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Figure 2. Phosphorylation of Syk in CD19+ B cells from the peri-
pheral blood of healthy subjects (controls) and patients with rheuma-
toid arthritis (RA) and in RA patients before and after treatment with
abatacept. A, Expression of pSyk on CD19+ B cells was assessed by
flow cytometry in the peripheral blood mononuclear cells (PBMCs) of
controls and RA patients. B, Levels of pSyk in CD19+ B cells were
compared in RA patients before and 24 weeks after treatment with
abatacept. In A and B, the lymphocyte region of PBMCs was gated for
expression of pSyk on CD19+ B cells (indicated by gray-shaded boxed
areas), in comparison to that in IgG control experiments.

and analyzed by flow cytometry to determine the levels
of Syk phosphorylation in peripheral blood CD19+ B
cells. The control subjects and RA patients were
matched for sex but not age. Analysis of the effect of age
on Syk phosphorylation showed that the level of pSyk in
B cells was not correlated with age in either the control
subjects or the RA patients (in controls [mean * SD age
38.7 + 9.6 years], Spearman’s > = 0.0625, P = 0.23; in
RA patients, Spearman’s r* = 0.0008, P = 0.82). Al-
though the expression level of Syk in B cells was not
different between the groups (results not shown), the
level of Syk phosphorylation in B cells was significantly
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higher in RA patients compared to healthy controls
(mean = SD percentage of pSyk-positive B cells among
CD19+ B cells, 27.7 = 23.2% in RA patients versus
11.9 = 8.2% in controls; P = 0.0019, by Student’s #-test)
(Figures 1A and 2A).

We estimated the absolute numbers of total B
cells and pSyk-positive B cells in the RA patients and
healthy controls. Although there was no significant
difference in the percentage and absolute number of
total B cells between RA patients and healthy controls
(mean * SD percentage of total B cells relative to
number of lymphocytes, 11.2 += 6.2% in RA patients
versus 13.3 * 6.6% in controls [P = 0.08, by Student’s
t-test]; absolute number of CD19+ cells, 12,844 = 7,120
in RA patients versus 15,199 = 7,482 in controls [P =
0.09, by Student’s ¢-test]), the absolute number of
pSyk-positive B cells was significantly higher in RA
patients than in controls (mean * SD 3,639 = 4,021
versus 1,608 + 1,285; P = 0.0137, by Student’s #-test)
(Figure 1A). In addition, the proportions of B cell sub-
sets classified into CD19+CD27— naive B cells and
CD19+CD27+ memory B cells were comparable be-
tween the RA patients and healthy controls (mean =
SD percentage of CD19+CD27— naive B cells, 83.0 =+
6.2% in RA patients versus 84.9 = 5.0% in controls
[P = 0.24, by Student’s t-test]; percentage of CD19+

Table 2. Relationship between clinical characteristics and the ratio
of pSyk-positive cells among CD19+ B cells in patients with rheuma-
toid arthritis®

Spearman’s
rho¥
Age 0.0961
Disease duration (mean months) 0.0320
Prednisolone (or equivalent) (mg/day) 0.0915
Methotrexate (mg/week) -0.1516
Tender joint count (28 total) 0.0045
Swollen joint count (28 total) 0.1821
DAS28-CRP 0.0217
DAS28-ESR 0.1135
CDAI 0.0637
SDAI 0.0501
CRP level (mg/dl) —0.0513
ESR (mm/hour) 0.1221
MMP-3 level (ng/ml) 0.2019
IgG level (mg/dl) 0.0311
Presence of ANAs -0.0798

* DAS28-CRP = Disease Activity Score in 28 joints using C-reactive
protein level; ESR = erythrocyte sedimentation rate; CDAT = Clinical
Disease Activity Index; SDAI = Simplified Disease Activity Index;
MMP-3 = matrix metalloproteinase 3; ANAs = antinuclear anti-
bodies.

T Values are Spearman’s rank correlation coefficients for each char-
acteristic in relation to the percentage of pSyk-positive CD19+ B cells.
None of the values were significant.
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CD27+ memory B cells, 17.0 = 6.0% in RA patients
versus 15.1 = 5.0% in controls [P = 0.20, by Student’s
t-test]). These results suggest that pSyk expression is
up-regulated in RA patients compared to healthy con-
trol subjects irrespective of the proportions of B cell
subsets.

We next investigated differences in pSyk levels
among 3 groups of RA patients: treatment-naive RA
patients (n = 12), MTX-treated RA patients (n = 36),
and MTX - biologics (history)-treated RA patients
(n = 9). RA patients who had been treated with other
disease-modifying antirheumatic drugs and/or cortico-
steroids were excluded from the analysis. The expression
levels of pSyk in all 3 groups of RA patients were
significantly higher than those in the control group
(mean * SD percentage of pSyk-positive cells among
CD19+ cells, 21.6 = 7.7% in treatment-naive RA
patients, 24.8 * 3.3% in MTX-treated RA patients,
and 30.8 = 10.0% in MTX + biologics—treated RA
patients versus 10.7 * 1.3% in controls; P = 0.0036, by
Student’s t-test). There was no significant difference in
the pSyk level among each of the 3 RA treatment groups
(Figure 1B).

We then assessed the correlation between patient
background characteristics and Syk phosphorylation in
B cells (Table 2). Syk phosphorylation levels in B cells
were not correlated with indices of RA disease activity,
such as the tender joint count, swollen joint count, CRP
level, ESR, MMP-3 level, DAS28-CRP, DAS28-ESR,
CDAI and SDAI. There was also no correlation with
age, sex, duration of disease, use or dosage of steroids,
or use or dosage of oral MTX. Interestingly, Syk phos-
phorylation was significantly higher in B cells of patients
strongly positive for ACPAs (mean = SD percentage of
pSyk staining among CD19+ B cells, 22.2 = 24.9% in
RA patients negative for ACPAs and 19.5 = 21.5%
in RA patients positive for ACPAs versus 32.6 = 23.5%
in RA patients strongly positive for ACPAs; P = 0.0335,
by Kruskal-Wallis test) (Figure 1C and Table 3).

We also investigated whether the up-regulation
of pSyk expression in the B cells of RA patients was
associated with enhanced B cell activation. CD19+ B
cells were purified from the peripheral blood of the RA
patients and healthy control subjects and then cultured
in a stimulus-free medium for 3 or 5 days for assessment
of IL-6 or IgG production, respectively. The levels of
IL-6 tended to be more pronounced in the B cells of RA
patients compared to healthy controls, but the difference
was not statistically significant (mean = SD IL-6 con-
centration, 174.0 = 56.8 pg/ml in RA patients versus
116.6 = 57.1 pg/ml in controls; P = 0.136, by Wilcoxon’s
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Table 3. Relationship between levels of Syk phosphorylation and
subsets of clinical characteristics in patients with theumatoid arthritis
(RA)*

pSyk, %t

Sex

Male 274 £ 245

Female 32,6 =220
RA disease stage

I 38.1 =286

1l 246+ 223

i 187+ 114

v 324278
RA functional class

I 24.7 =199

11 28.4 = 26.0

1t 284 +16.1
RF

Negative 254 % 26.7

Positive 293 =230
ACPAsE

Negative 222 +249

Positive 19.5 = 21.5

Strongly positive 32.6 =235

* RF = rheumatoid factor; ACPAs = anti-citrullinated protein anti-
bodies.

T Values are the mean * SD percentage of pSyk staining among
CD19+ B cells.

F P = 0.0335 between groups.

rank sum test) (Figure 1D). IgG production by B cells
was significantly higher in RA patients (mean = SD
529.5 = 270.7 ng/ml) compared to controls (204.1 = 83.2
ng/ml; P = 0.033, by Wilcoxon’s rank sum test) (Figure
1D). The results of these in vitro studies add support to
the notion that pSyk expression in B cells is correlated
with the production of autoantibodies in RA patients.

