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Fig. 4 Comparison of enzyme-linked immunosorbent assay (ELISA)
autoantibody titers against 70-kDa polypeptide of the Ul-ribonucleo-
protein (RNP) complex (U1-70k) (a) and UI-RNP (b) between
systemic lupus erythematosus (SLE) patients with or without
psychiatric syndromes (n = 15 and 91, respectively) and between
135 normal healthy controls (NHCs) with anti-Ul-70k antibody
ELISAs or 28 normal healthy controls with anti-Ul-RNP antibody
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Fig. 5 Comparisons of enzyme-linked immunosorbent assay

(ELISA) autoantibody titers against 70-kDa polypeptide of the Ul-
ribonucleoprotein  (RNP) complex (U1-70k) (a) and UI-RNP
(b) between systemic lupus erythematosus (SLE) patients with or
without neurologic syndromes (n = 21 and 85, respectively) and
between 135 normal healthy controls (NHCs) with anti-U1-70k

pathogenic in the CNS, but they may cause damage to the
blood-brain barrier. If other factors increase the permeability
of the blood-brain barrier, serum anti-U1-70k antibodies
could be directly pathogenic in the CNS. Because the CSF
was not sampled in this study, and because no circulating
biomarkers of blood-brain barrier permeability were asses-
sed, the question of whether autoantibodies were present
within the intrathecal space was not addressed. Moreover,
interferogenic activity, the ability of the serum or the CSF to
induce interferon (IFN)-« synthesis in the presence of an IFN-
producing cell, in the CSF of SLE patients is significantly
correlated with serum anti-U1-RNP antibody levels but not
with other known antinuclear antibodies [40]. Therefore,
anti-U1-RNP antibodies and their immune complexes in the
CSF may have pathogenic roles in NP-SLE [23].

In NP-SLE, levels of serum autoantibodies do not
always reflect their behavior in the CSF [5]. Actually, Sato
et al. [23] reported that the frequency of anti-U1-RNP
antibodies in the CSF and the anti-U1-RNP index is higher
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ELISAs. Levels of anti-U1-70k antibodies were significantly elevated
in SLE patients with psychiatric disorders compared with SLE
patients without psychiatric disorders (p = 0.030 by the Steel-Dwass
multiple comparison test) (a). By contrast, no significant difference
was observed in the levels of serum anti-U1-RNP antibodies in SLE
patients with or without psychiatric syndromes (b) (p = 0.555)
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antibody ELISAs and 28 NHCs with anti-U1-RNP antibody ELISAs.
No significant difference was observed in the levels of serum anti-U1-
70k antibodies (a) or anti-U1-RNP antibodies (b) in SLE patients with
or without neurologic syndromes (p = 0.61 and 0.51, respectively by
the Steel-Dwass multiple comparison test)

in SLE patients with CNS syndromes than in those without,
whereas no association was observed between the presence
of serum anti-UI-RNP antibodies and CNS syndromes in
SLE. However, the reason for these conflicting results may
be explained simply by our finding of associations between
serum anti-Ul-70k antibodies and psychiatric syndromes,
but not with CNS syndromes as a whole, in SLE patients.
Alternatively, this finding may be related to the heteroge-
neity of patients with CNS lupus or the methodological
differences between Sato et al.’s RNA immunoprecipita-
tion assay and our ELISA.

Anti-Ul-70k antibodies were not present in serum
samples obtained from some SLE patients with psychiatric
syndromes, probably because several different autoimmune
and inflammatory mechanisms are likely to play roles in
the pathogenesis of NP-SLE [6]. Again, a single pathogenic
mechanism is unlikely to be responsible for all of them.
Lupus-specific mechanisms underlying NP disease include
vasculopathy of the intracranial vessels, local or systemic
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production of inflammatory mediators, and generation of
specific autoantibodies.

Because some elements in this study design may limit
its strength, the novel findings, although promising, require
cautious interpretation and further investigation before
leading to firm conclusions. First, study validity could be
improved by a larger sample size and a nonretrospective
study design, although our sample size was comparable
with that of the majority of previous studies dealing with
anti-UI-RNP antibodies or CNS syndromes in SLE
patients. Second, because participants were mostly Japa-
nese, it is not clear whether anti-U1-70k antibodies have
different effects on psychiatric/CNS syndromes in patients
of different ethnic backgrounds. In fact, ethnic differences
have been reported in the frequency of end-organ
involvement in the Miami MCTD versus the Missouri
Caucasian MCTD study groups [16]. Third, although we
speculate that patients with high anti-Ul-RNP antibody
titers but without anti-U1-70k antibodies measured with
ELISA also possessed antibodies against Ul-A, U1-C, or
Ul1-RNA, some of the serum samples might have reacted
with epitopes altered by the UI-RNA binding to U1-70k
[33], which we did not assess. Finally, the biological
relationship between the ubiquitous protein (i.e., U1-70k)

and CNS specificity was not clear, although we speculated

above on several possible pathological mechanisms, citing
literature information.

