeptide antibodies
in patients with C-ADM. We screened 298 patient sera
and 16 normal human sera by immunoprecipitation.
Sera from 8 (19%) of 42 patients with DM immunopre-
cipitated a polypeptide of ~140 kd from 3°S-
methionine-labeled K562 cell extracts (Figure 1A, lancs
1-8). All 8 patients were diagnosed as having C-ADM, a
subtype of DM. In the analysis of RNA specificity, these
sera did not immunoprecipitate any nucleic acid band,
except for 1 patient’s serum, which precipitated h'YRNA
of SSA/Ro components.

The C-ADM sera that immunoprecipitated the
140-kd polypeptide were also used to immunoblot K562
cell extracts. These sera from C-ADM patients displayed
a similar reaction on immunoblot, with a polypeptide
band of similar molecular weight (results not shown).

For identification of novel autoantibodies recog-
nizing the 140-kd molecule, the polypeptide immuno-
precipitated by the prototype serum was compared with
antigens of similar molecular weight recognized by other
known autoantibodies (Figure 1B). The protein recog-
nized by the prototype serum migrated slightly faster
than the 140-kd protein recognized by anti-MJ antibody
(Figure 1B, lane 2) and faster than that recognized by
anti-RNA helicase A antibody (Figure 1B, lane 3), but
more slowly than the 120-kd protein precipitated by
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Figure 1. A, Immunoprecipitation of polvpeptides with sera from patients with clinically amyopathic dermatomvositis {C-ADM), using *S-
methionine—labeled K362 cell extracts. Lanes 1-8, Sera from C-ADM patients; lane 9, anti-PL-12 serum; lane 10, control normal human serum
(NHS). A 140-kd protein was recognized by 8 sera from C-ADM patients (lanes 1-8). B, Immunoprecipitation of polypeptides by the prototype
serum and by other known autoantibodies. Lane 1, The prototype anti-CADM-140 serum; lane 2, anti-MJ serum; lane 3, anti-RNA helicase A
(RHA) serum; lane 4, anti-PL-12 (alanyl-transter RNA synthetase) serum; lane S, anti-RNA polymerase 1, 11, and III ( RNAP 1, T1, and III) serum;
fane 6. control NHS. Anti-CADM-140 serum immunoprecipitated an ~140-kd polypeptide that was easily distinguished from that of other known
antibodies. C, Immunodepletion studies. Sera used for immunoprecipitation were as follows: lane 1, anti-CADM-140; lane 2, anti-PL-12; lane 3,
control NHS; lanes 4-7, immunoprecipitation with anti-CADM-140 serum after absorption by another anti-CADM-140-positive serum in a
dose-dependent manner. Arrows in A and C denote the 140-kd polypeptide. The sizes of the molecular weight markers are indicated to the left in
A-C. D, Immunofluorescence pattern of HEp-2 cells stained with anti-CADM-140 serum. A granular or reticular cytoplasmic staining pattern on
FEp-2 cells was observed. {Original magaification X 404).)

anti-PL-12 antibody (Figure 1B, lane 4). These results prototype serum was no longer immunoprecipitated in
clearly indicate that the 140-kd polypeptide immunopre- these extracts (Iigure 1C, lane 7). In contrast, the
cipitated by the prototype serumn was different from the depletion of radiolabeled K562 cell extracts with the use
proteins immunoprecipitated by these other known an- of autoantibodies of different immunologic specificitics
tibodies. We designated this new autoantibody specilic- did not affect the levels of the anti~-CADM-140-specific
ity as anti-CADM-140). antigen (results not shown). When sera paositive for

The prototype serum depleted extracts of the anti—-CADM-140 antibodies were assessed in indirect IF
140-kd polypeptide in a dose-dependent manner (Figure studies, a granular or reticular cytoplasmic staining
1€, lanes 4--7), and the polypeptide recognized by the pattern was observed (Figure 1D).
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Table 1, The frequencies of myositis-specific, myositis-associated, and anti—-CADM-140 antibodies in patients with connective tissue diseases and