Inhibition of Syk phosphorylation in B cells of
RA patients following treatment with abatacept. The
results presented thus far suggest that the phosphoryla-
tion of Syk in RA B cells is involved in the production of
ACPAs. Autoantibody production by B cells requires
the involvement of T cells, and treatment with abatacept
can inhibit the activation of T cells. Based on this
background, we hypothesized that abatacept inhibits Syk
phosphorylation in B cells. For this purpose, we investi-
gated the effect of abatacept on Syk phosphorylation by
comparing it with the effect of TNF inhibitors (inflix-
imab n = 10, golimumab n = 3, etanercept n = 1,
adalimumab n = 1). Biologics-naive RA patients were
selected for this analysis. Abatacept (n = 12) or a TNF
inhibitor (n = 15) was administered to patients with
MTX-resistant RA, and the change in B cell Syk phos-
phorylation after the treatment was investigated.

We found that the posttreatment clinical back-
ground was not significantly different between patients
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Figure 3. Changes in Syk phosphorylation in B cells and effects on follicular T helper (Tth) cells among CD4+ T cells before and after treatment
of rheumatoid arthritis (RA) patients with abatacept or tumor necrosis factor (TNF) inhibitors. A, Left, Changes in the Disease Activity Score in
28 joints using the erythrocyte sedimentation rate (DAS28-ESR), the Simplified Disease Activity Index (SDAI), and the ratio of pSyk-positive cells
among CD19+ B cells were assessed in RA patients before and 24 weeks after treatment with abatacept or TNF inhibitors. Right, Changes in the
levels of pSyk in CD19+ B cells were assessed in RA patients before and after treatment with abatacept. IgG served as control. B, The correlation
between change in the ratio of pSyk-positive cells among CD19+ cells and change in the DAS28-ESR and SDAI was assessed in RA patients treated
with TNF inhibitors. Change in the ratio was calculated as (value after treatment — value before treatment)/value before treatment. C, Left, Changes

in the ratio of CD4+CXCR5+PD-1+ cells (Tfh cells) among CD4+

cells were assessed in RA patients before and 4 weeks after treatment with

abatacept. Right, Representative flow cytometry data are shown. Colored bars and symbols in A and C represent individual patients. * = P < 0.05.

NS = not significant; PD-1 = programmed death 1.

treated with abatacept and those treated with TNF
inhibitors (results not shown), including the levels of
ACPAs (mean = SD 85.4 = 91.9 units/ml in abatacept-
treated RA patients versus 77.7 = 89.6 units/ml in TNF
inhibitor—treated RA patients). During the period from
week 0 to week 24 after treatment, the DAS28 decreased
from a mean = SD 4.8 = 1.1 to 34 = 1.1 in the
abatacept treatment group (P = 0.002, by Wilcoxon’s

matched-pairs signed-rank test) and from 4.9 = 1.1 to
3.1 = 1.2 in the patients treated with TNF inhibitors (P
< 0.001, by Wilcoxon’s matched-pairs signed-rank test).
Furthermore, in patients treated with abatacept and
those treated with TNF inhibitors, the SDAI decreased
from 19.4 = 10.1 to 9.6 = 8.4 (P = 0.0069, by Wilcoxon’s
matched-pairs signed-rank test) and from 20.0 = 8.5 to
7.4 = 7.5 (P < 0.001, by Wilcoxon’s matched-pairs
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signed-rank test), respectively. These results indicate
that a significant reduction occurred in both indices of
disease activity (the DAS28-ESR and the SDAI) in both
treatment groups after 24 weeks of administration.

Interestingly, in the abatacept treatment group,
the percentage of pSyk-positive cells among CD19+ B
cells diminished from week 0 to week 24 from a mean =
SD 214 = 309% to 3.3 = 3.8% (P = 0.0341, by
Wilcoxon’s matched-pairs signed-rank test), whereas in
those treated with TNF inhibitors, this percentage in-
creased from 30.0 = 23.1% to 42.0 = 34.8% from week
0 to week 24 (P = 0.1255, by Wilcoxon’s matched-pairs
signed-rank test). These results indicate that Syk phos-
phorylation in B cells was significantly decreased in the
abatacept treatment group, whereas no change was
observed in the TNF inhibitors group after 24 weeks of
administration (Figures 2B and 3A). Although 2 differ-
ent subsets of TNF inhibitor-treated patients were ob-
served, one in which the pSyk levels increased and
another in which the pSyk levels decreased after treat-
ment with TNF inhibitors, the background features were
similar in the 2 groups. However, the change in Syk
phosphorylation in B cells after treatment was not
correlated with the response to treatment (Figure 3B).

We next assessed the mechanism of abatacept-
induced inhibition of Syk phosphorylation in B cells.
For this purpose, we examined the proportion of
Thl cells (CD4+CXCR3+ cells) and Tfh cells
(CD4+CXCRS5+PD-1+ cells), which are CD4+ T cells
that play important roles in the maturation and differ-
entiation of B cells (17). Preliminary data (not shown)
indicated that there was a significantly higher percentage
of Tfth cells among CD4+ T cells in RA patients
compared to healthy controls. However, there were no
differences in the percentage of Thi cells between the 2
groups (results not shown). Although the proportion of
Th1 cells was not changed, treatment with abatacept
significantly reduced the proportion of Tth cells, from a
mean * SD 5.7 + 5.7% at week 0 to 3.4 = 4.7% at week
4 (P = 0.0206, by Wilcoxon’s matched-pairs signed-rank
test) (Figure 3C). In contrast, treatment with TNF
inhibitors did not change the proportion of Tfh cells
after 4 weeks of administration. Examination of the
direct effect of abatacept on B cells showed that abata-
cept did not change the expression levels of the costimu-
latory molecules CD80 and CD86 on B cells (results not
shown).

DISCUSSION

In this study, we revealed that Syk phosphoryla-
tion is enhanced in the peripheral blood B cells of
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patients with RA compared to healthy subjects, and we
found that Syk phosphorylation was increased in RA
patients strongly positive for ACPAs. We also found that
treatment with abatacept resulted in inhibition of Syk
phosphorylation in B cells, whereas treatment with TNF
inhibitors did not produce the same effects. Treatment
with abatacept also significantly reduced the proportion
of Tth cells.

Rituximab was approved for treatment of RA in
2006 in the US. The positioning of rituximab as the
second-line biologic product that follows TNF inhibitor
therapy has been established, and B cells are assumed to
be the therapeutic target in RA. Whereas several studies
have shown no abnormalities in peripheral blood B cells
in patients with RA (34-37), others have identified B
cell abnormalities in patients with RA, including a high
proportion of IgD—CD27— double-negative memory B
cells (38). In this regard, there is an increased likelihood
of RA relapse in patients whose proportion of memory
B cells increases after rituximab administration (39), and
abnormalities of chemokine receptors in B cells are
often detected in RA patients (40). In this study, we
found a significant increase in Syk phosphorylation in
peripheral blood B cells of RA patients compared to
healthy subjects, suggesting that B cells are abnormal in
RA patients.

How could this abnormality affect the pathologic
processes of RA? Our results showed that the increased
level of phosphorylation of Syk in B cells correlated with
the production level of ACPAs, but not with the severity
of disease activity, in patients with active RA (Figure 1
and Table 3). Consistent with these results, we have
recently reported that signaling through Syk results in
effective signal transduction of TLR-9 by induction of
optimal expression of TRAF6, and that this signaling is
important for the expression of various functions, such
as antibody production, as well as for robust activation of
B cells (14). These data suggest that the important role
of Syk in B cells in the pathologic processes of RA is
mediated, at least in part, through ACPA production.

These findings raise several important questions.
How does Syk-related ACPA production affect the
pathologic progression of RA? A high titer of ACPAs is
an adverse prognostic factor for bone destruction (41),
although the pathologic significance is still largely un-
known. In a recent study, Amara et al (42) analyzed the
immunoglobulin gene of IgG+ memory B cells collected
from the synovial tissue of RA patients and found that
patients who were positive for ACPAs had a gene
sequence for an antibody that specifically binds to
citrullinated antigen. In addition, Harre et al (43) re-
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ported that ACPAs induce TNFa production by macro-
phages and indirectly induce the differentiation of oste-
oclasts. It has been demonstrated that the Syk inhibitor
fostamatinib (R788) was ineffective in patients with
active RA who did not respond to TNF inhibitors (44).
Results of a recent study indicated that TNF inhibitors
increase the levels of cytoplasmic Lyn, which phosphor-
ylates Syk and plays a role in the initiation of the B cell
receptor-mediated pathway (45). Our results (Figure
3A), however, showed 2 different subsets of TNF
inhibitor—treated patients, one with an increase in pSyk
levels and another with a decrease in pSyk levels after
treatment with TNF inhibitors, despite improvement in
disease activity at 24 weeks posttreatment. Further
analysis is needed to explore this issue in more detail.
Clarification of the relationship between Syk and TNF«
and its role in RA pathologic processes may explain why
Syk inhibitors are ineffective in patients with active RA
who do not respond to TNF inhibitors.

