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We analyzed lipoprotein profiles in 616 Japanese by biphasic agarose gel electro-
phoresis using Chol/Trig Combo™ to vield HDL, VLDL, LDL and CM fractions which
were stained with cholesterol and triglyceride reagents, respectively. To further evalute
the pattern of electrophoresis, we analyzed the fraction between VLDL and LDL to
confirm the possibility of a MidBand by using an automatic-five-fraction function. The
cholesterol concentrations in MidBand {MidBand-C) showed a good correlation to
remnant-like particle-cholesterol (RLP-C) (r = 0.95) in 23 consecutive samples (TC <
220 mg/dl, Lp(a) < 30 mg/dl). However, MidBand-C concentrations of subjects with
high Lp(a) levels (Lp{a) > 30 mg/dl) were also high compared to RLP-C concentra-
tions. The average MidBand-C levels in elderly normolipidemic control subjects (TC <
220, TG < 150) were 5.2 + 2.4 mg/dl in 30 males (mean age, 70 + 10 years) and 5.4 + 2.0
mg/dl in 40 females (64 + 11 years). The average MidBand-C levels of normolipidemic
patients with coronary artery diseases (CAD; TC < 220, TG < 150) were 9.4 + 4.1 mg/dl
in 126 males (mean age, 66 + 10 years) and 9.1 + 4.0 mg/dl in 44 females (67 £ 10 years).
These levels were significantly higher than control values (p < 0.0001). Areas under
ROC curves were greater for MidBand-C than for TC, LDL-C and TG when used to
discriminate between the patients with CAD and normolipidemic control subjects for
each sex. There results suggest that the MidBand-C level may be useful as an indica-
tor of risk for CAD. J Atheroscler Thromb, 2006; 13: 55-61.

Key words: Agarose gel electrophoresis, Automatic five-fraction, Remnant like par-
ticles-cholesterol, Coronary artery disease.

Introduction

The major remnant lipoproteins are a mixture of the ex-
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We reported that serum levels of remnant-like particle
cholesterol (RLP-C) were increased in patients with dia-
betes and impaired glucose tolerance (2). We also re-
ported that remnant lipoproteins had unique biological
effects such as the induction of apotosis of cultured en-
dothelial cells (3). VLDL remnants can be separated by
the ultracentrifugal method at a density of 1.006-1.019
g/mi (4). However, this method is not suitable for routine
analysis, because it takes hours, and the processing of
multiple specimens is difficult (5).

Agarose gel electrophoresis is an authentic method of
detecting remnant lipoprotein which appears as a broad
band. The mid-band in polyacrylamide gel electrophore-
sis is also well known as the band of remnant lipoprotein
(4). However, these methods are qualitative not quanti-
tative. Recently a quantitative assay for RLP-C has been
developed (6), and an elevation of plasma RLP-C levels
was reported in patients with coronary artery diseases
{CAD) (7). But there are considerable numbers of patients
with type 1 and V hyperlipidemia whose levels of RLP-C
appear abnormal in immunoadsorption assays with anti-
body. Therefore, it is important to develop simple and
comprehensive methods to measure remnant lipoprotein
levels.

We analyzed the lipoprotein fractions by using the aga-
rose gel electrophoresis with Chol/Trig Combo™, which
can quantify each lipoprotein fraction on the basis of the
separate staining of cholesterol and TG and by automatic
analysis. Based on this method, it is possible not only to
measure the levels of HDL- cholesterol (HDL-C) and LDL-
cholesterol (LDL-C) quantitatively, but also to recognize
the entire pattern of lipoprotein fractions (8-11). We iden-
tified the fraction between the VLDL and LDL fractions
using the Automatic five-fraction function of Chol/Trig
Combo™ and elucidated that this fraction was closely
related to the levels of RLP-C and increased in CAD pa-
tients compared with normolipidemic subjects. We
named this fraction MidBand and clarified it's clinical sig-
nificance.

Methods

Study subjects

We measured RLP-C and Lp(a) concentrations in 64
patients [31 males (mean age 60 + 11 years, age range
31-81 years) and 33 females (63 + 16, 26-80 years}], who
requested a RL.P-C test between 2000.03 and 2003.03.

The elderly control subjects were the 80 normolipidemic
(TC 114-219 mg/dl, TG < 150 mg/dl} staff members of
the Kobe University hospital enrolled in an annual medi-
cal checkup and patients 60 years or older who were
free from CAD, liver disease, kidney disease and diabe-
tes mellitus who were selected from among patients at
Kobe University Hospital. These were 35 maies (mean
age 66 + 13years, age range 41-90 years) and 45 fe-
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males (64 + 12, 50-88 years)

To evaluate the clinical usefuliness of MidBand-C in
CAD, 168 patients with CAD (TC 80-219 mg/dl, TG <
150 mg/di) were admitted to Kobe University hospital and
their diagnosis was confirmed by coronary angiography.
This group consisted of 125 males (mean age 67 = 10
years, age range 35-88 years) and 43 females (68 + 9,
47--83 years).

Hospital staff were ordered with informed consent to
come to blood sampling in the fasting state. Sera from
the patients with CAD were drawn in a 12-hour fasted
state with venopuncture. These samples were made
anonymous without linking.

Biochemical analysis

Serum total cholesterol (TC) and TG concentrations
were measured using an auto analyzer TBA-80M
(TOSHIBA, Tokyo, Japan) by the enzymatic method. The
RLP-C concentration was measured by the immune ad-
sorption method (JIMROII, Japan). The serum Lp(a) con-
centration was measured using an auto analyzer TBA-
80FR (TOSHIBA) by the latex agglutination immunoas-
say.

Agarose gel electrophoreisis analysis

The serum samples were subjected to the lipoprotein
analysis using agarose gel electrophoresis (Rapid Elec-
trophoresis, Helena Laboratories, Beaumont, Texas) and
the gels were stained with cholesterol and TG reagent.
The conditions for electrophoresis were as follows; se-
rum application volume was 1y, and electrophoresis time
was 18 min at 400 volts, and 20°C. Elution profiles were
analyzed by an automatic densitometer, Chol/Trig
Combo™ (Helena Kennkyusyo, Saitama, Japan).

Apolipoprotein B48 (apoB48) and Apolipoproteon B100
(B100) were identified with immunoblotting on the nitro-
cellulose film where the agarose gels were transferred.
For detecting apo B48 and apo B100, we used anti-
apoB48-151 monoclonal antibody (Fujirebio Co, Tokyo,
Japan) and anti-apo B100 monoclonal antibody (Bio-
chemical Division, Ohio), respectively. Ofuto® cream (Milk
fat 35%, 547 kcal. Jyoumou Shokuhin company, Gunma,
Japan) was used in the fat load. The samples which could
not be measured on the day were stored at —40°C with
the addition 1/20 (vol/vol) of dimethyl suifoxide (8). This
preservation method was effective up to four weeks (data
not shown).

Statistical analysis

Data are expressed as the mean + SD. Pearson’s Cor-
relation coefficient was used for the relationship between
MidBand-C and RLP-C. Differences were examined with
Student’s ttest. The computer analysis was done using
Stat View Ver. 5.0. A p-value less than 0.01 was consid-
ered statistically significant. Receiver-operative charac-
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Fig. 1. Electrophoregram of cholesterol fractions,
triglyceride fractions, apo B48 or apo B100. Apo

Anti apolipoprotein-B100
antibody

B48 and apo B100 were detected by
immunoblotting with anti -apo B48 or anti-apo B100
antibody. Sera were electrophoresed 4 hours after
fat load (Ofuto™)

HDL

VLDL MidBand LDL

Fig. 2. The representative densitometric scanning patterns for Chol/Trig Combo™.
(A): cholesterol stain (B): triglyceride stain (C): layer in A and B (D): an example of a
normolipidemic control subject, TC 202, TG 86, HDL-C 65, Mid Band-C 2.0, RLP-C < 2.5

{mg/dl)

teristics curve analysis was used to show performance
figures. For the computation and analysis of ROC curves,
we used the software program Med Calc, Ver. 6.01 (Med
Calc Software).

Resulis

Determination of MidBand

We established automatic-five-fraction on the strength
of the electric charge with apolipoprotein. The fraction
eluted between the VLDL and LDL fractions in agarose
gel electrophoresis of Chol/Trig Combo™ was defined
as MidBand.
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To confirm whether MidBand was rich in apoB48, se-
rum was selected 4 hours after the loading of fat (Ofuto™)
and electrophoresed and transfered to a nitrocellulose
membrane. Nitrocellulose membrane was immunoblotted
with anti-human apoB48 antibody and compared with
the electrophoregram of cholesterol fractions, TG frac-
tions and fractions immunoblotted with anti apoB100 an-
tibody. MidBand was rich in apoB48, and the LDL frac-
tion was rich in apoB100 {Fig. 1).

For example, agarose gels were stained for cholesterol
(Fig. 2A) or TG (Fig. 2B) after electrophoresis and ana-
lyzed by the automatic densitometer Chol/Trig Combo™.
After both patterns were imposed as shown in Fig. 2C,
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MidBand was determined as the fraction between LDL
and VLDL fractions. A representative profile of a
normolipidemic subject is shown in Fig. 2D. The MidBand
~cholesterol (MidBand-C) concentration was calculated
from the serum cholesterol level and percentage of
MidBand in the cholesterol fraction of the agarose gel
electrophoretogram.