IPF*
DM (n = 42) . .
Svstemic  Sjouren’s
PM Classic DM C-ADM RA SLE MCTD/OL  sclerosis  syndrome 1P
Autoantibodies (n = 61) (n = 27) (n =15y  (n=230) (n=46) (n = 27} (n = 22) (n=7) (n = 43)

Myositis-specific

Ant-ARS (anti-Jo-1} 10 (16) 6(22) 0 0 0 0 [¢] 0 0

Anti-ARS {(non-anti-Jo-1) 10 (16) 2(7 0 0 0 1(4) 0 0 4(9)

Anti-SRP 5(8) 0 0 0 0 9] 0 0 0

Anti-Mi-2 ¥ 2(7 0 0 0 0 0 0 0
Myositis-associated

Anti-SSA/Ro 3(9) 3y 2(14) 8 (16} 15 (33) 6(22) L(5) S(71) 1D

Anti-U1 RNP 2(3) 2N 1] 1(2} 18 (39) 23 (85 2(% 0 0
Anti-CADM-140 0 0 8(33) 0 0 0 0 0 0

* Values are the number (%) of patients. Anti-PM/Scl and other myositis-associated autoantibodies were not detected in any of the sera tested.

PM = polymyositis; DM = dermatomyositis; C-ADM = clinically amyopathic dermatomyositis; RA = rheumatoid arthritis; SI
erythematosus; MCTD/OL = mixed connective tissue disease/overlap syndrome; [PF = idiopathic pulmonary fibrosis; anti-ARS =

transfer RNA synthetase; anti-SRP = anti-signal recognition particle.

Disease specificity of the anti-CADM-140 anti-
bodies. The frequencies of myositis-specific antibodies,
myositis-associated antibodies, and anti-CADM-140 an-
tibodies are summarized in Table 1. Myositis-specific
antibodies are found in most patients with myositis,
whereas myositis-associated antibodies are frequently
found in patients without myositis (12). Among the
patients with CTDs or IPF, myositis-specific antibodies
(33 with anti-ARS, 5 with anti-SRP, 2 with anti-Mi-2)
and myositis-associated antibodies (44 with anti-SSA/
Ro, 48 with anti-Ul RNP, none with anti-PM/Scl or
other myositis-associated antibodies) were detected.
Anti-CADM-140 autoantibodies were found in 199 of
sera from patients with DM (especially in 53% with the

= systemic lupus
anti-aminoacyl-

C-ADM subtype), but were not detected in patients with
other CTDs or 1PF.

Clinical features of C-ADM patients with anti-
CADM-140. Clinical findings were compared between
DM patients (including those with C-ADM) with anti-
CADM-140 autoantibodies and those without anti-
CADM-140 autoantibodies (Table 2). There were no
significant differences in the frequencies of skin symp-
toms. However, the frequency of rapidly progressive
11.I> was significantly increased in anti-CADM-140-
positive patients compared with that in anti~CADM-
140-negative patients (50% versus 6%; P = 0.008). No
myositis-specific antibodies were found in patients with
anti~CADM-140; nevertheless, there was no significant

Table 2. Comparison of clinical features in anti-CADM-140-positive versus anti-CADM-14(0-negative

patients with dermatomyositis

Anti~CADM-140-positive

Anti-CADM- 140-negative

Feature (n = 8) (n = 34) P
Age at onset, mean * SD vears 445 = 127 40.5 = 15.7 NS
No. male/no. female 2/6 8126 NS
Gottron’s sign or papules 75 88 NS
Heliotrope rash 50 33 NS
Muscle weakness 0 76 0.02
Elevation of CK 25 74 0.03
Fever 25 50 NS
Raynaud’s phenomenon 13 24 NS
Arthritis 30 71 NS
Rapidly progressive 11D 50 6 0.008
Malignancy 4] 18 NS
MSAs 0 29 NS
MAAs 13 18 NS

* Except where indicated otherwise, values are the percent of patients. NS = not significant; CK =

creatine kinase; 11D
myositis-associated autoantibodies.
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interstitial lung disease; MSAs = myositis-specific autoantibodies; MAAs =
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difference in the frequency of these autoantibodies in
comparison with the anti-CADM-140-negative group.