In the treatment of RA, abatacept acts through a
mechanism of action different from that of TNF inhib-
itors; it reduces T cell responses by limiting CD28-
mediated signaling, which is required for T cell activa-
tion and differentiation. However, there is little or no
information on the effect of abatacept on the pathologic
development or progression of RA. The present findings
showed that not only the phosphorylation of Syk but also
the proportion of Tfh cells was significantly reduced by
abatacept, while TNF inhibitors influenced neither Syk
phosphorylation nor Tfh cell development. Platt and
colleagues (46) demonstrated that treatment of mice
with abatacept decreased the proportion of Tth cells.
Tth cells are a critical T helper cell subset for the
formation and function of B cells and play an important
role in the pathogenesis of autoimmune diseases (17,18).
Furthermore, B cells provide help for the survival of Tth
cells (47).

In a series of preliminary studies, the proportion
of Tth cells in RA patients was correlated significantly
with the titers of various autoantibodies, such as RF and
ACPAs, but was not correlated with the severity of
disease activity or the levels of pSyk in B cells (results
not shown). Previous studies showed that treatment with
infliximab decreased the RF titer but did not change the
ACPA level (48). In contrast, treatment with abatacept
significantly reduced the levels of both RF and ACPAs
(49). In the present study, treatment with TNF inhibitors
did not reduce the proportion of Tth cells, despite the
fact that disease activity improved with the use of these
drugs. However, the proportion of Tth cells was signifi-
cantly decreased by abatacept. Therefore, we argue that
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abatacept seems to selectively control Tth cell activation,
leading to the production of autoantibodies from pSyk-
positive B cells. However, further studies are needed to
determine whether this effect is selective for abatacept
compared to other drugs such as MTX and tocilizumab.

Thus, the interaction between B cells and Tfh
cells is required for autoantibody production. Our re-
sults suggest that abatacept inhibits Syk phosphorylation
in B cells and inhibits the proliferation and differentia-
tion of Tth cells. Taken together, our findings highlight
the importance of B cells in the pathogenesis of RA and
describe the mode of action of abatacept, i.e., inhibition
of B cell-T cell interactions. Further evaluation of Syk
phosphorylation may help predict the response to abata-
cept therapy in patients with RA.
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Low complements and high titre of anti-Sm antibody
as predictors of histopathologically proven silent
lupus nephritis without abnormal urinalysis in
patients with systemic lupus erythematosus
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Mikiko Tokunaga®, Norifumi Sawamukai’, Masahito Tamura® Shintaro Hirata’,
Kunihiro Yamaoka', Hitoshi Hasegawa® and Yoshiya Tanaka'

Abstract

Objective. The aim of this study was to clarify the clinical characteristics and predictors of silent LN (SLN),
a type of LN in SLE without abnormal urinalysis or renal impairment.

Methods. Of 182 patients who underwent renal biopsy, 48 did not present with abnormal urinalysis or
renal impairment at the time of biopsy. The patients with LN (SLN group, n=36) and those without LN
(non-LN group, n=12) were compared with respect to their baseline characteristics. Bivariate analysis
comprised Fisher’s exact test and the Mann-Whitney test, whereas multivariate analysis employed bino-
mial logistic regression analysis.

Resuits. LN was histopathologically identified in 36 of 48 patients. According to the International Society
of Nephrology/Renal Pathology Society classification, 72% of the SLN patients were classified as having
class I/ll, with a further 17% having class lli/IV. Bivariate analyses indicated that platelet count, serum
albumin, complement components (C3 and C4), complement haemeolytic activity (CH50), anti-Sm antibody
titre and anti-ribonucleoprotein antibody titre were significantly different between groups. Multivariate
analysis indicated that CH50 and C3 titres were significantly lower in the SLN group, whereas anti-Sm
antibody titre was significantly higher. The cut-off tiire, calculated based on the receiver operating char-
acteristic curve for CH50, was 33 U/ml, with a sensitivity and specificity of 89% and 83%, respectively.
The cut-off titre for anti-Sm antibodies was 9U/ml, with a sensitivity and specificity of 74% and 83%,
respectively.

Conclusion. Low titres of CH50 and C3 and a high titre of anti-Sm antibody were identified as predictors
of SLN.

Key words: systemic lupus erythematosus, silent lupus nephritis, complement, anti-Sm antibody.

introduction organs, skin, kidneys and other organs. LN is one of the
most serious manifestations of SLE, associated with poor
SLE is a SyStemiC autoimmune disease in which patients prognosis and observed during the course of SLE in
present with dysfunction of the CNS, haematopoietic  30-60% of patients [1-3]. Furthermore, since 1976 there
have been reports of silent LN (SLN) patients without ab-
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~B60-70% of cases, whereas class III/lV LN—presenting
with proliferative GN and associated with poor pro-
gnosis—accounts for ~15-20% of cases [11, 12].
Although a renal biopsy is necessary for definitive diag-
nosis of LN, no clear criteria have yet been established for
renal biopsy in SLE patients, in part because of the pres-
ence of SLN. Renal biopsies are also difficult to perform
because of CNS involvement and complications such as
haemorrhaging associated with needle puncture.
Therefore predictors of LN in SLE patients who do not
present with abnormal urinalysis results or renal impair-
ment will help clinicians to identify cases in which renal
biopsy should be performed, leading to early detection of
nephropathy. Furthermore, even in cases in which a renal
biopsy cannot be performed, the ability to infer the pres-
ence of SLN could help in determining a treatment strat-
egy. Based on the above, the determination of predictors
for SLN may lead to improved renal survival.

In our study we examined SLE patients who underwent
renal biopsy at our hospital. Patients who did not present
with abnormal urinalysis or renal impairment at the time of
the biopsy were divided into two groups: those with and
without histopathologically proven LN. Furthermore, the
clinical characteristics of the two groups were compared
to clarify the predictors of SLN.

Materials and methods

Patients

We assessed 182 patients who underwent renal biopsy
among the 449 hospitalized at the University of
Occupational and Environmental Health between
November 2002 and December 2012 and given a diagno-
sis of SLE based on the 1997 ACR classification criteria
[13]. A renal biopsy was not performed for the following
reasons: (i) patient consent could not be obtained; (i) poor
systemic condition, including complications such as CNS
involvement and (jii) the attending physician judged the
patient to be unsuitable for biopsy for reasons other
than those mentioned above. For the 182 patients who
underwent renal biopsy, abnormal urinalysis and renal im-
pairment were defined based on the following three cri-
teria: (i) <300 mg/day of proteinuria, (i) no active urinary
sediments and (i) a glomerular filtration rate (GFR)
>60 mi/min/1.73 m?. According to the Kidney Disease
Improving Global Outcomes 2012 Clinical Practice
Guideline for the Evaluation and Management of Chronic
Kidney Disease, the estimated GFR (eGFR) levels from
serum creatinine <60 ml/min/1.73 m? should be reported
as mildly to moderately decreased when reporting GFR
[14]. Therefore we defined the silent range as GFR
=60ml/min/1.73 m? (GFR category G1-2) within which
serum creatinine concentrations can be within the
normal range [15]. We compared the baseline character-
istics of the 48 patients who fulfilled these criteria with and
without histopathologically proven LN. The study was
conducted according to the principles of the Declaration
of Helsinki. Our retrospective clinical observation was
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approved by the local ethics committee at the University
of Occupational and Environmental Health.