Relationship among MidBand-C, RLP-C and
Lp(a)

To evaluate the relationship between MidBand-C and
RLP-C, we measured RLP-C concentrations of 64 sub-
jects and compared them to MidBand-C concentrations.
We selected 23 subjects with both a TC of less than 220
mg/dl and Lp(a) concentration of less than 30 mg/d| out
of the 64 subjects. As shown in Fig. 3 (yellow dot), there
was a significant positive correlation between concen-
trations of MidBand-C and RLP-C in subjects with a cor-
relation coefficient(r) of 0.95 (p < 0.001). However,
MidBand-C concentrations of hyperlipidemic patients
deviated from the standard line (Fig. 3, red dot and blue
dot). MidBand-C concentrations of subjects with high
Lp(a) levels were also high compared with RLP-C con-
centrations. As we have already reported, Lp(a) at levels
of more than 30 mg/d| migrates as a peak of cholesterol
between VLDL and LDL using this method (13). This po-
sition is the same as that of MidBand. Representative
elution profiles are shown in Fig.4. In sample A, the Lp(a)
concentration was 142 mg/dl showing a sharp MidBand-
C peak. Sample B was from a type IIb hyperlipidemic
patient and MidBand-C is the mid-band. Sample C was
obtained from a type III hyperlipidemic patient and had
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Fig. 3. Yellow dots: A significant positive correlation between
MidBand-C levels and RLP-C levels when TC < 220 mg/dl and
Lp(a) < 30 mg/dl.

Red dots: Lp > 30 mg/di

Blue dots: TC > 220 mg/di and Lp(a) < 30 mg/d!

RLP-C: Remnant-like particle cholesterol

a broad beta-band in the lipoprotein fraction. Sample D
showed the presence of chylomicron and a high con-
centration of VLDL-TG, indicating type V hyperlipidemia.

Comparison of MidBand-C levels of
normolipidemic subjects with patients with CAD

Table 1 shows a summary of the clinical characteristics
of the elderly control subjects and the patients with CAD.
Significant differences in HDL-C and MidBand-C con-
centrations were observed between the two groups in
each sex.

To elucidate the clinical significance of MidBand-C in
CAD, we measured the MidBand-C concentrations of the
patients with CAD. Mean MidBand-C concentrations
were 9.4 + 4.1 and 9.2 + 4.0 mg/dl in the male and fe-
male patients, and significantly higher than in control sub-
jects (p > 0.0001) (Fig. 5).

A ROC analysis was performed for MidBand-C, HDL-
C, LDL-C, TC and TG in the CAD patients and control
subjects in males (Fig.6) and females (Fig.7). The area
under the ROC curve (AUC) for MidBand-C in males and
females was 0.80 and 0.79, respectively, showing a sig-
nificant difference from that for LDL-C, TC and TG. ROC
curves of HDL-C and MidBand-C almost overlapped and
there was no significant difference.

Discussion

In the present study, we demonstrated that MidBand-
C concentrations analyzed by agarose gel electrophore-
sis and automatic densitometer showed a significant cor-
relation with RLP-C concentrations. MidBand is consid-
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Fig. 4. Densitometric scanning patterns of hyperlipidemia.

Patient A had type lla hyperlipidemia, and the mid-band; TC 311, TG 41, RLP-C 2.9,
MidBand-C 39.5, Lp(a) 142 mg/dl. Patient B had type IIb hyperlipidemia, and the mid-
band; TC 252, TG 264, RLP-C 9.0, MidBand-C 46.4 mg/dIl. Patient C had type III hyper-
lipidemia, and a broad beta-band in the lipoprotein fraction; TC 232, TG 342,RLP-C 12.0,
MidBand-C 58.0 mg/dl. Patients D had the type V hyperlipidemia, and an increase of
chiromicron; TC 167, TG967, RLP-C 71.0, MidBand-C 14.0 mg/dl.

Table 1. Clinical characteristics of CAD patients and eiderly control subjects

Men Female

control CAD control CAD

(n=35) (n=125) (n=45) (n=43)
Age (year) 66.1 £12.6 66.7 £ 9.6 63.7 £ 115 68.1 £9.3
TC (mg/d) 164.7 £30.7 169.3 £29.7 178.7 £22.3 173.3+24.5
TG (mg/di) 86.0 £28.8 92.2 £30.7 92.0 £23.4 98.5+28.3
LDL-C (mg/dl) 104.7 £24.2 103.9 +26.4 92.1 £20.8 10451225
HDL-C (mg/di) 61.31x14.4 42.4 £13.3* 69.4 £17.5 47.4 +13.9
MidBand-C (mg/dl) 52+23 9.4 41" 55+20 9.2 £ 3.9

*  Significantly different from the value of control men, p < 0.0001
#=* Significantly different from the value of control female, p < 0.0001

ered similar to the mid-band observed in polyacrylamide
gel electrophoresis (PAGE). However, it is not possible
to conduct a quantitative analysis of remnant lipopro-
teins by PAGE. Additionally, preparative and analytical
ultracentrifugation methods have been used to separate
VLDL and IDL. However these methods are labor-inten-
sive and complex. With our method using Chol/Trig
Combo™, the operation is simple and semi-automated.
Moreover, one is able not only to recognize the entire
lipoprotein profile but also to quantitate the cholesterol
and TG of MidBand that is equivalent to the IDL or rem-
nant lipoprotein. We demonstrated that the MidBand
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richly contained apo B48.

To investigate the relation between MidBand-C and
RLP-C, we measured RLP-C concentrations of 23 sub-
jects with both a TC concentration of less than 220 mg/
dl and a Lp(a) concentation of less than 30 mg/dl. In these
subjects, there was a significant correlation between RLP-
C and MidBand-C. Moreover, Lp(a) at levels of more than
30 mg/dl migrates as the same peak as MidBand-C.
These results suggested that MidBand-C reflected VL.DL
remnants and Lp(a). Both are known to be atherogenic.

We analyzed MidBand-C in 80 elderly control subjects.
To investigate the significance of the MidBand-C con-
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Fig. 5. Levels of MidBand-C in the elderly normolipidemic con-
trol subjects and the normolipidemic patients with CAD.
There was a significant difference in MidBand-C levels between

the control and CAD in each sex.
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Fig. 6. and Fig. 7. Receiver operating characteristic curves of MidBand-C, HDL-C, LDL-C, TC and TG
when used to discriminate between the patients with CAD and control subjects in males and females.

AUC: Area under the curve.

centration in CAD, we measured levels in 168 patients
with CAD. Mean MidBand-C levels of CAD patients (3.4
+ 4.1 mg/dl and 9.2 + 3.9 mg/dl in males and females,
respectively) were significantly higher than those of eld-
erly control subjects (5.2 + 2.3 mg/dl and 5.5 = 2.0 mg/
dl, p < 0.0001). Inthe ROC analysis performed on CAD
patients and control subjects, the AUC for MidBand-C
was 0.80 for males and 0.79 for females. In addition, the
AUC of MidBand-C was significantly higher than that for
LDL-C, TC or TG, suggesting that the elevation in the
concentration of MidBand-C could be a useful marker of
the risk of developing CAD.

99

Considering these results, measurements of MidBand-
C made using Chol/Trig Combo™ may be important to
evaluate the risk of CAD.

Conclusion

We defined MidBand as the fraction between LDL and
the VLDL fractions in Chol/Trig Combo™. MidBand-C
reflected the serum levels of RLP-C and Lp(a), and may
be an important index with which to estimate the risk of
CAD.
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Aim: Neuropsychiatric systemic lupus erythaematosus (NPSLE) is a serious treatment-resistant phenotype of
systemic lupus erythaematosus. A standard treatment for NPSLE is not available. This report describes the
clinical and laboratory tests of 10 patients with NPSLE before and after rituximab treatment, including
changes in lymphocyte phenotypes.

Methods: Rituximab was administered at different doses in 10 patients with refractory NPSLE, despite
intensive treatment.

Results: Treatment with rituximab resulted in rapid improvement of central nervous system-related
manifestations, particularly acute confusional state. Rituximab also improved cognitive dysfunction, psychosis
and seizure, and reduced the SLE Disease Activity Index Score at day 28 in all 10 patients. These effects
lasted for >1 year in five patients. Flow cytometric analysis showed that rituximab down regulated CD40 and
CD80 on B cells and CD40L, CD69 and inducible costimulator on CD4+ T cells.

Conclusions: Rituximab rapidly improved refractory NPSLE, as evident by resolution of various clinical signs
and symptoms and improvement of radiographic findings. The down regulation of functional molecules on B
and T cells suggests that rituximab modulates the interaction of activated B and T cells through costimulatory

disease characterised by multiple lesions induced by

activation of autoreactive T cells and overproduction of
autoantibodies by B cells. The involvement of the central
nervous system (CNS) in SLE is often intractable, complicating
the course of the disease in about 12-75% of patients with SLE.
The involvement of the CNS has a negative clinical impact with
a 5-year survival of 55-85% and is associated with poor
prognosis.' ? Neuropsychiatric systemic lupus erythaematosus
(NPSLE) exhibits a wide range of symptoms unrelated to SLE
activation, which include organic and mental disorders, often
associated with impairment of consciousness and/or convul-
sions. These organic disorders may become permanent,
eventually leading to long-term or irreversible decline in higher
mental functions.