In conclusion, despite its limitations, this study suggests
that anti-U1-70k antibodies in serum are associated with
psychiatric syndromes but not with CNS syndromes as a
whole or with neurologic syndromes in SLE patients. The
anti-U1-70k antibodies might be involved in pathological
mechanisms of SLE psychiatric syndromes. Determining
the precise role of anti-U1-70k antibodies in the patho-
genesis of CNS syndromes and their usefulness as bio-
markers in SLE patients will require further study,
including investigations employing animal models.
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Urinary free light chain is a potential biomarker
for ISN/RPS class HI/IV lupus nephritis
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Abstract

Objectives. To evaluate the use of urinary free light chains (FLCs) as a biomarker for proliferative LN and
the potential association between the intensity of plasma cell infiltration of the kidney and urinary FLC
levels in LN.

Methods. Forty-three SLE patients were consecutively enrolled in the study. These patients were divided
into an International Society of Nephrology and Renal Pathology Society (ISN/RPS) class lII/IV LN subset
(n=18) and an ISN/RPS class I/lI/V (class non-lIl/IV) LN subset (n=25). The expression of k-LCs, A-LCs,
CD19 and CD138 in kidney specimens was also evaluated with immunohistochemical staining.
To measure FLC levels before and after treatment, an additional six patients with class II/IV LN were
consecutively enrolled.

Results. Urinary FLCs were significantly higher in the class lIl/IV LN subset than in the class non-llI/IV LN
subset. Urinary A-FLC levels were significantly correlated with the urinary protein-creatinine ratio in the
class llII/IV LN subset (rs=0.67, P < 0.01). Moreover, the LC-secreting CD197/CD138" cell counts in the
kidney specimens were higher in the class [Il/IV LN subset than in the class non-lll/IV LN subset. Total
urinary FLC levels were correlated with the numbers of CD138* cells in the kidney (r=0.71, P=0.03).
Following treatment, urinary A-FLCs could not be detected in any of the patients.

Conclusion. The intensity of plasma cell infiltration of the kidney is associated with urinary FLC levels.
Urinary FLCs are potentially useful biomarkers in ISN/RPS class lIl/IV LN or proliferative LN.

Key words: lupus nephritis, free light chain, plasma cell, disease activity.

in patients with WHO class IV LN compared with 2.6%
in patients with non-class IV LN [3]. In general, com-
bination therapy with corticosteroids and immuno-
suppressive agents (IAs), such as cyclophosphamide
and mycophenolate mofetil, is recommended for
class lII/IV LN, as defined by the International Society of

Introduction

SLE is an autoimmune disease with multiple organ mani-
festations, including skin lesions, arthritis, serositis, neph-
ritis and neuropsychiatric and haematological disorders.
LN is a common complication of SLE; the frequency of LN

is approximately 31-65% among SLE patients in the USA
and Europe and 45-86% in Japan [1]. The long-term prog-
nosis for LN has improved [2]. However, WHO class IV LN
is one of the most common contributors to end-stage
renal failure (ESRF). The frequency of ESRF is 40.9%
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Nephrology and the Renal Pathology Society (ISN/RPS).
The early diagnosis and appropriate management of ISN/
RPS class HI/IV LN is critical for improving the renal and
overall survival of SLE patients.

Conventional clinical parameters of SLE, such as the
levels of serum complement, anti-dsDNA antibodies,
creatinine and proteinuria, are assessed to evaluate dis-
ease activity and predict complications of ISN/RPS class
I/IV LN in SLE patients [4]. However, these markers are
not always sufficiently sensitive or specific to detect on-
going disease activity and early relapses of LN. Numerous
novel biomarkers, such as serum and urinary cytokines,
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chemokines, adhesion molecules and growth factors,
have been evaluated for monitoring treatment response
and detecting early renal flares in LN [5]. In particular,
urinary biomarkers are more promising than serum bio-
markers, possibly because the former result directly
from kidney inflammation or injury [5].

It was recently reported that large numbers of
anti-dsDNA antibody-secreting plasma cells were present
in the kidneys of NZB/W mice and that differentiated
(long-lived) plasma cell infiltration of the kidney medulla
was associated with more severe LN in SLE patients [6].
A normal immunoglobulin molecule is composed of two
light chains (LCs) and two heavy chains. During normal
immunoglobulin synthesis by B cells/plasma cells, most
L.Cs bind to heavy chains. Unbound LCs are released from
B cells/plasma cells as free light chains (FLCs) [7]. Serum
FLC levels are strongly correlated with global disease
activity in SLE and may have applications as biomarkers
[8]. Furthermore, urinary FLC levels may be useful as
quantitative markers of in vivo polyclonal B cell activity
[9]. Moreover, more severe renal inflammation and
a higher risk of disease relapse are associated with
increases in urinary FLCs in SLE patients {10, 11]. The
findings of the above studies indicate that FLC synthesis
by B cells/plasma cells is activated both systematically
and locally (in the kidneys) in LN.