None of the 8 patients with anti-CADM-140-
positive sera were treated with steroids or other immu-
nosuppressive medications prior to being assessed for
C-ADM. All of these patients bad Gottron’s sign or
papules, or periorbital heliotrope erythema and skin
biopsy specimens vielding results compatible with DM,
None of these patients had muscle weakness. CK levels
were in the normal range in 6 patients (75%) and slightly
elevated In the remaining 2 patients. Of the 6 patients
assessed for the muscle enzyme aldolase, levels were
normal in 2 patients. Of the 2 patients who underwent
muscle MRI, neither showed findings compatible with a
diagnosis of myopathy. Four patients had a muscle
biopsy, and 2 of the muscle specimens exhibited mild
infiltration of inflammatory cells, but there was no
evidence of necrosis of muscle fibers, variation in fiber
size, regeneration, or phagocytosis. Of the 7 patients
with 1LD (88%), 4 developed rapidly progressive dis-
case.

DISCUSSION

We have identificd novel autoantibodies (anti-
CAIDM-140 autoantibodies) to an ~140-kd polypeptide
in patients with DM. Anti-CADM-140 antibodies were
detected specifically in patients with DM, especially
those with C-ADM. In addition, anti-CADM-140 anti-
bodies were associated with rapidly progressive ILD.

It has been reported that amyopathic DM may be
accompanied by rapidly progressive 1LD, especially in
Japanese patients and other Asian patients (7). In
contrast, rapidly progressive ILD was shown to be rare
in patients with amyopathic DM in a North American
population (13). In our series, 5 of 15 patients with
C-ADM (33%) (4 of whom had anti-CADM-140 anti-
bodies) had rapidly progressive 1LD during their clinical
course. Rapidly progressive ILD was more frequent in
our series compared with that reported previously in
North American populations (13). Although the number
of patients that we studied was very limited, it remains
possible that racial differences are the reason for this
discrepancy, because other clinical studies of Japanese
patients also demonstrated findings similar to ours (7).

Furthermore, in a recent preliminary report, us-
ing immunoprecipitation and immunoblotting of Hel.a
cell extracts, Targoff et al documented the presence of
antibodies to a 155-kd protein and/or Se protein in
patients with C-ADM (8). Thirteen of 18 C-ADM sera
possessed an anti-155-kd polypeptide antibody, and 6
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also immunoprecipitated a 95-kd polypeptide (anti-Se
antibody). In contrast, Oddis et al identified the anti-MJ
antibody, which was also found to recognize a 140-kd
polypeptide, in patients with juvenile DM (14,15). We
have been able to conclude that anti-CADM-140 is
distinctively different from anti-MlJ., because the molec-
ular weights of the immunoprecipitated polypeptides are
different. Moreover, the clinical features of anti-MJ are
quite different from those associated with anti-CADM-
140. Anti-MI is detected mainly in juvenile DM, has
been observed in the US and Argentina, and is clinically
characterized by severe DM with a chronic and poly-
cyclic course, sometimes accompanied by vasculitis (14).
In order to elucidate the racial differences in the fre-
quency of these antibodies, the examination of a larger
number of patients from several different populations is
required.

Our results have thus demonstrated the presence
of anti-CADM-140 autoantibodies in patients with
C-ADM, and these were found to be associated with
rapidly progressive ILD. Further studies of this novel
autoantibody specificity may provide insight into the
pathogenic mechanisms of C-ADM accompanied by
rapidly progressive ILD.
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Elevated Levels of Soluble Fractalkine in Active
Systemic Lupus Erythematosus

Potential Involvement in Neuropsychiatric Manifestations
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Objective. To determine levels of the soluble form
of the chemokine fractalkine (sFkn) and its receptor,
CX,CR1, in patients with systemic lupus erythematosus
(SLE) with neuropsychiatric involvement (NPSLE) and
in SLE patients without neuropsychiatric involvement,
and to assess their relationship with disease activity and
organ damage.