CNS immune abnormalities have an important role in such
disease states. Therefore, a trial of intensive treatment,
including the combination of potent immunosuppressive
treatment and plasma exchange (PE), depending on the disease
type and its severity, may be advisable in an effort to control
autoreactive lymphocytes.**" Although the severity of NPSLE
correlates with prognosis, there is no established treatment
protocol and many cases are resistant to treatment making this
condition difficult to control.

This study describes the results of treatment of patients with
NPSLE who had previously failed to respond to various
immunosuppressants. Our approach was based mainly on the
use of anti-CD20 antibody (rituximab), a chimeric antibody
that directly targets B cells." "> Rituximab is a biological
preparation that eliminates B cells through a variety of
mechanisms such as antibody-dependent cellular cytotoxicity,
complement-dependent cytotoxicity and apoptosis. Rituximab
has recently been used for the treatment of a variety of SLE
disease conditions and good therapeutic response has been

Systemic lupus erythaematosus (SLE) is an autoimmune

Annals of the Rheumatic Diseases ar57885 Module 1 11/2/07 07:23:48

molecules. These results warrant further analysis of rituximab as treatment for NPSLE.

reported.”* We investigated the short-term and long-term
responses to rituximab treatment in 10 patients with NPSLE,
and report that some showed marked improvement following
rituximab treatment. Moreover, the results showed that
rituximab modulated the functional molecules of .activated
lymphocytes, implying the efficacy of anti-CD20 antibody
treatment for CNS lesions in patients with SLE, otherwise
resistant to other treatments.

MATERIALS AND METHODS

Patients

The study subjects were 10 patients who had been previously
diagnosed with SLE based on the American College of
Rheumatology criteria.'” The inclusion criteria were (1) the
presence of a highly active disease and (2) CNS lesions resistant
to conventional treatment. None of the patients showed
improvement in CNS-related symptoms in response to conven-
tional Immunosuppressive treatment such as intravenous
cyclophosphamide pulse treatment (IV-CY), cyclosporine A
(CsA), PE and immunoadsorption therapy. All patients
completed the course of anti-CD20 antibody treatment
described in this study. Patients 1-8, and patients 9 and 10
were treated at the University of Occupational and
Environmental Health Hospital and Kyoto University
Hospital, respectively, from 2000 to 2005. Informed consent
was obtained from all patients in accordance with the
regulations of the aforementioned two hospitals, and rituximab
was administered in accordance with the study protocol
approved by the ethics committee of each hospital.

Abbreviations: CNS, central nervous system; FACS, fuorescence-
activated cell sorter; NPSLE, neuropsychiatric systemic lupus
erythaematosus; PBS, phosphate-buffered saline; PE, plasma exchange;
SLE, systemic lupus erythaematosus; SLEDAI, SLE Disease Activity lndgei;
SPECT, single-pﬁoton-emission computed tomography
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Treatment protocol

Patients 1-5 and 10 were treated with 375 mg/m” rituximab
once a week for 2 weeks, and patient 9 received a single
administration of the same dose. Patients 6 and 7 received
500 mg rituximab once a week for 4 weeks, while patient 8 was
treated with 1000 mg once a week for 2 weeks. Blood pressure
and ECG were monitored within the first 3.5h of the
administration to check for any reaction to the drug infusion.

Assessment

Clinical symptoms and treatment-induced adverse reactions
were assessed before treatment, every week during treatment,
every week within 1 month after treatment and once monthly
thereafter. Laboratory tests included blood count, erythrocyte
sedimentation rate, liver and renal function tests, urinary
protein, serum complement titre and autoantibody level (such
as anti-ds-DNA antibody). To evaluate the impact of rituximab
on CNS lesions, we measured the immunoglobulin (Ig)G index
and interleukin (IL)6 level in the cerebrospinal fluid, MRI,
cerebral flood flow scintillator (single-photon-emission com-
puted tomography (SPECT), and '*FTG-positron emission
tomography. To assess SLE activity, the SLE Disease Activity
Index (SLEDAI) was determined before and after treatment.
The level of expression of functional molecules on the
lymphocyte cell surface was assessed by flow cytometry.

Flow cytometry

Mononuclear cells were isolated from peripheral blood using
lymphocyte separation medium (ICN/Cappel Pharmaceuticals,
Aurora, Ohio, USA). After washing twice with phosphate-
buffered saline (PBS), the cells were incubated in blocking
buffer (0.25% human globulin, 0.5% human albumin
(Yoshitomi, Osaka, Japan), and 0.1% NaNj; (Sigma Aldrich, St
Louis, Missouri, USA) in PBS) and left to stand in a 96-well
plate at 4°C for 15 min. In the next step, the cells were
incubated in 100 ul of fluorescence-activated cell sorter (FACS)
solution (0.5% human albumin and 0.1% NaN; in PBS) and
then treated with fluorescein isothiocyanate-labelled mouse
IgG, and antihuman CD40, CD69, inducible costimulator
(ICOS), CD19, CD4 (Pharmingen, San Diego, California,
USA), CD80 (Chemicon Europe, Chandlers Ford, UK), or
CD40L (Ancell, Bayport, USA) antibody, and left to react for
30 min at 4°C. The cells were washed three times with FACS
solution and analysed using FACScalibar (Becton-Dickinson,
San Jose, California, USA).

Statistical analysis

All data were expressed as mean (SD). Differences between
data collected before and after treatment were examined for
statistical significance using the Student’'s t test. p<0.05
denoted the presence of a significant difference.

RESULTS
Characteristics of patients
Table 1 summarises the NPSLE classification and laboratory
data of the 10 patients. All patients were females with a mean
(range) age of 31 (20-55) years. The mean (range) duration of
illness from the onset of SLE to administration of rituximab
was 9.6 years (3 months to 25 years). Immunosuppressants
used for treatment before enrollment in the rituximab protocol
included CsA, cyclophosphamide, mizoribine, and azathioprine.
In addition, five patients with intractable disease did not
respond to the combination treatment, and thus received PE as
well.

With regard to CNS-related symptoms, acute confusional
state was noted in 5, psychosis in 4, seizures in 2, mood
disorders in 2, and one patient each had headache, demyelinat-
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ing syndrome, myelopathy, anxiety disorder and cognitive
dysfunction, based on the NPSLE classification of the American
College of Rheumatology.” ' MRI findings included abnormal
signals in the cerebral white matter in six patients. SPECT
showed reduced cerebral blood flow in eight patients. Although
a high IgG index* was noted in five patients (>0.66), an
increase in IL6 was confirmed in only one patient.

Serious haemolytic anaemia, cardiomyopathy-associated
decreased cardiac function, muscle pain, mucocutaneous
disorders, peripheral neural deficits such as abnormal sensation
and neurogenic bladder were also seen in these patients, in
addition to the CNS-related changes (tables 1 and 2). In all
participants, conventional immunosuppressive therapy pro-
duced either no improvement of symptoms or only a poor
response. The SLEDAI values (range, 2-49) reflected the
presence or absence of organ system-specific activity, with
large scores representing involvement of CNS and low scores
reflecting haematological activity. In the present study,
involvement of organs was limited to those that could be
confirmed objectively, while subjective signs such as headache,
fatigue and paresthesia were not recorded. Thus, using this
approach, the SLEDAI scores of patients with objective signs
reflecting multiple involvement of CNS were high whereas
those of patients with subjective symptoms only were low. In
our study, patients 1 and 3 had multiple CNS signs, patients 1
(49 points) and 3 (37 points) had seizures, psychosis and
organic brain syndrome. On the other hand, patient 2 had MRI
abnormality in the medulla oblongata but had only paresthesia
as a subjective symptom (2 points), and patient 7 had MRI
abnormality in the dorsal medulla spinalis and paralysis of the
lower extremities, mood and anxiety disorders. However, the
SLEDAI scores of both patients were based on subjective
symptoms, and thus the scores were low (2 and 3, respectively).

Clinical outcome

At the start of rituximab treatment, patients were treated with
low to moderate doses of corticosteroids (1540 mg of
prednisolone, 1-3 mg betamethasone), and continued to use
this treatment during the rituximab arm of the study. However,
immunosuppressants were stopped at entry to the study in all
patients except for patient 8 who continued her treatment of
50 mg azathioprine. The postrituximab follow-up period was 7-
45 months. Table 2 provides details of the clinical symptoms
and laboratory tests before and 28 days after rituximab
treatment (unless otherwise indicated in the tabls:
Improvement in the skin and mucocutaneous lesions was fz. .
and the ejection fraction recovered from 44% to 72.1% ::
patient 4. All patients showed improvement in haematopen:»
and complement titre and marked falls in PE-resistart
autoantibodies after treatment. Analysis of SLE activity before
and after the treatment showed a significant decrease in
SLEDAI from 19.9 (range, 49-2) before treatment to 6.2 (range,
15-0) after treatment (p =0.013, fig 1). Moreover, SLEDAI
decreased to 0 in 9 of the 10 patients at 1-6 months after
rituximab treatment.

Rituximab treatment was also effective against CNS lesions
in all patients. In particular, the consciousness state of all the
five patients who were in acute confusional state before
treatment, improved rapidly after the treatment. For example,
the GCS score of patient 1 improved from 7-11 to 15 after
S days of treatment, and that of patient 2 from 3 to 14 after
2 days of treatment. This rapid recovery was clinically
significant. In addition, even in three patients who were in a
dazed state and needed to be woken up before rituximab
treatment, became alert the next day (patient 2) or after a few
days of treatment (patients 9 and 10). Furthermore, rituximab
also improved neuropsychiatric symptoms such as psychosis
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Table 1 Characteristics of 10 female patients with neuropsychiatric systemic lupus erythaematosus at study entry

AlHA, haemolytic
' .