Evaluation of clinical measurements

Before performing renal biopsy, the presence of all items
in the 1997 ACR SLE classification criteria was
determined and all of the following were measured: quali-
tative urinalysis, urinary sediment, quantitative determin-
ation of urinary protein and creatinine clearance (CCr)
based on 24h urine collection, complete blood count,
serum albumin, serum creatinine, CRP, ESR, complement
haemolytic activity (CH50), complement components (C3
and C4), IgG, anti-dsDNA antibodies, anti-Sm antibodies
and anti-ribonucleoprotein (RNP) antibodies. GFR was
measured by eGFR and 24h CCr. The eGFR was calcu-
lated according to the described method using variables
that included serum creatinine, age and sex [16]. SLE ac-
tivity was assessed according to the SLEDAI and the
BILAG index. CH50 was measured according to Mayer’s
method and C3, C4, and IgG were measured with immu-
nonephelometry (Wako Pure Chemical Industries, Osaka,
Japan). Anti-dsDNA antibodies (normal value <12 U/ml),
anti~-Sm antibodies (normal value <7U/ml; values
considered indeterminate: <7 to <30) and anti-RNP
antibodies (normal value <15U/ml) were measured with
an enzyme immunoassay (Medical & Biological
Laboratories, Nagoya, Japan). For all patients we con-
firmed that there was no significant change in laboratory
results. Thus the values obtained from the serological
evaluations at the time of the renal biopsy were con-
sidered representative of a stable disease state in all
patients.

Evaluation of renal histopathology

Renal histopathology was classified based on the 2003
ISN/RPS classification [17]. Renal biopsy samples taken
in 2003 or earlier were reclassified according to the 2003
ISN/RPS classification. Immunohistological diagnoses
were determined using the direct immunofluorescence
method. Patients who had no evidence of LN as deter-
mined by optical microscopy, immunofluorescence and
electron microscopy were defined as not having LN.

Statistical analysis

Values are expressed as mean (s.D.) or as number and
percentage. The differences between patients with and
without LN were examined for statistical significance
using Fisher's exact test to compare frequencies and
the Mann-Whitney U test to compare median values.
Multivariate analysis was performed using binomial logis-
tic regression analysis. P-values < 0.05 were considered
statistically significant. Statistical analyses were per-
formed using JMP software, version 9 (SAS Institute,
Cary, NC, USA).

Results

Of the 48 patients, 36 (75%) were classified as having
histopathologically proven LN (SLN group). The remaining

www.rheumatology.oxfordjournals.org
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Fic. 1 Patient disposition and ISN/RPS classification of
the 48 SLE patients without abnormal urinalysis or renal
impairment

] SLE 449 patients |

! 182 patients performed renal biopsy
}

(1) Proteinuria <300 mg/day

(2) No active urinary sediments

(3) GFR 260 mL/min/1.73 m?

Satisfied all 3 criteria
before renal biopsy

48 patients
Lupus nephritis
With | | Without
SLN group non-LN group
36 patients 12 patients

ISN/RPS Class T 12 (33%)
Class 1T 14 (39%)
Class HI 5 {14%)
Class IV 1 {3%)
Class V. 4 (119%)
Class VI 0 (0%)

SLN: silent LN; GFR: glomerular filtration rate; ISN/RPS:
International Society of Nephrology/Renal Pathology
Society.

12 (25%) patients had no observable immune deposits on
immunofluorescence and no abnormal findings on optical
or electron microscopy; these patients were classified as
the non-LN group. in the SLN group, the frequencies of
ISN/RPS class 1-V nephritis were as follows: 12 (33%), 14
(39%), 5 (14%), 1 (3%) and 4 (11%), respectively (Fig. 1).
No cases of class VI were observed. Moreover, charac-
teristics such as age, sex, disease duration and prebiopsy
treatment history were not significantly different between
the groups. Furthermore, no significant differences were
observed in the presence of hypertension and RP or in dis-
ease activily assessments (SLEDAI and BILAG) (Table 1).

A comparison of the 11 items in the 1997 ACR classifi-
cation criteria showed that the SLN group had a signifi-
cantly higher number of anti-Sm antibody-positive
patients (P=0.02), whereas no significant differences
were observed for any of the remaining 10 items, including
skin lesions, arthritis and neurological symptoms (Table 2).
Prebiopsy blood tests showed that the SLN group had a
significantly lower platelet count (P=0.03) and signifi-
cantly decreased serum albumin (P=0.048) compared
with the non-LN group. With respect to serum immunolo-
gical tests, the SLN group exhibited markedly low titres of
C3, C4 and CH50 (C3: P <0.001; C4: P <0.001; CH50:
P <0.001). With respect to antibody titres, the SLN
group had markedly higher titres of anti-Sm and anti-
RNP antibodies (anti-Sm: P=0.001; anti-BRNP: P=0.01)

www.rheurmnatology.oxfordjournals.org

compared with the non-LN group (Fig. 2). The lymphocyte
count, inflammatory response, IgG and anti-dsDNA anti-
body titre were not significantly different between the
groups.

Because there is a strong confounding relationship be-
tween CH50 and C3, a multivariate analysis based on the
bivariate analysis results was performed with CH50 as the
complement. In the SLN group, a low CH50 titre
(P <0.001) and a high anti-Sm antibody titre (P=0.02)
were considered independent factors (Table 3).
Multivariate analysis after replacing CH50 with C3 indi-
cated that C3 was also an independent factor
(P < 0.001). To predict the presence of SLN, the cut-off
titres for CH50, C3 and anti-Sm antibodies were calcu-
lated based on the receiver operating characteristic curve.
The cut-off titre for CH50 was 33 U/ml, with a sensitivity
of 89%, a specificity of 83% [odds ratio (OR) 40.0,
P < 0.001], a positive predictive value (PPV) of 94% and
a negative predictive value (NPV) of 71%. The cut-off titre
for anti-Sm antibodies was 9U/ml, with a sensitivity of
74%, a specificity of 83% (OR 14.4, P=0.001), a PPV of
93% and an NPV of 53%. For the titre cut-offs of 33 U/ml
for GH50 and 9 U/ml for anti-Sm antibodies, sensitivity
was 66%, specificity was 100%, the PPV was 100%
and the NPV was 50% (Table 4).

Clinical course of patients with and without LN

The elevation of serum creatinine levels was not observed
in any patients in either group within 5 years after renal
biopsy. However, of the 32 patients in the SLN group who
were observed for at least 1 year after renal biopsy,
6 (19%) showed the following abnormal urinalysis: only
proteinuria (4 patients), only microscopic haematuria
(1 patient) and both urinary findings (1 patient). The histo-
pathological classification (ISN/RPS class) of these six
patients at the time of SLN diagnosis was as follows:
class |, one; class i, one; class IV, one; class V, three.

Discussion

Our study is the first to analyse predictors for SLN in SLE
patients without abnormal urinalysis or renal impairment
before renal biopsy. Surprisingly, SLN was observed in
75% of patients. Of the SLN patients, 72% were classified
as ISN/RPS class | or Hl, whereas 17% were classified as
class lll or IV. Low titres of CH50 and C3 and a high titre of
anti-Sm antibody were determined to be predictors of
SLN. With respect to hypocomplementaemia, the cut-off
titres for CH50 (33 U/ml; normal value 31.6-57.6) and C3
(65 mg/dl; normal value 65-135) were similar to the lower
limits of their respective normal ranges. Hence it is highly
likely that LN is already present in the early stage of low
complement titres, even in the absence of abnormal urin-
alysis. In previous reports of SLN and hypocomplemen-
taemia, Wakasugi et al. [12] reported that a low titre of C3
(cut-off value 55 mg/dl) was a predictor of ISN/RPS class
i1 or IV SLN (sensitivity 85%, specificity 58%). In addition,
Wada et al. [18] reported that patients with overt nephritis
showed both persistent elevation of anti-dsDNA antibo-
dies and persistent hypocomplementaemia for at least 24
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TaeLe 1 Baseline characteristics of the 48 patients and comparison between the SLN group and the non-LN group