Merhods. Levels of sFkn in serum and cerebro-
spinal fluid (CSF) were measured by enzyme-linked
immunosorbent assay. Expression of Fkn and CX;CR1
was quantified using real-time polymerase chain reac-
tion. Surface expression of CX;CR1 on peripheral blood
mononuclear cells (PBMCs) was determined by flow
cytometry. Disease activity and organ damage were
assessed using the SLE Disease Activity Index (SLE-
DAI) and the Systemic Lupus International Collaborat-
ing Clinics/American College of Rheumatology (SLICC/
ACR) Damage Index, respectively.

Results. Serum sFkn levels were significantly
higher in patients with SLE than in patients with
rheumatoid arthritis (RA) or healthy controls. In addi-
tion, significant correlations between serum sFkn levels
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and the SLEDAI, the SLICC/ACR Damage Index, anti-
double-stranded DNA and anti-Sm antibody titers, im-
mune complex levels (Clg), and serum complement
levels (CH50) were observed. Expression of CX;CR1
was significantly greater in PBMCs from patients with
active SLE than in those from RA patients or healthy
controls. Levels of sFkn were also significantly higher in
CSF from untreated patients with newly diagnosed
NPSLE than in SLE patients without neuropsychiatric
involvement; treatment reduced both serum and CSF
levels of sFku in patients with SLE.

Conclusion. Soluble Fkn and CX;CR1 may play
key roles in the pathogenesis of SLE, including the
neuropsychiatric involvement. Soluble Fkn is also a
serologic marker of disease activity and organ damage
in patients with SLE, and its measurement in CSF may
be useful for the diagnosis of NPSLE and followup of
patients with NPSLE.

Systemic lupus erythematosus (SLE) is an auto-
immune disease characterized by multiorgan damage
with infiltration and sequestration of various leukocyte
subpopulations, and by the presence of autoantibodies
(1). Its etiology is known to involve dysregulation of the
immune system, leading to a functional imbalance of T
cell subsets, production of a wide range of autoantibod-
ies, and polyclonal B cell activation. In addition, the
importance of dysregulation of cytokine expression has
been noted (2).

A variety of diffuse and focal neuropsychiatric
symptoms often occur in patients with SLE. The features
of this condition may include seizures, stroke, depres-
sion, psychosis, and cognitive disorders (3). Although
the pathogenesis of neuropsychiatric SLE (NPSLE) has
not been completely elucidated, a variety of clinical,
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laboratory, and radiographic findings are reportedly
abnormal in some, but not all, SLE patients with central
nervous system (CNS) complications, and the direct and
indirect effects of several inflammatory mediators have
been emphasized as possible contributors (4).

The chemokine fractalkine (Fkn; CX,CL1) is
synthesized as a type 1 transmembrane protein by
endothelial cells (5). The soluble form of Fkn (sFkn)
reportedly exerts a chemotactic effect on monocytes,
natural killer (NK) cells, and T lymphocytes and acts via
its receptor, CX;5CR1, as an adhesion molecule that is
able to promote the firm adhesion of a subset of
leukocytes to endothelial cells under conditions of phys-
iologic flow (6). Notably, prominent expression of both
Fkn and CX,CR1 has been observed in the CNS (7).
Thus, Fkn appears to possess immunoregulatory prop-
erties that affect inflammatory/immune cell-endothelial
cell interactions and inflammatory responses.

The aim of the present study was to determine
serum and CSF levels of sFkn and CX,;CR1 in SLE
patients (those with and those without neuropsychiatric
involvement) and to assess the relationship of these
levels with disease activity and organ damage.

PATIENTS AND METHODS

Patients and samples of serum and CSF. A total of 67
serum samples were obtained from 53 patients with SLE (50
women and 3 men; mean = SEM age 35.8 = 1.8 years), In 14
patients, serum samples were collected during both the active
and inactive phases of disease. All patients previously or
currently fulfilled the American College of Rheumatology
(ACR) revised criteria for the classification of SLE (8). Serum
samples were also obtained from 91 patients with rheumatoid
arthritis (RA) (71 women and 20 men; mean *+ SEM age
65.3 * 1.3 years) who fulfilled the 1987 revised ACR (formerly,
the American Rheumatism Association) criteria for a diagno-
sis of RA (9), and from 28 healthy volunteers (16 women and
12 men; mean * SEM age 34.4 + 2.7 years). CSF from the
lumbar spine was collected for the purpose of diagnosing
NPSLE. For ethical reasons, CSF samples were not collected
from SLE patients without any neuropsychiatric involvement
or from healthy volunteers.