P

Lobin: 1A,

phion; MTX, methotrexcte; MZ, mizoribine; PE, plasma exchange; SLE-DAI, Systemic lpus Erythaematosus Disease Activity Index; VCR, vincristine.
For IV-CY, PE and IA, numbers in parentheses represent the number of freatments. For CS, CsA, AZ and MZ, the doses in parentheses represent maximum dosage. For VCR in patient | and MTX in patient 7, the dose

in parentheses expresses total dosage.

Age Duration of 1gG index /16 {pg/
Patient  {yeors) disease  Previous trectment NP dassification MRI/SPECT wml) Clinical manifestations SLEDAL
CS (40 mg, pulse 14}, V-CY (22], VCR
{10 mgl, CsA {300 mg, 3 years}, AZ Fever, fatigue, nephritic
{100 mg, 2 months), MTX {8 mg/w, Acute confusional state, seizure, syndrome, levkopenia, low Hb,

1 35 19 years 4 months), PE {11}, 1A {15} psychosis Normal/abnormal Not done/not done high ESR, CH50, anti-ds DNAT 49
Paresthesia of fingers, severe

2 55 25 years  CS {40 mg, pulse 3), IV-CY (7}, PE {2} Acute confusional stote 11, tit/ abnormal 0.731/138 AIHA, anti-ds DINA § 2
teukopenia, low Hb,
thrombocytopenia, proteinuria,

3 46 I months  CS {50 mg}, V-CY {1}, PE {2), A (3) Acute confusionol state, seizure I, 1/ abrormal 0.46/33.81 AlH, anti-ds DNA 37
Fever, fatigue, skin rash, clopecio,
cardiomyopathy, polyneurcpathy,

4 20 1 year CS {50 mg), CsA {175 mg, | m} Headache Normal/not done 1.051/3.1 levkopenia, C4 | , anfi-ds DNAT 14
Sensory deficit, photosensitivity,

CS {60 mg), IV-CY (8}, MZ {150 mg, mouth uker, fymphocytopenia,

5 34 3 years 25 months} Demyelinating syndrome i, B1/normol 0.851/0.9 C4l 16
Polyneuropathy, muscular pain,
skin rash, leukopenia, anti-ds

é 30 22 years  CS {40 mg), MZ (150 mg, 22 yeors) Mood disorder Normal/cbnormal 0.54/1.5 DNA T 17

CS {60 mg, pulse J), IV-CY {14}, MTX Myelopathy, mood disorder,

7 21 7 yeors {intrathecal 30 mg), MZ {300 mg, 2 years)  anxiety disorder 1, It/ abnormal 0.801/47 Periungual erythaema, leukopenic 3
Lymphodenopathy, alopecio,

8 20 9 months  CS (45 mg}, IV-CY (6), AZ{50 mg, T month) Psychosis, cognitive dysfunction  Ii/abnormal 0.56/1.0 malor rash, lymphocytopenia 18
Fever, ymphadenopathy, low Hb,

Acute confusional skate, lymphocytopenio, high ESR, onti-
9 20 8 months  CS, CY, DFPP psychosis 1ii/abnormal 0.981 /4.2 Smt 28
Acute confusional state,

10 29 17 years  CS, AZ, CsA, CY, PE psychosis Normal/abnomeal 0.60/2.4 Severe AIHA, CH50 | 18

The disease activity was high in oll patients and none had responded to c ional i ppressants.

AZ ine; CS, corti id; CsA, cyclosporine; CY, cyclophosphamide; DFPP, double fillration plasmopheresis; ESR, erythrocyte sedimentation rate; Hb,

Table 2 Clinical outcomes of neuropsychiatric systemic lupus erythaematosus after anti-CD20
antibody treatment
Other CNS manifestations
treatments at Objective NPSLE
Dose of study eniry findings after Duration of
Patient  rituximab (mg} before after freatment remission {m}
2 Consciousness Complete recovery
! 375 mg/m” day gy 1.0 disorder, seizure, (GCS 7-1115/5 Improvementof - 5
¢ psychosis days)
9 375 mg/m? day Bet 1.5 Consciousness lmprqved No follow-up dafa 18
1,15 disorder consciousness
3 375 mg/m? day Bet 1.0 Consciousness Complete recovery No improvement inyy
.8 - disorder, seizure  (GCS 3—14/2 days)MRI and SPECT
i } ed IgG
5 . mproved Ig
4 ?72 mg/m*day | pSL20  Headache Eg;‘g'”"ﬁ“ of index (105 29
’ ache —0.84/4 w}
2 Paresthesia of .
5 375 mg/m? day Bet 1.25 fingers, foes and IeﬂResoluhmT of Improvement of 7
.8 ) paresthesia neck MRI
precordial-back
4 500 mgday 1, B’Bet 25 Depressive state,  Improvement of Improvement of 7
15,22 . insomnia depressive state SPECT
Paresis of both Reduction of paresis, Isr?’gglemenf of
500 mg day 1, 8, lower limbs, muscle improvement of ; 4
7 Bet 1.25 ; improvement of 14
15,22 weokness, depressive state {sDS, oG index (0.80
depressive stafe  58—50/2 w) :
—0.72/3 m)
. ... Improvement of
8 :(5)00 mg day 1, 290? 1.25, AZ Ssyzf;ltuo:;.s, cognitive psschosis (BPRS gggement of n
ysfunction 26-7/8 w)
Consciousness Improvement of
disorder, psychosis, PE? and MRI
2 ; ,
9 375 mg/m* day PSL 45 paresis of both Complete recovery  improved IgG 10
1 lower limbs, P Y index (0.98
neurological oe 51/2
bladder - wl
Consciousness .
9 . No significant
10 375 mg/m* day Bet 3 S'Sﬁ’dizﬁ Complete recovery  improvement in 4
' c;:;;lexy o obijective findings
Bet, betamethasone; BPRS, brief psychiatric rafing scale; CNS, central nervous system; GCS, Glasgow Coma Scale; m-
PSL, methylprednisolone; MRI, magnetic resonance imaging; NPSLE, neuropsychiatric systemic lupus erythaematosus;
PET, 18FTG-positron emission tomography; PSL, prednisolone; SDS, self-rating depression scale; SPECT, single photon
emission computed tomography. For other abbreviations, see table 1.
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Figure 1 Systemic lupus erythaematosus disease activity index (SLEDALY)

score before and 28 days after rituximab treatment. A decrease in SLEDAI
score was detected in 9 of the 10 patients. Data are mean (SD). *p<<0.05.

and mood disorder within a few weeks to a few months after
treatment. For example, the Brief Psychiatric Rating Scale,
which is used for the assessment of schizophrenia, markedly
decreased in patient 8 from 26 to 7 points within 2 months,
together with recovery of communication skills. In addition,
patients 1 and 9 showed rehabilitation into society after
rituximab treatment although they had serious neuropsychia-
tric symptoms before treatment. In addition to the improve-
ment in SLE activity and clinical symptoms, rituximab also
improved the quality of life of the patients.

We also assessed the effects of rituximab treatment by
comparing the findings of MRI and SPECT before and after
treatment. In four patients (patients 1, 6, 7 and 8), rituximab
treatment improved cerebral blood flow as determined by
SPECT; in patient 1, such improvement was noted at the early
stage of treatment and paralleled the improvement in clinical
symptoms. For patient 5, rituximab treatment resulted in
improvement in the abnormal findings in T2-weighted images
of the cervical cord on MRI, along with the improvement in
sensory deficits due to inflammation at the same site. For
patient 9, rituximab treatment resulted in reduction of the
high-intensity lesion in the head MRI T2-weighted image.

Five of our patients had peripheral neuropathies in addition
to CNS lesions. Treatment with rituximab resulted in remission
or marked improvement of paresthesia in patient 2, radiculo-
pathy in patient 4, ulnar neuropathy in patient 6, and
neurological bladder in patient 9. Rituximab also improved
quality of life based on improvement of peripheral neuropathy-
related symptoms although such symptoms tended to persist
after treatment.

While the overall therapeutic effect of rituximab was
excellent, some patients developed relapse after long-term
remission. Six of the 10 patients showed reactivation of SLE
including reappearance of CNS-related symptoms. For patient
1, remission was maintained with low-dose steroid for
22 months after rituximab treatment. However, the patient
showed recurrence associated with an increase in autoantibo-
dies and proteinuria. Recurrence was also noted 18 months
after treatment in patient 2, associated with haemolysis. Both
patients 1 and 2 required retreatment with rituximab. At
23 months after completion of rituximab treatment, patient 3
showed worsening of the head MRI findings and cerebrospinal
fluid abnormalities and developed witnessed seizure attacks. In
patient 5, a reduction in the steroid dose was followed by
recurrence of CNS-related symptoms after 7 months.
Generalised skin rashes appeared in patient 9 after 10 months
and patient 10 reported worsening of lupus headache after
4 months. Patients 3 and 5 received IV-CY treatment, and
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patient 9 and 10 required an increase in the steroid dose.
However, four patients (patients 4, 6, 7 and 8) maintain a
remission state at the time of writing this report (at 35 months
in patient 4, at 7 months in patient 6, at 19 months in patient 7
and 16 months in patient 8) after the completion of rituximab
treatment.