 Non-LN (n-12

Age at renal biopsy, mean (s.n.), years 37 (16) 37 (17) 36 (13) 0.79

Male/female, n/n 3/45 2/34 1/11 1.00
Disease duration, mean (s.n.), months 19 (33) 15 (19) 32 (57) 0.45
Patients received PSL, n (%) 15 (31) 11 (31) 4 (33) 1.00
Dosage of PSL, mean (s.p.), mg/day 25 (20) 28 (21) 17 (14) 0.43
Patients received immunosuppressive agent, n (%) 5(10) 4 (11) 1 (8)

MTX, n 1 1 0

Mizoribine, n 1 1 0

Cyclosporin A, n 1 1 0

AZA, n 2 1 1
Proteinuria, mean (s.0.), g/day 0.09 (0.07) 0.08 (0.086) 0.10 (0.08) 0.81
Serum creatinine, mean (s.o.), mg/d! 0.53 (0.11) 0.53 (0.12) 0.50 (0.07) 0.72
eGFR, mean (s.0.), ml /min/1.73 m? 112 (26) 111 (29) 116 (19) 0.69
24 h CCr, mean (s.0.), ml /min 116 (34) 116 (36) 117 (29) 0.92
SLEDAI, mean (s.0.) 9.5 4.4 10.3 (4.6) 7.4 (3.1) 0.06
BILAG, mean (s.0.) 12 (7) 13 (8) 10 (6) 0.55
Hypertension, n (%) 3(6) 38 0 (0) 0.56
RP, n (%) 10 (21) 4 (17) 4 (33) 0.40

P-value is estimated between the two groups. SLN: silent LN; PSL: prednisolone; eGFR: estimated glomerular filtration rate;

CCr: creatinine clearance

TaeLe 2 Comparison of each clinical manifestation in the 1997 ACR classification criteria between the SLN group and

the non-LN group

Malar rash

26 (54)
Discoid rash 10 (21)
Photosensitivity 21 (43)
Oral ulcers 12 (25)
Arthritis 34 (71)
Serositis 7 (15)
Renal disorder 00
Neurological disorder® 21 (44)
Haematological disorder 43 (90)
Haemolytic anaemia 4 (8)
Leucopenia 22 (46)
Lymphopenia 42 (88)
Thrombocytopenia 6 (13)
Immunological disorder 44 (92)
Anti-DNA 39 (81)
Anti-Sm 27 (60)
aPL 14 (30)
ANA 47 (98)

20 (56) 6 (50) 0.75
7 (19) 3 (25) 0.69
13 (36) 8 (67) 0.10
10 (28) 2 (17) 0.70
28 (78) 6 (50) 0.14
7 (19) 0(0) 0.17
0 (0) 0(0)
16 (44) 5 (42) 1.00
33 (92) 10 (83) 0.59
3 (8) 1(8) 1.00
19 (52) 3 (25) 0.18
33 (92) 9 (75) 0.16
5 (14) 1(8) 1.00
35 (97) 9 (75) 0.09
32 (89) 7 (58) 0.09
24 (67) 3 (25) 0.02
11 (31) 3 (25) 1.00
36 (100) 11 (92) 0.25

Data are given as number (%). P-value is estimated to allow comparisons between the two groups. *Neurological disorder includes
only abnormality in cerebrospinal fluid (pleocytosis, elevation of IL-6 and 1gG index) or neuroimaging. SLN: silent LN.

months before the onset of overt nephritis. Our study and
these reports indicate that low titres of CH50 and C3 are
clear predictors of SLN and the severity of SLN increases
with lower complement titres and a longer duration of
hypocomplementaemia. These findings can be explained
by the primary pathology in LN, which is immune-complex
nephritis. However, our study reveals the noteworthy fact
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that SLN was observed when complement components
were present at the lower limit of their normal clinical
range. Therefore low titres of CH50 and C3 are considered
extremely useful predictors of SLN.

In this study we have shown for the first time that pa-
tients with SLN have a significantly higher titre of anti-Sm
antibodies than those without LN. Anti-Sm antibodies are

www.rheumatology.oxfordjournals.org
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Fic. 2 Comparison of titres of C3, CH50 and anti-Sm antibodies between the SLN group and the non-LN group
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TasLe 3 Comparison of laboratory results between the SLN group and the non-LN group

P-value
SLN (n=36) Non-LN (n=12) P-value (bivariate) (multivariate)

WBCs, /ul 4578 (2178) 5741 (2008) 0.09
Lymphocytes, /ul 866 (334) 1300 (721) 0.08
Platelets, x 10%/ul 20.2 (7.7) 24 (5.1) 0.03 0.20
Serum albumin, g/dl 3.5 (0.5) 3.9 (0.5) 0.048 0.17
CRP, mg/dl 1.39 (4.7) 1.0 (1.3) 0.49
ESR, mm/h 49 (32) 48 (28) 0.95
C8, mg/dl 53 (17) 93 (22) <0.001 <0.001
C4, mg/dl 8.3 (4.3) 16 (6.7) <0.001
CH50, U/ml 22 (12) 44 (9.9) <0.001 <0.001
IgG, mg/dl 2273 (752) 2035 (1137) 0.21
Anti-dsDNA, 1U/ml 120 (132) 126 (176) 0.17
Anti-Sm, 1U/ml 50 (47) 9.3 (17) 0.001 0.02
Anti-RNP, [U/ml 79 (65) 21 (21) 0.01

Data are given as mean (s.n.). P-value is estimated to allow comparisons between the two groups. SLN: silent LN.

antibodies against non-histone nuclear proteins; the cor-
responding antigens are small nuclear RNPs related to
mRNA splicing (U1, U2, U4/U6 and U5RNP) [19, 20].
These antibodies are observed in 5-30% of SLE patients

www.rheumatology.oxfordjournals.org

and they are included as a serum immunology criterion in
the classification scheme because of their high specificity
[21, 22]. The clinical significance of anti-Sm antibodies
is that their presence in SLE patients is reportedly
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TasLe 4 Predictors of SLN

CH50 <33 U/ml 89

C3 <65 mg/dl 78

Anti-Sm >9 U/mi 74

CH50 <33U/ml and anti-Sm 66 100
>9U/mi

40.0 (6.3, 251.8)

385 (4.3, 344.9)  <0.001
14.4 (2.6, 78.8) 0.001
100 50 - <0.001

SLN: silent LN; PPV: positive predictive value; NPV: negative predictive value; OR: odds ratio.

associated with CNS involvement. Furthermore, many re-
ports have stated that anti-Sm antibodies, along with anti-
dsDNA antibodies, are expressed at a high rate in SLE
patients with LN [23-27]. Although no studies have inves-
tigated the relationship between SLN and anti-Sm antibo-
dies, anti-Sm antibodies were found to be associated with
late-onset renal disease [28]. One report presented a
comparison of patients who developed LN >5 years
after SLE diagnosis with those who developed LN within
5 years, but observed no significant differences in the fre-
guency of anti-Sm or anti-dsDNA antibody expression
[29]. Some reports have indicated that anti-C1qg antibo-
dies are frequently expressed in patients with SLN and
the anti-C1q antibody-C1qg immune complex is involved
in the early stage of LN onset [11, 30]; however, we did not
investigate this association in our study.

The predictors of SLN may be used as criteria for decid-
ing whether a renal biopsy should be performed for the
early detection of LN. Complement activity and anti-Sm
antibodies can be confirmed with an extremely simple
blood test, thereby allowing the inference of LN onset
from regular blood tests performed on an outpatient
basis. Furthermore, LN can also be predicted in SLE pa-
tients when a renal biopsy is difficult, such as in elderly
patients, when consent is not provided, in patients with
CNS lesions or bleeding and in patients with circulatory or
respiratory impairment. Based on the above, the pre-
dictors of SLN are considered useful for deciding the
timing of renal biopsy and determining the treatment
strategy.