The SLE Disease Activity Index (SLEDAI) (10) was
used 1o estimate general disease activity, and the Systemic
Lupus International Collaborating Clinics (SLICC)/ACR
Damage Index (11) was used to estimate organ damage.

Because of the difficulty in confirming neurologic
diagnoses and of assigning cause to SLE, we defined NPSLE as
the presence of at least 1 clinical feature of neuropsychiatric
syndromes (3) and at least 1 of the following: pathologic
findings on brain magnetic resonance imaging, diffusely abnor-
mal results of brain single-photon—emission computerized
tomography, severely abnormal results on a neuropsychiatric
test, an elevated CSF IgG index, or increased interleukin-6
(IL-6) activity in the CSF (12).
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Serum levels of specific autoantibodies, complement
hemolysis activity (CH50), and immune complex (C1q) as well
as albumin and IgG levels in both serum and CSF were
determined in the clinical laboratory at our hospital, All
human experiments were carried out in accordance with
protocols approved by the Human Subjects Research Commit-
tee at our institution, and informed consent was obtained from
all patients and volunteers.

Soluble Fkn levels. Soluble Fkn was quantified using a
double ligand enzyme-linked immunosorbent assay (ELISA)
that was a modification of an assay described previously (13).
Monoclonal murine anti-human Fkn (4 pg/ml; Genzyme/
Techne, Cambridge, MA) and biotinylated polyclonal goat
anti-Fkn (0.25 pg/ml; Genzyme/Techne) served as the primary
and the secondary antibodies, respectively. This ELISA detects
the chemokine domain of human Fkn, and the sensitivity limit
is ~150 pg/ml.

Flow cytometry. Flow cytometric analyses of CX,CR1
expression on peripheral blood mononuclear cells (PBMCs)
were carried out as previously described (14). PBMCs were
obtained from heparinized venous blood from patients with
SLE, patients with RA, and healthy volunteers and then
labeled with the indicated primary antibody (anti-CD3-
fluorescein isothiocyanate [FITC], anti-CD4-phycoerythrin
{PE], anti-CD8-PE, and anti-CD14 [monocyte]-FITC; BD
PharMingen, San Diego, CA), or rabbit anti-CX,CR1 antibody
(ProSci, Poway, CA), and then with a secondary antibody
(biotin-conjugated anti-rabbit IgG) and a tertiary reagent
(CyChrome-conjugated streptavidin; BD PharMingen). The
fluorescence intensity was measured on a 3-color FACScan
flow cytometer (Becton Dickinson, Mountain View, CA).

Isolation of total RNA, and real-time polymerase chain
reaction (PCR). Total RNA extracted from PBMCs was
reverse transcribed, and then real-time PCR was carried out in
a LightCycler (Roche Diagnostics, Mannheim, Germany). To
compare quantitative results between different samples, a
dilution series of complementary DNA from unstimulated
human umbilical vein endothelial cells and normal human
PBMCs, which served as internal standards for Fkn and
CX,CR1, respectively, were loaded every time and assigned a
value of 100 units. The primers used in the real-time PCR were
as follows: for human CX,CR1, 5'-AGCAGGCATGGA-
AGTGTTICT (sense) and 5'-GTTGTTTTGTGTGCATTGGG
(antisense); for human Fkn, 5'-GCTGAGGAACCCATCCAT
(sense) and 5'-GAGGCTCTGGTAGGTGAACA (antisense);
for B-actin, which served as an internal control, 5'-
CCCAAGGCCAACCGCGAGAAGAT (sense) and 5'-
GTCCCGGCCAGCCAGGTCCAG (antisense).