Adverse effects

Of the 10 patients, two developed pneumonia, one had herpes
zoster, one developed chickenpox and one had intractable
infection of decubitus ulceration. These infections were

successfully controlled with antibiotics.

Phenotypic analysis of SLE lymphocytes

T cells and B cells are activated by antigen stimulation via T cell
receptors and signals from costimulatory molecules. The
responsible costimulatory molecules, such as CD40/40L, CD80,
CD86/CD28 and ICOS/B7h, are known to be expressed in
patients with active SLE*™¢

We performed serial analysis of the expression of functional
molecules in eight patients with SLE before and after rituximab
treatment by flow cytometry. Rituximab treatment resulted in
rapid disappearance of CD20, a specific antigen to B cells,
marked decrease in CD19-positive cells, within several days to
2 weeks after treatment. Rituximab also resulted in rapid falls
in the percentages of CD40-expressing and CD80-expressing
CD19 cells within 1 day and both were hardly detected after tk.2
second day (fig 2). The expression levels of these molecules
were still low at 3 months after completion of rituximab
treatment.

We also assessed the effects of treatment on the expression
levels of CD40L (a costimulatory molecule on CD4-positive
cells), ICOS and CD69 (an early activation antigen). While only
three patients showed high expression of these molecules
before treatment, rituximab treatment reduced the expression
levels of these molecules in all three patients (fig 3), suggesting
that rituximab does not only affect B cells but also T cells in
patients with SLE.

DISCUSSION

To date, reports on rituximab treatment for autoimmune
diseases have covered various conditions, including RA, SLE,
dermatomyositis, Sjogren’s syndrome and vasculitis. ¥
Rituximab treatment resulted in improvement, manifested by
a decrease in the British Disease Activity score and SLE DAI
score, of arthropathy, nephropathy, thrombocytopenia and
haemolytic anaemia.""*

Although few reports described the efficacy of rituximab
treatment in patients with SLE with CNS lesions," " *' to our
knowledge, there are no published reports that provide detailed
analysis of the effects of such treatment in a large group of
patients. Rituximab has a large molecular weight of 146 kDa,
and hence cannot readily cross the blood-brain barrier;
therefore, it is unlikely to reach the cerebrospinal fluid
following systemic administration. We measured rituximab
concentration in the cerebrospinal fluid of patient 8 at 24 h
after treatment. The value (0.3 pg/ml) was slightly higher than
the lower detection limit of the assay, whereas the serum
concentration was 279 pg/ml. Based on this finding, we assume
that the central effects of rituximab are mediated through
another mechanism, not through antibody-dependent cellular
cytotoxicity and/or complement-dependent cytotoxicity.*

To assess autoreactive lymphocyte activity, we determined
the expression of various functional molecules on the surface of
peripheral blood lymphocytes before and after rituximab
treatment by using flow cytometry. We previously proposed
that rituximab could regulate SLE disease activity and correct
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100 Figure 2 Serial changes in CD40 and
o CD80 expression on CD19-positive cells
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autoimmune abnormalities.”” The present results showed a
rapid decrease in the expression of functional surface molecules
and maintenance of long-term control following rituximab
treatment (fig 2). Specifically, a marked decrease in the
proportion of CD40-expressing and CD80-expressing cells was
detected on the day after initiation of rituximab treatment. In
this regard, Leng et al”’ found CD40 overexpression in CD19
cells in patients with rheumatoid arthritis compared with
healthy controls. Others also reported that the percentage of

Day O

CD40L 1000 1000

Patient 2
0

CD69
Patient 6

ICOS
Patient 7

0 1000

CD80-positive cells among activated B cell subset was higher in
SLE than the controls.*™ These results suggest that the target of
rituximab treatment is activated B cells. Anolik ef a/>* examined
B cell phenotypes after rituximab treatment and reported that
the proportion of autoreactive memory B cells was decreased
after rituximab treatment. Considered together, the above
results and those of the present study suggest that T cell
activation is negatively influenced by a rapid decrease in B cell
to T cell stimulation in parallel with the loss of B cells. Qur

Figure 3 Changes in expression of
functional molecules on CD4-positive cells
induced by rituximab treatment. The
expression of CD40L {patient 2), CD49
{patient 6) and ICOS {patient 7} on CDA4-
positive cells was measured before (day 0}
and 28 days after rituximab treatment.
Percentages represent the percentage of
CD4-positive cells expressing the functional
molecules.

Day 28

o 1000
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results also showed that rituximab down regulated CD40L,
1ICOS and CD69 on CD4-positive cells in patients with active
SLE (fig 3). Sfikakis et al** also reported that rituximab
treatment decreased CD40L and CD69 expression in patients
with SLE. These results imply that rituximab could eliminate B
cells bearing functional molecules and inhibit the interaction
between these B cells and activated T cells by down regulating
costimulatory molecules, and also possibly by reducing the
production of certain cytokines and complement activation,
which could lead to rapid improvement of CNS manifestations
of the disease.

At present, there is no treatment strategy for patients with
NPSLE who fail to respond to conventional therapies. In such
patients, large doses of steroids are provided on long-term
basis, and IV-CY is administered continuously. Our study
showed that rituximab is useful as a new treatment for such
cases. However, recurrence after rituximab treatment was
noted in our patients, as has been reported previously in
patients with rheumatoid diseases.”® Two of our patients who
experienced recurrence received rituximab re-treatment.
However, these patients experienced recurrence at 18 and
22 months after rituximab treatment, suggesting that remis-
sion could be maintained for a comparatively long period of
time with rituximab treatment. Further studies are needed to
develop strategies for the prevention of recurrence and counter
measures for inhibiting the production of antichimeric anti-
bodies.’” ** There is also a need to investigate the long-term
effects of rituximab treatment and its organ specificity.
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Abstract We present an interesting case of recurrent para-
lytic ileus due to strongyloidiasis in a woman who was being
treated with corticosteroids and immunosuppressants for
systemic lupus erythematosus (SLE). She was also a carrier
of human T-cell leukemia virus type I. She had a history of
strongyloidiasis 8 years earlier. Recurrent episodes of para-
lytic ileus due to strongyloidiasis occurred during treatment
of her SLE with corticosteroids. Ivermectin was given and
improved the symptoms. This case shows that symptomatic
strongyloidiasis can be induced in immunocompromised
hosts by immunosuppressive therapy. It is important to rule
out strongyloidiasis prior to starting immunosuppressive
therapy in patients from endemic areas.

Key words Corticosteroids - Cyclophosphamide - Human
T-cell leukemia virus type I (HTLV-I) - Paralytic ileus -
Strongyloidiasis - Systemic lupus erythematosus (SLE)

Introduction

Strongyloidiasis is a disease of tropical regions, so the en-
demic areas in Japan are Okinawa and Amami. Strongy-
loides stercoralis infection is observed in 11.2% of the
inhabitants of these regions.! Many of the symptomatic
patients are considered to be immunocompromised hosts.
Patients with strongyloides can develop ileus, protein-
losing enteropathy, and diarrhea, especially when treated
with immunosuppressanis or corticosteroids, while severe
strongyloidiasis is occasionally fatal as a result of systemic
infection. We report an interesting case of strongyloidiasis
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in a woman from Okinawa. She had a history of strongy-
loidiasis 8 years earlier. When she was treated with corticos-
teroids for systemic lupus erythematosus (SLE), recurrent
paralytic ileus occurred and was later revealed to be due to
strongyloidiasis. Ivermectin was given and improvement of
her symptoms was noted. Immunosuppressive therapy with
steroids or chemotherapeutic agents may cause symptom-
atic strongyloidiasis in susceptible patients.

Case report

A 54-year-old Japanese woman was admitted to Kitasato
University Hospital for evaluation and treatment of lupus
nephritis on February 2004. She had been born in Okinawa
Prefecture. In 1976, she emigrated to Brazil and worked as
a farmer. In 1986, she returned to Japan and lived in
Kanagawa Prefecture as a housewife. From 1990, she noted
episodes of abdominal fullness, but these improved without
treatment. In April 1994 she visited a local hospital, suffer-
ing abdominal distension and pain for ileus.

Because she continued to have episodes of abdominal
distension, she attended the Department of Gastroenter-
ology at Kitasato University East Hospital in September
1994. Gastroduodenoscopy showed enteritis, and Strongy-
loides larvae were identified in mucosal specimens obtained
by biopsy, so she was diagnosed as having paralytic ileus
due to strongyloidiasis. In December 1994, she was treated
with mebendazole (100mg twice a day). Treatment was
continued intermittently over about 8 months. After the
completion of treatment, stool examination did not detect
strongyloides.