However, relationships between serum and urinary FLC
levels, associations between serum or urinary FLC levels
and pathohistological findings such as ISN/RPS class lil/
IV LN and class non-lll/IV LN and correlations between
FLC levels and the infiltration of B cells/plasma cells in
the kidney have not yet been evaluated by previous stu-
dies in LN. In the present study, we measured both serum
and urinary FLC levels and investigated the differences
between ISN/RPS class IlI/lV LN and ISN/RPS class
non-ll/IV LN at the FLC level.

Materials and methods

Patients

A total of 43 patients with SLE were enrolled in the study.
These patients were admitted to our hospital between
2004 and 2006 and consecutively underwent renal biop-
sies after written informed consent was obtained. All the
patients were diagnosed with SLE based on the criteria of
the ACR [12] and were admitted to our institution because
of active SLE-associated symptoms. Of these 43 patients,
41 were Japanese and 2 were non-Japanese Asians.

To evaluate the serum and urinary FLC levels before
and after treatment, another six Japanese patients with
ISN/RPS class 1II/lV LN were consecutively enrolled from
2009 to 2010. This study was approved by the ethics
committee of our institution (Institute of Rheumatology,
Tokyo Women’s Medical University), in accordance with
the Declaration of Helsinki.

Data collection

Information that included clinical manifestations and
laboratory data was obtained from the patients’ medical

2150

records. Urinary measurements, including proteinuria
and haematuria (by dipstick), urine sediment, protein-
creatinine ratio, serum albumin, creatinine, complement
components (C3 and C4), IlgG and anti-dsDNA antibodies,
were evaluated upon admission and prior to the renal
biopsy. C3 and C4 were measured using the standard
method. Anti-dsDNA antibodies were detected with a
radioimmunoassay, with <861U/ml considered normal.
Antibodies against $S-A, U1-snRNP and Sm were mea-
sured with double immunodiffusion. Antibodies against
cardiolipin and p2-glycoprotein | were measured with
ELISA. The estimated glomerular filtration rate (eGFR)
was calculated according to a previously described
method using parameters that included serum creatinine
levels, age and sex [13]. The SLE disease activity of each
patient at admission was assessed using the SLEDAI-2K
[14]. The SLEDAI-2K renal scores included urinary casts
[haeme-granular or red blood cell (RBC) casts], haema-
turia [>5 RBC/high-power field (HPF)], proteinuria (urinary
protein-creatinine ratio >0.5) and pyuria [>5 white blood
cells (WBC)/HPF].

Measurement of serum and urinary FLCs

Sera and spot urine samples were obtained shortly
before the renal biopsies were performed and were
stored at —80°C. Both serum and urinary FLCs were
measured with a nephrometric assay (the Freelite). The
normal values for serum «-FLCs and x-FLCs were
3.3-19.4 and 5.7-26.3mg/l, respectively [15]. The normal
values for urinary x-FLCs and A-FLCs had not been
previously determined, although FLCs are present in the
urine of healthy individuals only at extremely low concen-
trations [7]. The FLC values from the spot urine samples
correlated well with those from the 24-h urine samples
(r=0.71, P<0.01, data not shown). Therefore the
FLC values from the spot urine samples were not
corrected for urinary creatinine, as with the urinary
protein-creatinine ratio.

Evaluation of renal pathohistology

The renal pathohistological findings were categorized
according to the 2003 ISN/RPS classification system
[16, 17]. In addition, we evaluated the infiltration of im-
munoglobulin LC-secreting B cells/plasma cells into the
kidney cortex and medulla in ISN/RPS class llI/IV LN and
compared the measurements with those from the ISN/
RPS class V samples. We selected biopsy samples that
included sufficient portions of the medulla (with a cortex/
medulla proportion < 1). Ultimately five ISN/RPS class lil/
IV samples and four ISN/RPS class V samples fulfilled the
criteria described above.