Statistical analysis. Data are expressed as the mean *
SEM. Differences between groups were analyzed using the
Mann-Whitney U test. Followup data were analyzed using
Wilcoxon’s test. The relationship between sFkn levels and the
indicated parameters was evaluated using Spearman’s rank
correlation. P values less than 0.05 were considered significant.

RESULTS

Serum sFkn levels. We initially used ELISAs to
assay the levels of sFkn in serum samples obtained from
SLE patients with and those without neuropsychiatric
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Figure 1. Correlation between serum levels of soluble fractalkine
(sFkn) and various clinical parameters. The correlation between serum
levels of sFkn (n = 67 samples) and the Systemic Lupus Erythemato-
sus Disease Activity Index (SLEDAT) (A), organ damage (Systemic
Lupus International Collaborating Clinics/American College of Rheu-
matology damage index) (B), serum anti-double-stranded DNA (anti-
dsDNA) antibody (Ab) titers (C), serum anti-Sm antibody titers (D),
immune complex (IC-Clq) levels (E), and serum complement hemo-
lysis activity (CH50) (F) in patients with SLE was examined. Serum
levels of sFkn were assessed by enzyme-linked immunosorbent assay.
Each point represents an individual SLE patient.

involvement (n = 67 samples), patients with RA (n =
91), and healthy controls (n = 28). Serum levels of
sFkn were significantly higher in patients with SLE
(mean * SEM 452.7 * 118.0 pg/ml) than in either pa-
tients with RA (mean * SEM 225.2 + 53.2 pg/ml; P <
0.05) or healthy controls (mean *+ SEM 3.2 * 3.2 pg/ml;
P < 0.01). We then examined the relationship between
serum levels of sFkn and disease activity, organ damage,
and the indicated serologic parameters (Figure 1). We
observed that serum levels of sFkn were correlated with
both disease activity as measured by the SLEDAI (r =
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0.351, P < 0.05) (Figure 1A) and organ damage as
measured by the SLICC/ACR Damage Index (r = 0.342,
P < 0.05) (Figure 1B) and were also positively corre-
lated with anti-double-stranded DNA (anti-dsDNA)
antibody titers (r = 0.300, P < 0.05), anti-Sm antibody
titers (r = 0.301, P < 0.05), and immune complex Clg
levels (r = 0.284, P < 0.05) (Figures 1C-E) and were
negatively correlated with CH50 (r = —0.314, P < (0.05)
(Figure 1F).

Expression of Fkn and CX;CR1 messenger RNA
(mRNA) and cell-surface expression of CX;CR1. To
better understand the dysregulation of Fkn/CX,CRI1
expression that occurs in SLE, we examined their ex-
pression profiles. CX3;CR1 mRNA was more strongly
expressed in PBMCs from SLE patients than in those
from patients with RA or healthy controls (Figure 2A).
In contrast, Fkn expression in PBMCs from all 3 groups
was markedly weak, and no significant difference be-
tween the groups was observed (results not shown). To
examine in more detail the phenotype of cells expressing
CX;CR1, we used flow cytometry to analyze the protein
expression of CX4CR1 in peripheral blood-specific cell
populations from SLE patients with active or inactive
disease, patients with RA, and healthy controls (Figure
2B). Although both the intensity of CX,CR1 expression
on macrophages (results not shown) and the relative
number of affected cells were slightly higher in patients
with active SLE than in patients with inactive SLE or
healthy controls, the expression of CX;CR1 protein was
most pronounced on CD4+,CD3+ T cells and
CD8+,CD3+ T cells from a patient with untreated
active SLE.