In 2000 she visited a local hospital, with a respiratory
tract infection. Blood tests were performed and thrombocy-
topenia was noted. She was referred to the Department of
Rheumatology at Kitasato University Hospital. Systemic
lupus erythematosus was diagnosed by polyarthritis and
laboratory tests (positive for antinuclear antibodies and
anti-DNA antibodies, as well as having pancytopenia). In
2001, her polyarthritis and pancytopenia worsened, so she

107



started treatment with prednisolone (PSL) at 15mg/day. In
February 2004 (the PSL dose was 8 mg/day), urinalysis re-
vealed red blood cell casts and proteinuria. In September,
she was admitted to our hospital for evaluation and treat-
ment. Physical examination showed a middle-aged woman
with a temperature of 36.0°C, heart rate of 62 beats/min,
respiration rate of 14 breaths/min, and blood pressure of
158/92 mmHg. No pulmonary or abdominal abnormalities
were found. She had noted a weight gain of 2kg (her weight
was 51.9kg) and pretibial edema. The electrocardiogram
and chest X-ray film were normal. On admission, laboratory
tests showed a hemoglobin of 9.0 g/dl and a white blood cell
count of 4600/ut (81.9% neutrophils, 12.1% lymphocytes,
2.0% eosinophils, and 4.0% monocytes). Urinalysis showed
3+ proteinuria and 2+ hematuria. Examination of the sedi-
ment showed 8-10 erythrocytes per high-power field, 5-10
leukocytes per high-power field, granular casts, and hyaline
casts. She also had proteinuria (5.5g/day), a total protein
of 5.5g/dl, serum albumin of 2.5g/dl, serum creatinine of
0.8mg/dl, and daily creatinine clearance of 54.7ml/min.
Stools were negative for occult blood and microscopy of a
stool sample was not performed. The complement levels
were normal: C3 was 71mg/dl (normal: 76-160), C4 was
9mg/dl (normal: 14-44), and CH,, was 191U/ml (normal:
25-45). Antinuclear antibody was positive at a titer of
1:1280 (both the homogeneous type and the speckied type).
Anti-DNA antibody was also positive at 77 IU/ml, but HBs
antigen and anti-HCV antibody were negative. Ultrasonog-
raphy showed normal-sized kidneys and no ascites or peri-
cardial effusion.

Percutaneous renal biopsy was performed 14 days after
hospitalization, and was diagnosed as lupus nephritis (Class
IV-S(A/C): active and chronic lesions: diffuse proliferative
and sclerosing lupus nephritis in the 2003 classification of
lupus nephritis). She was treated with methylprednisolone
(mPSL) at 500mg for 3 days, followed by prednisolone at
50mg/day. On the 40th hospital day, her proteinuria de-
creased to 2 g/day and there was 1+ hematuria. Because of
sustained proteinuria, she was treated with intravenous
cyclophosphamide (500mg) on the 47th hospital day. On
the 68th hospital day, she developed vomiting. On examina-
tion, no bowel sounds were heard. Abdominal X-ray films
showed an abnormal gas collection in a large and small
bowel with niveau under the diagnosis of paralytic ileus
(Fig. 1). Conservative treatment was provided (fasting, con-
tinuous suction through a nasogastric tube, and intravenous
infusion). Her symptoms improved after gastric tube inser-
tion, but stool examination was performed because there
was a history of strongyloidiasis. Stools were positive for
occult blood, and microscopic examination of a stool
sample revealed Strongyloides larvae (Fig. 2A,B). On the
71st hospital day, gastroduodenoscopy showed duodenal
inflammation, and biopsy revealed Strongyloides larvae in
the mucosa. Paralytic ileus due to strongyloidiasis was diag-
nosed, and she was given 6mg of Ivermectin on the 70th
and 84th hospital days. Microscopic examination of a stool
sample demonstrated no Strongyloides larvae on the 84th
hospital day. Then it was noticed that her human T-cell
leukemia virus type I (HTLV-I) antibody titer was >356.

45

Fig. 1. X-ray film of the abdomen showed niveau of the small intesiipe,
the so-called herring-bone sign

T

Fig. 2. A Rhabditiform larva of Strongyloides stercoralis separated
from the stool of the patient. B The larva had a muscular esophageal
structure, indicated by the arrow
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Peripheral blood adult T-cell leukemia (ATL) cells were
negative throughout the clinical course. We gave a second
intravenous cyclophosphamide pulse (500mg) on the 96th
hospital' day and microscopic examination of a stool sample
subsequently demonstrated no Strongyloides larvae. On the
100th hospital day, she was discharged on PSL at 15mg/day.
Urinalysis showed 1+ proteinuria (0.7 g/day) and 1+ hema-
turia, while the sediment contained 1-5 leukocytes per high-
power field. Other tests showed the following: total protein
5.4g/dl, serum albumin 3.6g/dl, serum creatinine 0.6mg/dI,
and daily creatinine clearance 74.8 ml/min. The C3, C4, and
CH;, levels were 61 mg/dl, 14 mg/dl, and 281U/ml, respec-
tively, and anti-DNA antibody was positive at 31U/ml.
Since the patient’s discharge from hospital, larvae have not
been discovered in the stool.

Discussion

Strongyloidiasis is a parasitic infection caused by Strongy-
loides stercoralis, which is distributed widely in tropical
and subtropical areas. South Kyushu and Okinawa are the
regions where it commonly occurs in Japan, and it was
reported that strongyloidiasis affects 11.2% of the inhabit-
ants.' Strongyloides stercoralis has two parts to its life cycle:
free-living and parasitic. Infectious filariform larvae invade
percutaneously and travel via the blood or lymph to the
lungs. After passing into the airways, the larvae are swal-
lowed and then inhabit the mucosa of the duodenum and
proximal jejunum. In addition, so-called autoinfection oc-
curs when filariform larvae metamorphose in the bowel and
reinfect the bowel. The infection thus continues throughout
life or for many years with new generations of parasites
owing to autoinfection. Disseminated strongyloidiasis can
occur when the host becomes seriously ill.* To make a diag-
nosis of strongyloidiasis, the parasite should be detected in
the stools or duodenal juice, or the ova should be found. In
addition, endoscopic examination may allow diagnosis by
detecting parasites in the duodenum, or by biopsy of atypi-

cal inflammatory changes of the jejunal mucosa.’ In our
present case, we were able to prove the diagnosis by stool
examination and duodenal biopsy. Symptoms of strongy-
loidiasis are not specific, but diarrhea, loose stools, abdomi-
nal pain, malaise, and loss of weight are common.’ In severe
cases, paralytic ileus can develop. Paralytic ileus in our case
may have been caused by massive intestinal infestation with
Strongyloides stercoralis.*

There have been 25 reported cases of strongyloidiasis-
related ileus (15 in Japan and 10 in foreign countries). The
age at diagnosis was 2-82 years, with elderly and middie-
aged (>50 years old) patients accounting for about half.
There were 15 males and 10 females. Recurrent ileus was
not reported overseas, but was found in 3/15 cases in Japan.
The risk factors for strongyloidiasis include (1) immunosup-
pressive therapy (chronic steroid administration), (2) malig-
nancy, (3) immune deficiency (malignant lymphoma, adult
T-cell leukemia/lymphoma, etc.),’ (4) organ transplanta-
tion, (5) surgery, (6) pregnancy/delivery, (7) nutritional
deficiency and chronic alcoholism, and (8) other causes
(diabetes mellitus, SLE, anti HTLV-1 antibody).® Among
these factors, immunosuppressive therapy was performed
for 4/15 cases in Japan and 4/10 overseas. In addition,
HTLV-I antibody was positive in 6/15 cases in Japan, but
was negative (or not investigated) in the overseas cases.
Okinawa is an endemic area for HTLV-1. Nakada et al.
reported that 39% of patients with Strongyloides stercoralis
infestation were positive for HTLV-I proviral DNA, and
suggested that Strongyloides and HTLV-I-infected cells or
HTLV-1 itself may interact with each other, or that depres-
sion of cell-mediated immunity by HTLV-I allows the de-
velopment of Strongyloides hyperinfestation.” Our patient
was also seropositive for HTLV-1.

Systemic lupus erythematosus patients are immuno-
compromised hosts, but they rarely develop strongyloidi-
asis, and we found only 10 reports during our search of the
literature (Table 1).*'" The duration of SLE before the
onset of strongyloidiasis was variable (5 weeks to 12 years),
but all of the patients reported therapeutic contents were
using corticosteroids. Symptoms that resembled those of

Table 1. Case reports of Strongyloides stercoralis in patients with systemic lupus erythematosus

Sex Age Disease Therapy Nematode search Outcome Area First
(years) duration specimen author™*
F 18 NR PSL 60mg/day + IVCY Stool, sputum Survived Australia Potter®
fg/month
NR NR 3y NR NR Died USA Lemos’
F 38 2y PSL 20mg/day Blood vessel Died UsA Reiman
F 67 ly PSL 5mg/day Sputum, stomach, Died Japan Setoyama''
intestines
F 44 12y NR Sputum, ducdenum, Died Argentina Finkielman"
lymph node
F 43 4m PSL Sputum, stool Died USA Livneh"
M 59 7y PSL 30mg/80mg Stool, sputum Survived USA Wachter"
(alternative day) i
F 43 2y PSL 30 mg/day NR Survived USA Webster"”
M 66 Sw PSL 120 mg/day Jejunum Survived USA Berger'*
M 23 3y PSL 60mg/day Duodenum, stool Survived USA Rivera
F St 4y PSL 35mg/day Duodenum, stool Survived Japan Present case

Age, age at onset of disease; NR, not recorded: PSL, prednisolone; [VCY, intravenous cyclophosphamide; y, years; m, months; w, weeks
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SLE were found occasionally, such as abdominal pain,
respiratory failure, and cerebral disease. Accordingly, when
we encounter such symptoms, we have to distinguish a flare-
up of SLE disease activity from strongyloidiasis. The
present patient was diagnosed as having active SLE and was
treated with high-dose corticosteroids and intravenous
cyclophosphamide pulse therapy. This treatment plus
being an HTLV-1 carrier induced the development of
strongyloidiasis.