Immunohistochemical staining was performed for
x-LCs (DAKOQ, Tokyo, Japan, A0191), A-LCs (DAKO,
A0193), CD19 (DAKO, M7296) and CD138 (DAKO,
M7228) using the standard method. To evaluate the inten-
sity of the cellular infiltration, positively stained cells were
counted in all the fields of the samples. The total cell count
of each sample was divided by the entire area of the
sample (cell count per mm?).
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Statistical analyses

Statistical analyses were performed using a x° test to
compare frequencies, a t-test to compare mean values
and the Mann-Whitney U test to compare median
values. Correlation coefficients were calculated as
a Pearson’s correlation coefficient or Spearman’s rank
correlation if applicable. The urinary protein-creatinine
ratio, the anti-dsDNA antibody levels and the serum and
urinary FLC levels before and after treatment were com-
pared using the Wilcoxon signed-rank test. The data were
analysed with JMP software (SAS Institute, Cary, NC,
USA). P-values < 0.05 indicated statistical significance.

Results

Comparison of clinical manifestations between
ISN/RPS class HI/IV and class non-llI/IlV LN subsets

The 43 enrolled patients were divided into the following
two subsets: an ISN/RPS class HI/IV LN subset and an
ISN/RPS class I, Il or V (class non-llI/IV) LN subset. The
combined classes Il and V and classes IV and V were
referred to as class lll and class 1V, respectively. The fre-
quencies of LN classified as ISN/RPS classes |, II, lil, IV
and V were 9 (21%), 7 (16%), 8 (19%), 10 (23%) and 9
(21%), respectively. As shown in Table 1, the median age,
sex, frequency of prednisolone (PSL) or IA administration
and PSL dosage did not differ between the two subsets.
The urinary protein-creatinine ratio was higher (P=0.01)
and the serum albumin level was lower (P=0.03) in the
ISN/RPS class HI/IV LN subset than in the ISN/RPS class
non-lI/IV LN subset. The complement level was lower,

TasLe 1 Comparison of the clinical manifestations of the
subset

ss |
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and the anti-dsDNA antibody titre and the SLEDAI-2K
total score were higher in the ISN/RPS class Ill/IV LN
subset.

Comparison of serum and urinary FLC levels between
ISN/RPS class III/IV and class non-llI/IV LN subsets

As shown in Table 2, the serum «x-FLC levels were signifi-
cantly higher in the ISN/RPS class IlI/IlV LN subset than
in the ISN/RPS class non-IlI/IV LN subset, although the
median values and interquartile ranges were within the
normal limits in each subset. There were no signifi-
cant differences in serum i-FLCs between the two
subsets.

In contrast, both urinary k-FLCs and A-FLCs were sig-
nificantly higher in the ISN/RPS class llI/IV LN subset than
in the ISN/RPS class non-lil/IV LN subset (P=0.02 for
both). In the ISN/RPS class non-llI/IV LN subset, no urin-
ary 1-FLCs were detected in 13 (62%) of 25 patients.

Relationship between serum and urinary FLGCs

No significant correlations were found between the
serum and urinary x-FLCs in both the ISN/RPS class
non-Ill/IV LN subset and the ISN/RPS class IlI/IV LN
subset (Fig. 1A). In addition, there were no significant
correlations between serum and urinary A-FLCs in either
subset (Fig. 1B).

Associations between SLEDAI-2K scores and
serum/urinary FLCs

We analysed the correlations between the SLEDAI-2K
total or renal score and serum or urinary FLCs in all the

ISN/RPS class llI/IV LN subset and the class non-Illi/IlV LN

2 0.66
Female, n (%) 18 (100) 96) 1.00
Patients who received PSL, n (%) 5 (28) 11 (44) 0.35
Dosage of PSL, mg/day 0 (0-15) 5 (0-17.5) 0.43
Patients who received A, n (%) 1(6) 2 (8) 1.00
Urinary protein-creatinine ratio 0.85 (0.10-1.54) 0.07 (0.03-0.24) 0.01
Serum albumin, g/dl 3.3 (2.9-3.5) 3.8 (3.3-4.1) 0.03
Serum creatinine, mg/dl 0.54 (0.45-0.59) 0.51 (0.46-0.58) 0.68
eGFR, mi/min/1.73 m? 115 (89-124) 114 (91-135) 0.79
C3, mg/di 44.0 (32.5-70.3) 65.0 (44.8-86.5) 0.06
C4, mg/d 4.0 (2.3-7.5) 9.0 (3.8-15) 0.03
1gG, mg/dl 1956 (1635-2706) 1908 (1467-2564) 0.64
Anti-dsDNA Ab, 1U/ml 298.5 (150.3-623.8) 20.5 (7.5-29.3) <0.01
Anti-SS-A Ab positivity, n (%) 11 (61) 10 (40) 0.22
Anti-U1 snRNP Ab positivity, n (%) 6 (33) 15 (60) 0.12
Anti-Sm Ab positivity, n (%) 1 (6) 10 (40) 0.01
Anti-CLB2GP | Ab positivity, 1 (%) 2. (11) 2(8) 1.00
SLEDAI-2K total score 15 (10-21) 9 (4-12) 0.01