In the long-term observations of SLN, renal survival and
prognosis are reported to be more favourable than in
cases of overt LN. Gonzalez-Crespo et al. [31] reported
that the renal survival rate at 51 months is 98%, whereas
the survival rate for patients with diffuse proliferative GN
is 90%. However, in this study, even after the administra-
tion of medium-to-high doses of corticosteroids to more
than half of the patients, abnormal urinalysis results were
observed in 22 of the 211 (10.4%) patients during a mean
observation period of 51 months, with 5 patients eventu-
ally developing end-stage renal failure. Exacerbated histo-
pathological findings were also observed in 8 of the
47 patients who underwent repeat biopsy. Furthermore,
another study reported abnormal urinalysis results and/or
renal impairment in 25.8% of SLN patients at a mean dur-
ation of 58 months after renal biopsy with prednisolone
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administration of 40-60 mg/day [18]. Therefore it is neces-
sary to analyse renal survival in SLN for =5 years and
establish the basis for this therapy.

Our study has several limitations. First, it is a retrospect-
ive observational study. Second, renal biopsies were per-
formed for only 182 of the 449 patients with SLE, thereby
resulting in patient selection bias. Third, ~30% of the 48
patients examined were taking corticosteroids and/or im-
munosuppressants at the time of their renal biopsy, which
may have concealed the clinical findings resulting from
LN. Fourth, microalbuminuria was not examined in our
study. The reasons for this were that our study was con-
ducted in the clinical practice setting and that quantitative
measurement of urine albumin excretion in non-diabetic
patients was not covered by Japanese medical insurance.
In some reports of SLN, clinical renal involvement was
defined as >300-500 mg/day of proteinuria [11, 12, 31].
For these reasons we defined clinical renal involvement as
overt proteinuria diagnosed in patients with > 1+ on urine
dipstick testing and with >300mg/day of proteinuria.
Fifth, our study did not include the anti-Clq antibody
and urinary biomarkers such as the TNF-like weak inducer
of apoptosis (TWEAK), monocyte chemoattractant protein
1 (MCP-1), neutrophil gelatinase-associated lipocalin
(NGAL), CD4 T cell and CD8 T cell [32-36]. Despite our
study’s limitations, we believe that it has value in the de-
velopment of LN diagnostics, as the above-mentioned
limitations are often difficult to avoid in clinical research
involving relatively rare pathologies such as LN.

Conclusion

Diagnosing SLN is extremely difficult because of the lack
of clinical symptoms and examination findings. However,
some cases of SLN involve proliferative GN such as ISN/
RPS class llf or IV, with renal dysfunction progressing over
the long term in some cases. Our study findings suggest
that LN is present at a high rate in SLE patients with low
titres of CH50 and C3 and a high titre of anti-Sm antibo-
dies, including in those without abnormal urinalysis or
renal impairment. Given the above, the possibility of the
presence of LN is considered extremely high when the
CHS50 concentration is <33 U/ml and anti-Sm antibodies
are present at >9U/ml. In such cases, a renal biopsy is
strongly recommended. The use of these indicators allows
the early detection and treatment of LN, which is expected
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to lead to improvements in renal survival and prognosis for
SLE patients.

_ Bheumatology key messages:

s LN was histopathologically identified in 75% of SLE
patients without abnormal wurinalysis or renal
impairment.

s« Low complements and high titre of anti-Sm anti-
body were identified as predictors of silent LN.
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Neuropsychiatric systemic Neuropsychiatric systemic lupus erythematosus (NPSLE) is a serious complication in SLE.
lupus erythematosus; Although the mechanism of NPSLE remains unclear, cytokines and chemokines are considered to
Cytokine profiles; be involved in their pathogenesis. Here we used Bio-Plex Pro assays to examine 27 types of
Cerebrospinal fluid; cytokines and chemokines in the cerebrospinal fluid (CSF) of 32 NPSLE patients. We used the CSF
Weighted-voting algorithm of 20 patients with multiple sclerosis (MS) and 22 patients with neuromyelitis optica (NMO) as a

disease control group. Fourteen of 27 cytokines/chemokines were significantly higher in the
NPSLE patients compared to the MS/NMO patients. We could identify six "minimum predictive
markers” by using a weighted-voting algorithm that could distinguish NPSLE from MS and NMO:
interleukin (IL)-17, IL-2, interferon (IFN)-v, IL-5, basic fibroblast growth factor (FGF)-basic and
IL-15. The determination of various types of CSF cytokine profiles may contribute to the
diagnosis of NPSLE and may help elucidate the mechanisms underlying this disease.
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1. Introduction

Neuropsychiatric systemic lupus erythematosus (NPSLE)
syndromes involve both the central and peripheral nervous
systems. Despite advances in the understanding of the
immunopathogenic and clinical aspects of SLE, NPSLE
remains a diagnostic and therapeutic challenge [1]. Cyto-
kines and chemokines are considered biomarkers and
therapeutic targets in NPSLE. Of note, abnormalities in
cerebrospinal fluid (CSF) have been reported in patients
with NPSLE. Increased levels of proinflammatory cytokines
and chemokines have been reported in the CSF of patients
with NPSLE, including cytokines such as interleukin (IL)-6,
IL-8, IL-10, tumor necrosis factor-alpha (TNF-a), interferon-
gamma (IFN-vy), C-C motif ligand (CCL)2/monocyte chemo-
attractant protein-1 (MCP-1) and C-X-C motif ligand (CXCL)
10/inducible protein-10 (IP-10) [2,3]. Among these, CSF IL-6
is major cytokine for the diagnosis of NPSLE. IL-6 is a
proinflammatory cytokine secreted by immune cells and
activated astrocytes, with a wide variety of functions. The
sensitivity and specificity of the diagnosis of lupus psychosis
were 87.5% and 92.3%, respectively, at the cut-off value of
4.3 pg/mL [4].

Multiple sclerosis (MS) and neuromyelitis optica (NMO)
are chronic autoimmune inflammatory diseases affecting the
central nervous system (CNS). Disruption of the blood—brain
barrier (BBB) is a known mechanism of the disease process in
these two CNS diseases. MS and NMO are also considered T
cell-mediated autoimmune diseases, and both the Th1/Th2
balance and Th17 cells play an important role in the
pathogenesis [5]. Elevated CSF IL-6 and IL-8 levels in NMO
patients have also been reported [6]. CSF IL-6 and IL-8 levels
are significantly higher in patients with NMO than in patients
with MS [6]. Similar cytokines/chemokines have been
evaluated in NPSLE, MS and NMO but the therapeutic
strategy and management are quite different among these
three diseases.

In this study we evaluated multiple cytokines, chemokines
and growth factors in NPSLE compared to MS and NMO as
disease controls. We found a specific combination of cyto-
kines, chemckines and growth factors in NPSLE that can be
distinguished from the profiles of the other two diseases. This
analysis might help clarify the mechanism of NPSLE caused by
inflammation and may provide an important resource for
pharmaceutical developments.

2. Methods
2.1. Study design and patients

We studied 32 patients who were admitted to Nagasaki
University Hospital in a 7-year period from 2006 through
2013 and fulfilled at least four of the 11 revised criteria of
the American College of Rheumatology (ACR) for the
classification of SLE [7]; they were all diagnosed with
NPSLE by rheumatologists and psychiatrists. Neuropsychiat-
ric manifestations showing psychiatric symptoms such as
mood disorder, anxiety disorder, psychosis, acute confusion-
al state, or cognitive dysfunction were evaluated by a
psychiatrist and classified according to the ACR homencla-
ture and case definitions for NPSLE [8].

All information about clinical symptoms and laboratory
data were reviewed retrospectively using the patients'
medical records. The patients' age, gender, clinical events,
results of serum laboratory tests, the CSF analysis, brain
magnetic resonance imaging (MRI), and single photon
emission computed tomography (SPECT) and their diagnoses
and treatment were all analyzed.

As disease controls, we used samples from 20 relapsing
remitting MS (RRMS) patients, samples from 22 NMO
patients, 11 normal pressure hydrocephalus (NPH) patients,
and 16 viral meningitis (VM) patients from the Department of
Clinical Neuroscience and Neurology, Nagasaki University
Hospital. For the diagnosis of NMO, we defined NMO
spectrum disorder (NMOSD) based on the revised NMO
criteria [9]. All of the NMO patients were positive for
anti-AQP4 antibodies in sera. CSF of NPH patients were used
for non-autoimmune, non-inflammatory neurological con-
trols and VM patients were used for positive controls. The
protocol was approved by the Institutional Review Board of
the Nagasaki University Hospital.