Strongyloidiasis causes anemia, eosinophilia, hypocho-
lesterolemia (due to abnormal fat absorption), and hypoal-
buminemia (due to protein-losing enteropathy)." Anemia
and hypoalbuminemia were found in our patient, but there
is a possibility that these changes developed with increased
SLE activity (lupus nephritis, etc.), and distinguishing
the symptoms of SLE from strongyloidiasis is difficult.
Although our patient had the nephrotic syndrome, her
cholesterol level was lower at the time of hospitalization,
so we cannot exclude the possibility of latent Strongyloides
stercoralis infestation. On the other hand, eosinophilia is
not found in serious cases' or cases treated with corticos-
teroids,” even if there is infestation with Strongyloides
stercoralis. Because eosinophilia was not found in our case,
it seems difficult to judge the presence or absence of
Strongyloides stercoralis only on the basis of eosmophlha in
patients on systemic steroid therapy.

In recent years, the occurrence of nephrotic syndrome
due to strongyloidiasis itself has been suggested. Mori et
al.* reported a nephrotic syndrome patient with eosino-
philia who developed ileus, epigastralgia, and malabsorp-
tion due to strongyloidiasis. Percutaneous renal biopsy
revealed minimal change nephrotic syndrome and the
patient recovered with Thiabendazole treatment. In the
present case, rather than strongyloidiasis, it seems likely
that nephritis was a symptom of SLE, because it developed
along with markers of increased disease activity such as an
increased anti-DNA antibody titer, hypocomplementemia
and renal pathological findings.

As pharmacotherapy for this patient, we used Ivermectin
(6mg) orally twice every 2 weeks. No Strongyloides larvae
Wwere seen on microscopic examination of stool samples
after the first treatment on the fourth day. In recent years,
oral Ivermectin has been increasingly used for strongyloidi-
asis,” but it is clear that its efficacy is lower in patients with
a greater disease burden.”

In conclusion, our case emphasizes that immunosup-
pressed individuals treated with immunosuppressants
should be assessed for possible parasite infestation by stool
examination prior to starting therapy, if the patient was a
resident or born in endemic areas.
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The aberrant production of precursor IL-1a (pre-lL-1a) in skin
fibroblasts that are derived from systemic sdlerosis (SS¢) is associ-
ated with the induction of IL-6 and procollagen, which contributes
to the fibrosis of SSc. However, little is understood about how
intracellular pre-iL-1a regulates the expression of the other mol-
ecules in fibroblasts. We report here that pre-iL.-1a can form a
complex with IL-1a-binding proteins that is translocated into the
nuclei of fibroblasts. Immunoprecipitation that used anti-human
ILl-1a Ab and 35S-labeled nuclear extracts of fibroblasts showed
three specific bands (=31, 35, and 65 kDa). The 31-kDa molecule
was identified as pre-lL-1a, and the 35- and 65-kDa molecules
might be pre-lL-1a-binding proteins. A partial sequencing for the
10 aa from the N-terminals of the molecules showed 160% homol-
ogy for HAX-1 (HS1-associated protein X-1) and IL-1 receptor type
1 (IL-1RH). Suppression of the genes of HAX-1 or IL-1Rll induced the
inhibitory effects of IL-1 signal transduction, including production
of IL-6 and procollagen, by fibroblasts. In particular, pre-iL-1a was
not translocated into the nucleus by an inhibition of HAX-1. These
findings reveal that nuclear localization of pre-lL-1a depends on
the binding to HAX-1 and that biological activities might be elicited
by the binding to both HAX-1 and IL-1Rll in SSc fibroblasts.

IL-1 receptor type Il | HS1-associated protein X-1 | fibrosis | collagen | IL-6

ystemic sclerosis (SSc) is a connective tissue disease of

unknown ectiology that is characterized by the fibrosis of
systemic organs (1). Because skin thickening manifests in most
patients, researchers have analyzed the molecular and biological
functions of lesional skin fibroblasts that are derived from SSc
patients (2). In previous reports we demonstrated that SSc
fibroblasts expressed Il-1a mRNA constitutively and that ab-
errant production of precursor IL-1a (pre-IL-1a) contributed to
skin fibrosis in SSc (3-5). IL-1a is a multifunctional molecule
that is involved in a variety of inflammatory disorders, including
sepsis, arthritis, myositis, psoriasis, periodontitis, and Alzhei-
mer’s disease (6). Pre-IL-1« is synthesized as a result of the
transcription and translation of the IL14 gene. Under some
circumstances, pre-IL-1a (31 kDa) is proteolytically cleaved to
yield 2 mature form of IL-la (17 kDa) (7). Because the
N-terminal propiece of pre-IL-1a (NTP-IL-1a) contains a nu-
clear localization sequence (NLS), pre-IL-1a can be translocated
into the nucleus, whereas mature IL-1« can be released from
cells (8).

This pathway is complicated, however. The signal transduction
of IL-1ais initiated by the binding of IL-1a (precursor or mature
form) to cell-surface receptors on various cells (IL-1 receptor
type I and IL-1 receptor accessory protein) (9, 10). The intra-
cellular accumulation of pre-IL-1e in skin fibroblasts suggests an
alternative pathway. Only a few studies, including ours, have
reported the biological effects of intracellular IL-1a in fibro-
blasts and endothelial cells (11-15). Although the precise path-
way of signal transduction was not determined in those studies,
the authors speculated that intracellular pre-IL-1a might exhibit

www.pnas.org/cgi/doi/10.1073/pnas.0603545103
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a biological function directly and that the pathway of signal
transduction might be distinct from the pathway that was me-
diated by binding the specific receptors. Our previous study (5)
revealed that intracellular pre-IL-la directly influenced the
phenotype of SSc fibroblasts. These observations prompted us to
explore the mechanism whereby intracellular pre-IL-1a exhibits
its biological functions through the alternative pathway. In the
present study we investigate the molecules that bind to pre-IL-1«
in human fibroblasts and the effects of the IL-la-binding
proteins on nuclear localization and biological functions of
IL-1a.

Results

Localization of Intracellular IL-1e in SS5c¢ Fibroblasts. Although we
previously demonstrated the nuclear localization of pre-IL-1ain
SSc fibroblasts, we performed immunohistochemistry on five
lines of SSc fibroblasts and three lines of normal fibroblasts. We
visualized the signals of intracellular IL-la in all five SSc
fibroblast lines and did not detect them in the three normal
fibroblast lines. A representative result of Cy3 staining is shown
in Fig. 1. The specific signals were mostly distributed in the
nucleus, consistent with our previous results (5).

Immunoprecipitation (IP). To detect candidates of intracellular
IL-1a-binding proteins, we used cell lysates of SSc fibroblasts
and anti-IL-1a Ab to perform IP. As shown in Fig. 2, autora-
diography indicated that the lengths of the specific bands were
~31, 35, and 65 kDa. Columns 2 and 3 show representative data
from IP that use cell lysates of SSc fibroblasts with anti-IL-1a Ab
under a nonreducing and a reducing condition, respectively, and
column 1 shows data that use cell lysates of SSc fibroblasts with
rabbit IgG under a reducing condition. The 31-kDa band cor-
responded to the predicted pre-IL-1a in fibroblasts. Because the
35- and 65-kDa bands were also candidates of the intracellular
IL-1e-binding proteins, we used a protein sequencer to partially
analyze the N-terminals of these molecules. The 35-kDa mole-
cule was homologous to HAX-1 (HS1-associated protein X-1;
amino acid sequence MSLFDLFRGF), and the 65-kDa mole-
cule was homologous to IL-1 receptor type II (IL-1RII; amino
acid sequence FTLQPA AHTG). We observed no specific bands
below the 30-kDa molecule (data not shown). Thus, we con-
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Fig. 1. Nuclear localization of iL-1« in SSc fibroblasts. $5¢ fibroblasts were
cultured in plates on a four-chamber stide. Cells were fixed with 2% parafor-
maldehyde plus 0.1% Triton X-108. The primary Ab was monocional anti-
human IL-1a Ab, which detected pre-lL-1a and mature lL-1a after incubation
with Cy3-conjugated anti-mouse IgG Ab. A representative result in SS¢ fibro-
blasts was obtained with fluorescence microscopy.

cluded that intracellular IL-1a was almost pre-IL-1a (31 kDa)in
SSc fibroblasts, consistent with our previous studies (3-5).