Except for the n (%) values, all values listed above represent median (IQR). P-values were established using a ¥* test or
Mann-Whitney U test. CLB2GP I: cardiolipin and p2-glycoprotein I; SLEDAI-2K: systemic lupus erythematosus disease activity
index 2000; SLEDAI-2K renal score: SLEDAI score with renal involvement, including urinary casts, haematuria, proteinuria and

pyuria.
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TasLe 2 Comparison of serum and urinary FLC levels in the ISN/RPS class HI/IV subset and the ISN/RPS class non-Iil/

IV subset

11.3 (8.8-17.1)

27.4 (22.8-32.9)
4.05 (2.16-8.01)
2.69 (1.04-6.25)

Serum k-FLC (mg/l)
Serum A-FLC (mg/)
Urinary x-FLC (mg/l)
Urinary A-FLC (mg/l)

0.04

(59 117

213(170 36.4) 0.13
1.0 (0.47-1.99) 0.02
0 (0-1.11) 0.02

Values listed above represent median (IQR). P-values were established using the Mann-Whitney U test.

Fie. 1 Associations between serum and urinary FLCs in the ISN/RPS class non-lIl/IV LN subset and in the ISN/RPS class

HI/IV LN subset.
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An association between serum k-FLC and urinary k-FLC (A) and an association between serum A-FLC and urinary 2-FLC

(B) in each subset.

43 enrolled patients. The serum FLC levels were not sig-
nificantly correlated with the SLEDAI-2K total score
(x-FLC: rs=0.13, P=0.40 and x-FLC: r;=0.20, P=0.20).
There was a correlation between the SLEDAI-2K total
score and the urinary A-FLC levels (rs=0.40, P=0.02), al-
though no significant correlation existed between the
SLEDAI-2K total score and the urinary «-FLC levels
(x-FLC: r¢=0.23, P=0.15) and between the SLEDAI-2K
renal score and urinary k- or A-FLC levels. Moreover,
there was no significant difference in serum or urinary
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FLC levels between the active disease (SLEDAI-2K total
score >4) subset and the inactive disease subset in either
the ISN/RPS class non-ill/IV LN subset and the class llI/IV
LN subset.

Association between urinary FLCs and conventional
biomarkers

Significant correlation was found between urinary A-FLGC
and anti-dsDNA Ab (r=0.42, P=0.01), although there
was no significant correlation between urinary 1-FLC

v rheumatology.oxfordjournals.org
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and C3 {rs=-0.14, P=0.44) in the ISN/RPS class llI/IV
subset. There were no statistically significant differences
in the urinary FLC levels between the presence of active
urinary sediments (RBC > 5/HPF, WBC > 5/HPF or
haeme-granular or RBC casts) subset and the absent
subset.

Correlation between urinary FLCs and urinary
protein-creatinine ratio

The serum x-FLCs and x-FLCs were not correlated with
the urinary protein-creatinine ratio in either the ISN/RPS
class non-lll/IV LN subset or the ISN/RPS class I/IV LN
subset. As shown in Fig. 2A, there was also no significant
association between the urinary x-FLCs and the urinary
protein-creatinine ratio in the ISN/RPS class Ill/IV LN
subset (rs=0.45, P=0.06), although the urinary x-FLCs
correlated with the urinary protein-creatinine ratio in the
ISN/RPS class non-lll/IV LN subset (rs=0.42, P=0.03).
The urinary 1-FLCs were significantly positively correlated
with the urinary protein-creatinine ratio in both the SN/
RPS class non-lI/IV LN subset (r;=0.61, P <0.01) and
the ISN/RPS class II/IV LN subset (r;=0.67, P <0.01)
(Fig. 2B). On the other hand, the C3 and anti-dsDNA

antibody levels were not associated with the urinary
protein-creatinine ratio.

To investigate an association between the levels of urin-
ary FLC and proteinuria in detail, we compared the ISN/
RPS class IlI/IV subset with the class V subset. The
median value of the urinary protein-creatinine ratio was
0.8 and 0.9 in the ISN/RPS class lIlI/IV subset and the
class V subset, respectively. There was no statistically
significant difference in the urinary protein-creatinine
ratio between the two subsets. In contrast, the ratio of
the urinary k- or A-FLC levels to the urinary proteinuria
concentration was higher in the class II/IV subset than
in the class V subset (P=0.05 and 0.01 in urinary x-FLC
and urinary 4-FLC, respectively).