2.2, Multiplex cytokine bead assay

We performed a multiplex cytokine bead assay using
undiluted CSF supernatants and the Bio-Plex Pro Human
Cytokine Group 1 27-Plex Panel analyzed with a Bio-Plex®
MAGPIX™ Multiplex Reader (Bio-Rad, Hercules, CA) according
to the manufacturers instructions. CSF samples were
centrifuged within 30 min at 1500 rpm at 4 °C for 5 min,
and the liquid phase of the CSF was stored at —80 °C until
use. The levels of 27 cytokines/chemokines and growth
factors in the liquid phase of the CSF, namely, IL-1p, IL-1
receptor antagonist (lL-1ra), IL-2, IL-4, IL-5, IL-6, IL-7,
CXCL8/IL-8, IL-9, IL-10, IL-12 (p70), IL-13, IL-15, IL-17A,
basic fibroblast growth factor (FGF)-basic, CCL11/eotaxin,
granulocyte colony stimulating factor (G-CSF), granulocyte-
macrophage colony stimulating factor (GM-CSF), IFN-v,
IP-10, CCL2/MCP-1, CCL3/macrophage inflammatory protein
(MIP)-1a, CCL4/MIP-13, platelet-derived growth factor
(PDGF)-BB, CCL5/regulated on activation, normal T cell
expressed and secreted (RANTES), TNF-«, and vascular
endothelial growth factor (VEGF) were measured as de-
scribed [10,11].

The cytokine/chemokine/growth factor concentrations
were calculated based on the respective standard curve for
each cytokine/chemokine/growth factor concentration of
the standards assayed in the same manner as the CSF
samples. The detection limit for each molecule was
determined by the recovery of the corresponding standard,
and the lowest values with more than 70% recovery were set
as the lower detection limits. All samples were analyzed in
duplicate.

2.3. Construction of diagnostic systems

Next, we selected which of the 27 cytokines/chemokines/
growth factors were useful markers for distinguishing
NPSLE from MS and NMO. The weighted-voting (WV)
algorithm was used as described [12,13]. The ranking of
the 27 cytokines/chemokines for this algorithm was based
on the signal-to-noise ratio (SNR). For each marker set of 27
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cytokines/chemokines/growth factors based on the absolute
value of the SNR, we calculated the sensitivity, specificity,
accuracy, positive predictive value, negative predictive
value, and Matthews correlation coefficient (MCC). The MCC
is used as a measure of the quality of binary (two-class)
classifications. We defined the “distinction set” as a set that
had a minimum number of markers with higher MCCs.

In the WV algorithm, each marker belonging to a
predictor set is assighed a vote value, and prediction is
based on the relative vote value in NPSLE and in MS and
NMO. The vote value of marker ‘a,’ v,, and the weight of
marker ‘a,” w,, are calculated by the following two
formulas:

Vg = Wg X

X na ‘Yoa

Sna *+ Soa ‘

a=

Here, X, is the expression level of each marker a in a CSF
sample. X, is the mean expression level of each marker ‘a’
in NPSLE in the learning set. X,, represents the mean
expression level in the other diseases (i.e., MS and NMO). S,
is the standard deviation in NPSLE, and S,, represents the
standard deviation in the others. The SNR used for ranking
the markers is the absolute value of W,; the diagnostic
markers were selected in descending order of SNR. We
selected ‘i’ pieces of markers, in the order of the absolute
number of SNR, and we defined the prediction strength (PS)
value of the i pieces of markers using the following formula:

i
v
Prediction strength value = __Z.T_n:—ﬁ
[Val

n=1

In the case of missing values, the vote of the gene is
assigned as 0. PS is defined in which positive and negative PS
indicates the prediction of others and NPSLE, respectively.

2.4. Statistical analysis

We used a t-test and the nonparametric Wilcoxon rank sum
test for the inter-group comparisons of multiple variables.
The Spearman rank correlation coefficient was used for the
analyses of correlations between cytokines, chemokines,
and growth factors in the patients with NPSLE, MS and NMO.
All of the statistical analyses were performed using JMP®
Pro10 (SAS Institute, Cary, NC, USA) and R Statistical
Software (Foundation for Statistical Computing, Vienna,
Austria). The significance level was set at p < 0.05.

3. Results
3.1. Demographic and disease-related variables

Supplementary Table 1 shows the demographic and
disease-related characteristics of the 32 NPSLE patients at
examination. Thirty-one of the 32 patients (96.9%) were
females. The median age at the onset of NPSLE was 34.9 yrs,
ranging from 15 to 50 yrs. The median duration from SLE
onset to first neuropsychiatric event was 8.7 yrs. The

median SELENA-SLEDAI score at the disease onset of NPSLE
was 13.3. The median levels of anti-ds-DNA antibodies (U/mL),
C3 (mg/dL) and C4 (mg/dL) were 20.2, 86.3 and 19.4,
respectively. The median level of CSF IgG index was 0.61.
Seven (21.9%) of the NPSLE patients also fulfilled the criteria
for the antiphospholipid syndrome. Eight (25.0%) of the
patients had anti-ribosomal P antibodies, and 17 (53.1%)
patients had abnormal MRI findings.

A total of 39 neuropsychiatric manifestations were ob-
served in the 32 NPSLE patients. Nine of the 19 ACR Ad Hoc
Committee classifications of NPSLE manifestations [2] were
identified in this study (Suppl. Table 2). Nine of the 32 (28.1%)
patients presented more than one NPSLE manifestation. Most
of the NPSLE manifestations (97.4%) were in the CNS. The most
frequent manifestation was headache (35.9%), followed by
psychosis (25.6%) and mood disorder (12.8%).

3.2. Comparison of cytokine/chemokine/growth
factor levels

We analyzed 32 NPSLE patients, 20 RRMS patients, samples
from 22 patients with NMO, 11 NPH patients and 16 VM
patients. The representative results are shown in Supple-
mentary Fig. 1. Although some of the cytokine and
chemokine levels of the VM patients were extremely high
compared to the other groups, we did not observe any
significant differences among the NPSLE, MS and NMO
groups. We therefore referred to a previous report [14] and
compared the results among only the present NPSLE, MS and
NMO groups. Since there was no significant difference
between the MS and NMO groups (Fig. 1), we speculated
that it is problematic to distinguish MS and NMO, and we thus
compared NPSLE and the “others” (i.e., the combined group
of MS and NMO patients).

Fourteen of the 27 cytokines/chemokines/growth factors
were significantly higher in the NPSLE group compared to
the others (Table 1). CSF IL-6 and IL-8 levels, which had been
reported to be increased in NPSLE and NMO, were not
significantly different between the present NPSLE group and
the others. Only the CSF level of IL-1p was lower in the
NPSLE group compared to the others.

3.3. Ranking of the cytokines/chemokines/growth
factors for diagnosing NPSLE

Our ranking of the cytokines/chemokines/growth factors for
diagnosing NPSLE determined by the weighted-voting algo-
rithm showed that the combination of IL-17, IL-2, IFN-vy,
IL-5, FGF-basic and IL-15 had the highest MCC (88.99%).
According to this method, the accuracy of discriminating a
responder from a non-responder was 94.59% (Table 2). The
WV values (v,) of each of these six markers and the PS value
were obtained by the formulas shown in Supplementary
Table 3; X, is the expression level of each marker ‘a’ in a CSF
sample.