Neuropsychiatric manifestations and CSF levels
of sFkn. Because Fkn has been detected in the nervous
system (7), we hypothesized that it may also be involved
in the pathogenesis of NPSLE. To test this hypothesis,
we first assayed the sFkn levels in CSF from untreated
patients with newly diagnosed active SLE, with or with-
out neuropsychiatric involvement. As shown in Figure 3,
levels of sFkn in CSF samples from all but 1 SLE patient
without neuropsychiatric involvement (non-NPSLE)
were relatively low (n = 6, mean = SEM 186.3 = 177.1
pg/ml) compared with those in patients with NPSLE
(n = 6, mean = SEM 842.7 = 190.0 pg/ml). Notably, in
contrast with the results observed in CSF, no significant
difference in serum sFkn levels was observed between
untreated patients with newly diagnosed NPSLE (n = 6,
mean * SEM 467.4 * 24.0 pg/ml) and SLE patients
without overt neuropsychiatric involvement (n 6,
mean = SEM 400.3 = 182.0 pg/ml). In addition, there
were no significant differences in any serologic para-
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Figure 2. CX,;CR1 expression in peripheral blood mononuclear cells (PBMCs). A, Total RNA was isolated from PBMCs obtained from 21 patients
with systemic lupus erythematosus (SLE), 30 patients with rheumatoid arthritis (RA), and 10 healthy controls, after which the cDNA was reverse
transcribed, and real-time polymerase chain reaction was carried out. Levels of CX,CR1 mRNA are expressed as the mean and SEM units. * = P <
0.05 versus RA and control. B, PBMCs obtained from untreated patients with newly diagnosed SLE (active), treated patients with inactive SLE,
patients with RA, and healthy controls were labeled with anti-CD3+, anti-CD4+, anti-CD8+, or anti-CX;CR1 antibody. CX3;CR1 expression on
gated cells (CD4+,CD3+ T cells; CD8+,CD3+ T cells) was assayed by 3-color flow cytometry. Samples obtained from patients with SLE were
followed up. M1 = background intensity of isotype-matched control staining. M2 = percent of CX,CR1-positive cells. Histograms are representative

of 3 independent experiments.

meters between patients with NPSLE and SLE patients
without neuropsychiatric involvement. Moreover, the
IL-6 concentration was shown to be elevated in the CSF
of some patients with NPSLE (12), but we found no
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Figure 3. Levels of soluble fractalkine (sFkn) in cerebrospinal fluid
(CSF). Samples of CSF were obtained from 6 untreated patients with
newly diagnosed neuropsychiatric systemic lupus erythematosus
(NPSLE) and 6 SLE patients without neuropsychiatric involvement
(non-NPSLE; of these 6 patients who did not fulfill our criteria for
NPSLE, 4 described having mild headache, and 2 had mild mood
disorder). Soluble Fkn levels were determined by enzyme-linked
immunosorbent assay. Each point represents an individual patient.
Bars show the mean = SEM. » = P < (.05 versus non-NPSLE.
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significant correlation between CSF levels of sFkn and
IL-6 activity in the CSF (P = 0.32).

Because of the small number of samples exam-
ined, we were unable to determine the statistical signif-
icance of differences in CSF sFkn levels among patients
with any particular neuropsychiatric manifestation.
However, when neuropsychiatric manifestations were
classified as either diffuse CNS disease (n = 2), which
included psychosis, mood disorder, cognitive dysfunc-
tion, and acute states of confusion, or as focal CNS
disease (n = 4), which included cerebrovascular disease,
demyelinating syndrome, headache, aseptic meningitis,
seizures, or myelopathy (3), sFkn levels tended to be
higher in CSF from patients with focal disease (mean *
SEM 1,029.0 * 234.1 pg/ml versus 470.0 = 69.0 pg/ml in
patients with diffuse disease).

Followup studies of the effect of treatment on CSF
and serum sFkn levels. Figure 4 summarizes the results
of followup studies of serum levels of sFkn in 14 patients
with SLE (with or without neuropsychiatric manifesta-
tions) before and 2-3 months after treatment with glu-
cocorticoids and other immunosuppressive drugs (12 pa-
tients received glucocorticoids alone, and 2 patients
received glucocorticoids plus cyclophosphamide or eyclo-
sporin A). Notably, serum sFkn levels in patients with
active SLE were significantly diminished following success-
ful treatment and clinical improvement (mean 559.4 pg/ml
in patients with active disease versus 102.1 pg/ml in patients
inactive disease). Although the mean reduction in the CSF
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Figure 4. Followup measurements of soluble fractalkine (sFkn) levels
in serum from patients with systemic lupus erythematosus (SLE), with
or without neuropsychiatric involvement. Paired samples of serum
were obtained from 14 patients with SLE (with or without neuropsy-
chiatric involvement) at the time of active disease (newly diagnosed,
untreated) and after treatment (inactive disease). Each line represents
an individual patient. * = P < 0.05.

of 4 patients with NPSLE was quite pronounced (from
877.3 pg/ml to 155.3 pg/ml), it did not reach statistical
significance.