Immunohistochemical staining of kidney specimens
with immunoglobulin light chains, CD19 and CD138
in ISN/RPS classes HI/IV and V LN

To compare the ISN/RPS class lIl/IV LN patients (n=5)
with the ISN/RPS class V LN patients (n=4) in terms of
the infiltration of B cells/plasma cells and the status of the
LCs synthesized by those cells in the kidney, immunohis-
tochemical staining was performed for x-LCs, A-LCs,

Fie. 2 Correlations between urinary protein-creatinine ratios and urinary FLCs in the ISN/RPS class non-lil/IV LN subset

and the ISN/RPS class 1lI/IV LN subset.
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4 r=042,P=0.03 44 1 =045, P =0.06
2 ’ i
=3 £
S 5°
R 3
22 Z2+
£ &
z A
g1 214
0 FREY ‘ 0 .
T T T T T T T ¥ T T T T T T
0 5 10 15 20 0 5 10 15 20
Urinary k-FLC (mg/1) Urinary -FLC (mg/l)
_ 7 o
B Class non-III/IV LN subset Class [L/IV LN subset
4- r=0.61,P <0.01 . 4 r.=0.67,P <0.01
E o3
6] ¢
N E
z 2] g 2]
& z
S =
o 0
T T T T T T . T N T T T i ¥
A 0 5 10 15 20

5
Urinary A-FLC (mg/1)

15

Urinary 3-FLC (mg/1})

Correlations between (A) the urinary protein-creatinine ratio and urinary x-FLC and (B) the urinary protein-creatinine ratio

and urinary A-FLC in each subset.
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CD19 and CD138 in both patient subsets. As shown in a
representative ISN/RPS class ll/IV LN case (Fig. 3A),
k-LCs and A-LCs were synthesized mainly by CD138"
cells. The k-LC* cell counts were significantly higher
(P=0.08) in the ISN/RPS class llII/IV LN subset than in
the ISN/RPS class V LN subset (Fig. 3B). In addition, the
1-LC* cell counts and the CD 138" cell counts were higher
in the class III/IV LN subset than in the class V LN subset,
although this difference was not significant (Fig. 3C and
E). The CD19* cell counts did not differ between the two
subsets (Fig. 3D). Among all of the infiltrating CD138*
cells, there were no significant differences between the
k-LC* cell count and the A-LC" cell count. Moreover, the
CD138" cells expressed virtually no CD19 in the kidney
specimens from the ISN/RPS class lI/IV LN subset.
Almost all of the CD138" cells were located around the
glomeruli or the tubulointerstitium of the margin between
the renal cortex and the medulla.

Correlation between urinary FLC levels and the
number of CD138" cells infiltrating the kidney

As shown in Fig. 3F, the total (x + %) urinary FLC levels
were significantly correlated (r=0.80, P <0.01) with the
numbers of CD138" cells infiltrating the kidney of nine pa-
tients described above (five patients with ISN/RPS class
H/IV LN and four with ISN/RPS class V LN}, although
there were no such associations with the total serum
FLC levels.

Comparison of clinical parameters before and after
immunosuppressive treatment

As shown in Fig. 4A and B, the urinary protein-creatinine
ratio and the anti-dsDNA antibody titre were lower after
treatment than before treatment (P=0.03 and 0.06,
respectively) in six patients with ISN/RPS class lIl/IV LN.
Both serum «x-FLCs and serum i-FLCs decreased, al-
though their values were almost within normal limits
prior to treatment (Fig. 4C and D). Both urine x-FLCs
and urine A-FLCs also decreased after treatment com-
pared with before treatment (Fig. 4E and F). Notably, no
urine A-FLCs could be detected in any patient after
treatment.

Discussion

The present study demonstrated that urinary FLC levels
were elevated and were associated with the intensity of
plasma cell infiltration of the kidney in ISN/RPS class 11/1V
LN patients. During normal immunoglobulin synthesis, B
cells/plasma cells release FLCs, which pass through the
glomerular filtration barrier rapidly (with a serum half-life of
2-6h) [7]. The urinary FLC levels are low in healthy indi-
viduals [18, 19]. Serum FLC levels are elevated in many
autoimmune/inflammatory diseases, and FLC levels are
strongly correlated with other markers of B cell/plasma
cell activation [8, 20, 21]. Urinary FLC levels might repre-
sent quantitative markers of real-time, in vivo polyclonal
B cell/plasma cell activity; SLE relapse has been asso-
ciated with increases in urinary FLCs [9, 10]. According
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to the previous report described by Tsai et al. [11], urinary
FLCs were not detected in patients with inactive LN (24-h
urinary excretion; range 3-20 g/day). In the present study,
the ratio of the urinary FLC levels to the proteinuria levels
was higher in the ISN/RPS class I1l/IV LN subset than the
ISN/RPS class V LN subset, although there was no sig-
nificant difference in the levels of proteinuria between the
two subsets. These results indicate that urinary FLC levels
led to not only the synthesis of FLCs or the urinary protein
excretion concentrations, but also the disease activity of
LN. Urinary FLC levels may better reflect the disease ac-
tivity of LN in real time than conventional markers.