4, Discussion

NPSLE is still diagnosed based on a combination of clinical
observations, laboratory tests and imaging techniques,

— 193 —



Distinguishing the CSF cytokine profile in NPSLE from other autoimmune neurological diseases 117
A B
L *% P<0.0001 L dede Pl
(pg To) *% P<0.0001 (rg n:s) *% P<0.0001
351 ° NS P=0.0644 14 ° _NS P=0.7154
301 121
N~ ° N
= 251 y, 10 °
é 5- ..: Y =‘ | .:...
20 'a'f:.f i ° 81 ot
i ST S o Tiate
101 0...0 _.!sr_:_ 4 1 Sc _cl::oao- ogod 00%
4 ¢ ® o0 4 ¢ o o Bt
5 o0 2 ® °
0 29 0 . L 0 %o
NPSLE MS NMO NPSLE Ms NMO
c %% P<0.0001 .
* P<
I SN %% P<0.0001
(PQ/;‘:)L) %% P<0.0001 (pg;';“') %% P<0.0001
. !
601 _Ns p-09a2s 5l ¢ NS P=0.9315
1.6 1 ° -
507 . 1.4 o .
g w0l <° 31.2- oo
301 oE' 101 % o
o®o, - 0.8 _031'.3._ : °
201 W 00, 0.6 { o000 . % »
_.m_ 0.4 O 09000
el B O = T 02| e THNL Sohs-
0 " ; - 0 - - :
NPSLE MS NMO NPSLE MS NMO
E » F
(pg/mL) * :;0.0302 0001 Ak P<0.0001
" A (P:)"“'-) *% P<0.0001
_NS P=0.4954 } o NS P=0.9730
25 ° |
L (AL . .=
@, | %o
@ 20 ® n
i - o L 30] eage’
G 15 weeplss;  o° = 0 032
'S = ® ° o9 © .0 204 ® ° i .‘... °
101 % ] 0% °s %° _-34_!“_
o g o0 ° 2 —o8%5% % o
5 H ®%0 0% 104 H ®e
[ ]
NPSLE Ms NMO NPSLE Ms NMO
Figure 1

because there are no specific markers for NPSLE. Multiple
cytokines and chemokines have been implicated in the
pathophysiology of NPSLE. Previous studies obtained evi-
dence of the intrathecal production of IL-6 [3,4] and other
cytokines including IL-8 [3,15], IL-10 [16], TNF-a [16] and
IFN-v [17] in patients with NPSLE. Cytokines associated with
NPSLE are produced by neuronal and glial cells, probably in
response to autoantibodies within the intrathecal space.

MS and NMO, chronic autoimmune inflammatory diseases
affecting the CNS, are sometimes difficult to distinguish
from NPSLE. An overlap diagnosis often referred to as lupoid
sclerosis has been described [18]. In SLE, MS and NMO, the
BBB is pivotal. There is evidence implicating BBB damage as
an important component in the development of NPSLE, MS
and NMO, occurring through damage to the barrier's integrity
by environmental triggers such as cytokines, chemokines and
growth factors.

For example, the stimulation of human brain microvessel
endothelial cells (HBMECs) with cytokines such as IL-1p, IL-8,
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TNF-a, and IFN-v is known to induce increased permeability
of the monolayers [19,20]. Additionally, CSF from NPSLE
patients with IL-6 and IL-8 was correlated with MMP-9 levels,
and the latter is associated with degradation of the BBB
extracellular matrix [21]. In both an in vitro investigation
and in CCR2™/~ mice, CCL2 signaling appeared to play a role
in BBB disruption [22,23].

We found that 14 of the 27 CSF cytokines/chemokines/
growth factors used in the present study were significantly
higher in the NPSLE group compared to the others
(Table 1). In addition, we measured the serum markers of
NPSLE, MS and NMO at nearly the same time that the
lumbar puncture was performed. We found that serum
IL-15 and IFN-y were significantly increased in the
non-NPSLE patients compared to the NPSLE patients
(Suppl. Table 4). It is interesting that these results were
the inverse of the CSF cytokines' results, and these results
might indicate that BBB disruption is much stronger in
NPSLE compared to non-NPSLE.
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Table 1 Comparison of each marker in cerebrospinal fluid among NPSLE, MS and NMO. P-value of each disease vs. the other two
is shown.

Marker NPSLE vs. others MS vs. others NMO vs. others Up/down of NPSLE
vs. others
IL-17 7.1981E-13 0.005200983 6.06716E-08 Up
IL-2 1.79273E-09 0.000183297 3.05064E-07 Up
FGF-basic 3.17974E-08 0.048298753 0.000240424 Up
IL-5 1.73358E-07 0.001280693 0.000544469 Up
IL-15 2.32436E-07 0.003814834 0.000574384 Up
IL-9 3.0018E-07 0.000287076 0.041266563 Up
IFN-y 1.15444E-06 1.34983E-05 0.000209175 Up
IL-12(p70) 2.06811E-06 0.016465613 0.001083612 Up
IL-10 1.28056E-05 0.001591964 0.00011084 Up
IL-7 2.57896E-05 0.01531653 0.004787909 Up
GM-CSF 0.000174931 0.822364295 4.22879E-05 Up
1L-13 0.000194842 0.023994687 0.022546951 Up
TNF-a 0.000984547 0.002751192 0.012722463 Up
Eotaxin 0.002694469 0.005361471 0.00337151 Up
IL-8 0.923993657 0.003915445 0.106276224 Up
IL-6 0.974937316 0.014641205 0.153928475 Up

CSF IL-6 is a major cytokine for the diagnosis of NPSLE
because of its sensitivity and specificity in certain condi-
tions [4]. Elevated CSF IL-6 levels in NPSLE and NMO patients
have been reported [3,6]. However, our present findings
showed that there was no significant difference in the CSF
IL-6 levels among the NPSLE, MS and NMO patients (data not
shown). We speculate that CSF IL-6 is involved to some
extent in the pathogenic mechanism of all of these
autoimmune neurological diseases, and thus CSF IL-6 was
not a marker that could be used to distinguish them.

Our study shows for the first time identified predictive
markers in the CSF of NPSLE patients compared to MS and
NMO patients. Among them, IL-17, IL-2, IL-5, FGF-basic and
iL-15 have not been well documented in NPSLE. There has
been an increasing focus on the role of Th17, which might be
a promising therapeutic target for SLE. CD3 + CD4(-)CD8(-)
(double-negative) T cells are an important source of IL-17 in
SLE. IL-17 produced by double-negative and CD4 T cells
participates in the pathogenesis of SLE [24]. IL-17 promotes
the production of IL-6 [25] and other inflammatory

mediators by endothelial cells, fibroblasts, macrophages
and astrocytes [26].

IL-2, a cytokine with multifaceted effects, is important
for immune cell activation and peripheral tolerance. The
therapeutic efficacy of IL-2 in SLE has been suggested
[27,28]. In ancther study, no association with IL-2 was found
in NPSLE patients who had neurological symptoms without
evidence of a neurological disease [29]. However, our
patients’ backgrounds are different from those of the
patients in that study; we compared NPSLE patients with
those with other autoimmune neurological disorders. The
meaning of elevated I[L-2 in NPSLE requires further
investigation.

As with IL-2, IL-15 can expand T-cell populations, and
IL-15-deficient mice have greatly reduced numbers of
lymphocytes [30]. Moreover, IL-15 can promote excessive
antibody production in B cells [31]. Increased levels of serum
IL-15 have also been observed in patients with SLE, and the
IL-2R are correlated with markers that are potential targets
of IL-15 [32].

Table 2 Ranking of the cytokines/chemokines for the diagnosis of NPSLE determined by a weighted-voting algorithm with the

highest Matthews correlation coefficient.

Marker TP FN TN  FP  Sensitivity  Specificity = Accuracy  Positive Negative MCC
predictive value  predictive value

IL-17 29 3 38 4 90.63% 90.48% 90.54% 87.88% 92.68% 80.83%
IL-2 28 4 39 3 87.50% 92.86% 90.54% 90.32% 90.70% 80.69%
IFN-v 28 4 41 1 87.50% 97.62% 93.24% 96.55% 91.11% 86.38%
iL-5 28 4 41 1 87.50% 97.62% 93.24% 96.55% 91.11% 86.38%
FGF-basic 28 4 40 2 87.50% 95.24% 91.89% 93.33% 90.91% 83.49%
IL-15 30 2 40 2 93.75% 95.24% 94.59% 93.75% 95.24% 88.99%
IL-8 7 25 39 3 21.88% 92.86% 62.16% 70.00% 60.94% 21.35%
IL-6 7 25 39 3 21.88% 92.86% 62.16% 70.00% 60.94% 21.35%

TP: true positives (predicted positive, actual positive); FN: false negatives (predicted negative, actual positive); TN: true negatives
(predicted negative, actual negative); FP: false positives (predicted positive, actual negative). MCC: Matthews correlation coefficient.
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