DISCUSSION

In the present study, we showed that serum sFkn
levels were significantly higher in patients with SLE than
in patients with RA or healthy controls and were posi-
tively correlated with disease activity, organ damage,
anti-dsDNA and anti-Sm antibody titers, and immune
complex levels and were negatively correlated with
CH30 activity. In addition to the increased expression of
sFkn itself, increased expression of its receptor,
CX5CR1, was also detected, especially on CD4+ and
CD8+ T cells from patients with active SLE. Finally,
levels of sFkn in the CSF were elevated in patients with
NPSLE, and both serum and CSF levels of sFkn were
reduced by successful treatment with glucocorticoids
and other immunosuppressive drugs.

This study is the first to demonstrate increases in
sFkn levels in the peripheral blood and CNS of patients
with active SLE and patients with NPSLE, respectively.
Recent evidence indicates that receptor expression de-
termines the spectrum of action of chemokines in Thl
and Th2 cells. Indeed, Fraticelli et al recently reported
that CX5CR1 was preferentially expressed in Thl cells,
and that Th1 cells, but not Th2 cells, respond to Fkn (15).
Furthermore, Fkn also acts via CX;CR1 as an adhesion
molecule and as a chemoattractant, recruiting monocytes,
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NK cells, and T lymphocytes to endothelial cells. Thus, Fkn
likely plays multiple roles in the development of SLE, via
Thi cell-endothelial cell interactions.

Intracranial increases in a variety of cytokines,
including IL-6, have been observed in patients with
NPSLE (12). This suggests that these various proin-
flammatory and antiinflammatory cytokines all play
specific roles during the progression of NPSLE. In the
present study, however, we observed no significant
correlation between the levels of sFkn and IL-6 in the
CSF of patients with NPSLE, which may indicate that
the expression of Fkn and IL-6 is differentially regu-
lated by these 2 mediators during the evolution of
the neuropsychiatric manifestations in patients with
SLE. Furthermore, we observed that patients with
focal neuropsychiatric manifestations had higher CSF
levels of sFkn than did those with diffuse disease.
These findings are not consistent with the results re-
ported by Erichsen et al (16), who found that sFkn
levels in the CSF of human immunodeficiency virus
type 1 (HIV-1)-infected patients with cognitive impair-
ment (diffuse disease) were significantly higher than
those in HIV-1-infected patients without cognitive im-
pairment. It would be interesting to know whether
this difference reflects a difference in the underlying
mechanism of the pathogenesis of NPSLE and HIV-
induced encephalopathy, and the extent to which Fkn
participates in those processes.

In healthy individuals, surface expression of
CX;CR1 has been demonstrated in NK cells, monocytes,
and effector T cells (17). CX;CR1 is also expressed on
CD4+ and CD8+ T cells in patients with RA (18).
Consistent with those findings, we observed increased
expression of CX;CR1 mainly on CD4+ and CD8+ T
cells in patients with active SLE. Moreover, T cell
expression of CX,;CR1 was significantly reduced by
treatment that diminished disease activity. Although
there have been few studies of the expression and
regulation of CX;CR1 under pathologic conditions, it
is noteworthy that CX;CR1 expression on immune
cells parallels the sFkn levels, suggesting that CX;CR1
mediates activation of recruited inflammatory cells,
especially CD4+ and CD8+ T cells, during active SLE.

In conclusion, sFkn and CX,CR1 may play im-
portant roles in the pathogenesis of SLE, including the
neuropsychiatric involvement. Soluble Fkn is also a
serologic marker of disease activity and organ damage
in patients with SLE, and its measurement in CSF may
be useful for the diagnosis of NPSLE and the followup
of patients with NPSLE.
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