A recent study revealed that plasma cell infiltration into
the renal medulla is correlated with the amount of inflam-
mation and the disease severity of patients with LN.
A study of NZB/W mice revealed that anti-dsDNA antibo-
dies were produced by long-lived plasma cells located in
the kidney [6]. CD138" cells that express low levels of
CD19 are compatible with a long-lived plasma cell pheno-
type [22]. Long-lived plasma cells are capable of continu-
ously secreting antibodies. These cells live primarily in the
bone marrow and secondarily in niches in the spleen and
chronically inflamed tissues, such as the kidneys in SLE or
the synovia in RA [23]. The present study demonstrated
that LCs were synthesized mainly by CD197/CD138* cells
and that the total urinary FLC levels were significantly
correlated with the numbers of kidney-infiltrating CD138"
cells in ISN/RPS class lil/IV LN. In contrast, the ISN/RPS
class non-HI/IV (e.g., class V) LN patients exhibited low or
undetectable urinary FLC levels, and the CD138" cells
infiltrating their kidneys were scarcely detectable. These
findings revealed that the infiltration of long-lived plasma
cells into the kidney may play a role in local inflammation
and that the urinary FLC levels reflect the intensity of the
plasma cell infiltration of the kidney in proliferative types of
LN, such as ISN/RPS class [lI/IV LN.

In the present study, urinary A-FLCs were not detected
after immunosuppressive therapy in any of the ISN/RPS
class I/IV LN patients. In contrast, urinary x-FLC levels
were significantly decreased (but detectable) after treat-
ment, although there was no significant difference be-
tween x-LC*/CD138" cell counts and 1-LC*/CD138" cell
counts in the ISN/RPS class llI/lV LN kidney specimens.
k-LCs and #-LCs are encoded by different chromosomes.
2~-FLCs have a dimeric structure, whereas k-FLCs have a
monomeric structure [24]. In amyloid light chain amyloid-
osis, A-LCs are involved in amyloid deposition more often
than x-LCs [25]. Although the precise molecular functions
of each type of FLC remain unknown, the molecular dif-
ferences between x-LCs and A-L.Cs might cause the dis-
crepancies in the serum and urinary levels between «-FLC
and A-FLC.

A previous study reported that serum FLC levels were
correlated with global disease activity in SLE [8]. However,
the present study found no correlation between the
SLEDAI-2K scores and the serum FLC levels. A bias in
the selection of enrolled patients may have contributed
to the differences between the results of the previous
study and ours. In this study, urinary FLC levels were cor-
related with the urinary protein-creatinine ratio, although
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Fiz. 3 Immunohistochemical staining for immunoglobulin LCs, CD19 and CD138 in ISN/RPS class IlI/IV and class V
LN kidney specimens.
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the class V LN subset (n=4). There was a positive correlation between the total urinary FLC levels and the numbers of
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Fie. 4 Clinical parameters before and after treatment.
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there were no significant correlations between the urinary
protein-creatinine ratio and serum biomarkers such as
FLC, anti-dsDNA Ab and C3. Urinary FLC could reflect
the activity of LN. However, urinary FLC is not a specific
marker for LN. Urinary FL.C may be increasing in the other
glomerulonephritis involved with plasma cells infiltration.
Moreover, serum and urinary FLC levels can be influenced
by several factors, including renal dysfunction and
hypergammopathies such as infections and multiple mye-
loma (7, 10].

There are some limitations to our study. First, the serum
and urine samples were stored for long term. This might
affect the results of the serum and urinary FLC levels.
Second, the sample size was small. We did not longitu-
dinally evaluate the urinary FLC level after treatment.
So we are unsure whether urinary FLC is a useful
biomarker as a predictor for renal relapse.
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In conclusion, urinary FLC is a non-invasive biomarker
for ISN/RPS class HI/IV LN or proliferative LN. The inten-
sity of the plasma cell infiltration of the kidney is also
associated with urinary FLC levels in LN.