Expression of IL-1Rll and HAX-1 in Fibroblasts. To confirm the
expression of IL-1RIT and HAX-1 in SSc and normal fibroblasts,
we used RT-PCR to analyze the expression of mRNA. The
cDNA that was derived from five fibroblast lines of patients with
SSc contained mRNA of both IL-1RII and HAX-1, but three
normal fibroblast lines contained the HAX-1 mRNA alone
(Table 1). Western blotting indicated that HAX.-1 was expressed
in SSc and normal fibroblasts, but we detected IL-1RII in SSc
fibroblasts alone (Fig. 3). Immunocytochemical studies revealed
different distributions of HAX-1 and IL-1RII between SSc and
normal fibroblasts (Fig. 4). HAX-1 was localized in the nuclei
and cytosol of SSc fibroblasts but in only the cytosol of normal
fibroblasts. IL-1R1I was localized in the nuclei and cytosol of

Fig. 2. Pre-iL-1a-binding proteins were detected by IP. Fibroblasts from SSc
were cuttured by using [*3S]methionine/cystein for 16 h. After a pulse, cells
were harvested and sonicated to extract nuclear and cytosolic proteins. IP was
performed with cell lysates and anti-human iL-1a Ab or control rabbit igG
combined with protein G-Sepharose. Immunoprecipitates were fractionated
by 10% SDS/PAGE, and radiolabeled polypeptides were visualized by auto-
radiography. Column 1, lysate reacted with rabbit IgG fractionated under a
reducing condition; column 2, lysate reacted with anti iL-t«a Ab fractionated
under a nonreducing condition; column 3, lysate reacted with anti IL-1a Ab
fractionated under a reducing condition; column M, molecular marker.
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Table 1. Expression of IL-1RIl and HAX-1 mRNA in cultured
fibroblasts

Subjects IL-1Rl HAX-1
SS¢

1 17 43

2 15 5.2

3 29 42

4 31 26

5 25 18
HC

1 <0.01 20

2 0.02 21

3 <0.01 48

Total RNA was extracted from cultured fibroblasts derived from five pa-
tients with SSc and three healthy controls (HC). Real-time RT-PCR was per-
formed by using an ABI 7900HT and FAM-labeled TagMan gene expression
assay kit. GAPDH mRNA expression was used as an endogenous control.

SSc fibroblasts, and no fluorescent signal was detected in normal
fibroblasts.

Binding Capacities of IL-1RIl to Pre-IL-1« in Fibroblasts, To investi-
gate the binding capacities of IL-1RII to pre-IL-1a in fibroblasts,
we produced murine fibroblasts that were transfected with
human pre-IL-1a, human IL-1a, or human NTP-IL-1a, whith
were cotransfected with human IL-1RIIL. We detected = - =
IL-1RII, which was expressed by the pcDNA3 vector, in 1.
fibroblasts by anti-IL-1RII Ab (Fig. 5, second row). Because
three forms of human IL-la were expressed as V5-tag:
proteins in murine fibroblasts, these proteins were detected by
anti-V5 Ab (Fig. 5, third row). Finally, after cell lysates from
murine fibroblasts were immunoprecipitated with anti-IL-RII
Ab, human IL-lo and human pre-IL-la were detected by
Western blotting with anti-V5 Ab (Fig. 5). These results indicate
that intracellular IL-1RII binds to pre-IL-1a and mature IL-1a
via the amino acid sequence from 113 to 271 aa.

To confirm the interaction of IL-1awith IL-1RII and HAX-1,
we fused cDNA that encodes three kinds of IL-1a to the A
repressor protein (Acl) of pBT plasmid and fused each target
gene of IL-1RII and HAX-1 to the N-terminal domain of RNA
polymerase of pTRG plasmid. We grew double transforming
cells of pre-IL-1e with IL-1RII or HAX-1 in selection LB plates
and had a B-galactosidase activity (Fig. 6). The celis transformed
with NTP-IL-1a were positive only when cotransformed with
HAX-1, and the cells transformed with IL-1a were positive only
when cotransformed with IL-1RIL. Previously, HAX-1 was
reported to be associated with three sites of NTP-IL-1a (16). By
considering all this evidence, we present a schematic of putative
pre-IL-1a complex in Fig. 7.

Functional Roles of IL-1RIl and HAX-1 in the Signal Transductin= ¥
Pre-IL-1a. To further investigate the roles of Il-IRITand B - 7. 1
as a pre-IL-1a-binding protein, we produced SSc fibroblas:: ¢/
deplete IL-1RII or HAX-1 by means of RNA interfereii.

SSc HC

65 kDa
35kDa

Fig.3. Western blot analysis of IL-1Rll and HAX-1 in fibroblasts. Cell lysates
were prepared from fibroblasts derived from systemic scierosis (S5¢) and a
healthy donor (HC).

IL-1R11
HAX-1 |
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IL-1R11

HAX-1

Fig. 4. Cellular distribution of IL-1Rll and HAX-1 by immunofluorescence
staining. Fibroblasts were fixed by 2% paraformaldehyde plus 0.1% Triton
X-100 and then reacted with anti-IL-1Rll or anti-HAX-1 Ab. After they were
treated with FITC-conjugated anti-mouse IgG, a fluorescence image was
obtained.

IL-1RII and HAX-1 proteins were suppressed in all five lines of
SSc fibroblasts transfected with a small siRNA-expressing vec-
tor. A representative result of Western blotting is shown in Fig.
8. We used five lines of SSc fibroblasts to conduct the experi-
ments, and then we scanned each band on x-ray films on a
scanning densitometer. We measured the intensity of each
molecule by subtracting the intensity of background from that of
the band. The mean ratio of specific/random siRNA was 0.06 in
IL-1RII and 0.21 in HAX-1. An inhibition of IL-1RII did not
affect the nuclear localization of pre-IL-la, but inhibiting
HAX-1 caused the nuclear staining of pre-IL-1« in SSc fibro-
blasts to disappear (Fig. 9). We used five different lines of §Sc
fibroblasts to confirm this result. We previously demonstrated
that aberrant production of pre-IL-1a in the nucleus contributed
to IL-6 and procollagen type I production in SSc fibroblasts. To
explore the effects of IL-1RII and HAX-1 on IL-6 and procol-
lagen type I production in SSc fibroblasts, we suppressed the
production of both IL-6 and procollagen type I by the knock-
down of IL-1RII and HAX-1 (Fig. 10 A and B). The results
indicate the mean of triplicate experiments that use five SSc
fibroblasts and three normal fibroblasts.
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V5-IL-1a (113-271)
V5-NTP-IL-1a (1-112)

1
[}
!
+

IL-1RII + + + o+
WB: anti-IL-lot ab -
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Fig.5. A binding assay of pre-IL-1a and iL-1RH was performed with murine
fibroblasts (NIH 373) transfected with human IL-1« and IL-1RIl. The ¢<DNA of
human iL-1a (amino acids 113-271), pre-iL-1a (amino acids 1-271), and NTP-
It-1a (@amino acids 1-112) were subcioned into the pcDNA4-V5 vector. The
<DNA of human IL-1RIl was subcloned into the pcDNA3 vector. NiH 3T3 cells
were transfected with one of three kinds of pcDNA4-V5 and pcDNA3, as
indicated above the panels. Cell lysates were extracted from each transfectant
by sonication. The upper three panels indicate the results of Western blotting
(WB) with anti-IL-1a Ab, anti-IL-1RHl Ab, and anti-V5 Ab. The lowest panel
indicates the results of WB with anti-V5 Ab after IP that used anti-IL- 1Rl Ab,
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Fig. 6. A bacterial two-hybrid system was performed to confirm the inter-
action between pre-ll-1a and its binding proteins (IL-1RI} and HAX-1). The
IL-1a proteins were fused to the bacteriophage A repressor protein by using
pBT plasmid, and the target proteins {(IL-1RHIl and HAX-1) were fused to the
N-terminal domain of RNA polymerase by using pTRG plasmid. The suitable £.
coli was transformed by the two plasmids, and LB agar plates, including
tetracycline, chloramphenicol, kanamycin, and X-gal, were used to select
positive clones.

Discussion

The results of the present study provide solid evidence that
intracellular pre-IL-1a consists of a protein complex with IL-
1RII and HAX-1 and that the formation of this complex is
indispensable for pre-IL-la-induced biological functions (IL-6
production and procollagen type I synthesis by fibroblasts). Our
previous findings indicated that nuclear localization of pre-IL-1a
plays a crucial role in the fibrogenic phenotype of skin fibroblasts
derived from patients with SSc (3-5). The present study dem-
onstrates the importance of the pre-IL-la complex for the
fibrogenic phenotype of SSc fibroblasts.

Early research indicated that IL-1« or pre-IL-1a is secreted
from cells and exhibited an inflammatory response and immu-
nity through the specific IL-1 receptors on the surface of
targeted cells. However, intracellular pre-IL-1a has been shown
to stimulate proliferation of renal fibroblasts (11) and to regulate
the migration and the life span of endothelial cells (12), inde-
pendent of secretion and cell-surface IL-1 receptors. Some
researchers suggested that the nuclear localization sequence in
the NTP-IL-1a molecule might be essential for the biological
activity of intracellular IL-1a (11, 12). Recently, Buryskova et al.
(13) observed that intraceliular pre-IL-1a functionally activated
transcription, interacting with histone acetyltransferase com-
plexes. Werman et al. (14) reported that intracellular IL-1e is

Cleavage site by calpain

N-terminal C-terminal

laa !
—

271aa

112aa 113aa Mature IL-1c
T L3 | IL-IRﬂb

Nuclear localization sequence (NLS)
78-91 aa; GKVLKKRRLSLSQS

HAX-1

[‘j] Q Unknown proteins

Fig. 7. A putative structural component of the pre-lL-1a complex in fibro-
biasts. IL-1RIl binds to the C-terminal domain of pre-iL-1¢, and HAX-1 binds to
the N-terminal domain in fibroblasts. However, unknown proteins, aside from
these two, may bind to pre-iL-1a and unknown proteins may directly bind to
IL-1RH or HAX-1. The component proteins within the pre-lL-1a complex may
possess the DNA- or RNA-binding motif, which may allow the pre-iL-1a
complex to modulate the fibrosis and inflammation.
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