Rheumatology keyimessages =

e Urinary FLCs are useful as a non-invasive bio-
marker for the response to treatment of ISN/RPS
class HI/IV LN.

e The intensity of the plasma cell infiltration of the
kidney is associated with urinary FLC levels in LN.
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4E, HBs &t T HBc Fifk 7% v L HBs HifklE
HH OB HBV BEIZ, JUF I~ T%
Ll RENHIERIC X Y, HBV BIEMEAL
X AEEFEVBIET 52 E8@mEIN,
de novoBEIF# LT TV 52, BEREE:
BREF£E&H RA I2BWTH, aVFaR
Fu4 F(CS) A MFLFH—F (MTX),
B IO TNF HEEZ2E L LAYEHEH
PEULREMFEEICLY, BIET ISR
WiFREZBI&EREITIEFBES AT
29, Plbdb, HrZBEREBRFLRA

RHEY - 68% - 35

2815 HBV BiEHERZHAL 2T 572
DIz, UTOEZfTo72".

BRE O, HHIRIC B Y 5 BEIRF
EE L E & e

1./ &

20084 1 AH 5 20094 8 B TIcFK4+ D
NkEZE L7z, 1987 FXE) v ~F %4
DHFEHEELFHF RASI6AIHLT,
HBs $UJE, HBs Hifk, HBc HifkzHlE L 7.
HBV = —7%—i%, kD CLIA ¥ (HBs #i
B:7—%77 b HBsAg QT, HBs ¥tk :
7—%57 b Anti-HBs 3 & T° HBc #ifk :
7—%72 b Anti-HBc ; TRy b Yy
T, BR) THAVWTHRHE L. BEH HBs
EBE, &L <k HBs HUEABRME T HBs
$ifk and/or HBc VLB TH 25412,
HBVDNAEZW®EL7-. ERBEEIZ
2.1 log copies/ml T&H o 7z. HBV DNA Ol
ERERPERETH oS WTITEEEZ 3 v B
TEITEDYBELEML, HBVDNA 2SI
ZUNTHEZBAKRYELERKL /2. HBV
DNA £l, /852 TagMan HBV [#4— } |
v20 MY a - ¥ATT I AT 4 v 7 A%, B
) ZAVWTEERLRZ. 352 AmpliPrep
zRAVWTME» LEBRME 21T, V75
A2 PCR ¥EBTHAHINA TagMan = H
WTHEBBLIUHEZERB L. AYERNE
# b &0 7-EYREIL, HBV DNA E#/H
bTHIELEdok. TRTOBMBRO M
BEERIBVWTEARBROERIFER SN,
TRCOBEPOXBLLLRELHE L.
FEEHEMTIE, Fisher EHEMERME, Student
t MEP L " Mann-Whitney U REZBW
T, N—A574 VOBREERRFEY T
—7HETHE L. W pEI=<005 OGE
WAEEBLRZELRZ L. Cox HENY— 4
WET, EWEHEH, MTX, CSBIUE
Bisgiiy v~ 7% (DMARD) 2% HBV
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¥ £ BRFXEFEMHAORRE S - KR, 0¥, V<7, BEESORRE BT C-

87(397)

£ 1 HBVDNA BEML () BE () HlH U3 BEEERTH L AERBIIOREMEOtE

CRP (mg/d/) 0.92+2.46 (0.09)

1 ISERE ()

HBV DNA BEiEMAL (+)
{(n=13)
& (R 66.6 +10.7 (67.6)
¥ (n) 8 (61.5%)
RA FREEHAR (%) 8.0+7.7 (4.7)

ESR (mmvh) 26.0 £30.0 (13.0)
IgM RF (1U/m/) 46.2 +34.0 (49.3)
AST (Uh) 25.5+6.5 (27.0)
ALT (U 19.9+6.8 (20.5)
1gG (mgrdl) 1,454 £ 573 (1,382)
FFREREL (/pf) 3,326 £1,567 (2,722)

1,503 =425 (1,431)

HBV DNA Bi&t(t (-)
(n=144) p 1@
649+ 11.8 (66.2) 0.670
114 (77.9%) 0.505
7.6+£9.0 (4.0) 0.241
1.04+2.11 (0.20) 0.218
26.1 +26.8 (15.0) 0.476
88.0+151.2 (24.5) 0.791
27.9+16.4 (23.0) 0.688
26.0+19.2 (19.0) 0.959
1,432+ 450 (1,358) 0.604
4,462 + 2,302 (3,868) 0.063
1,732 £813 (1,562) 0.323

BB + BEREE (PRE) & LORT.

RA: &Y v <5, CRP:CREMESY > 37 &, ESR: RMERLERE, Ig: REF0TY) ¥,
RF: Yo hA FEF, AST: TANRSKEVBTII S VAT 25 —F,

AT 79273 Vo AT725—E

DNA BHOBEEILICEST 5 BT % 75
L7z, 612, AT v 774 ZAEBBAEIC
IBEEUIAT4 v JERET NG EE
L7z, 3T, ]JMP N—T 3> 80
V7 ry 7 (JMP T x /3 EHER, ER)
=RVCERL 7.

2. % R

516 FINBEEDOERRFEZERTIIRT.
HBs BB 7 TH - 72D L, HBs
HIEASEe{E: T HBs ik and/or HBc Hifhas
BHEDr— 213 157 B TH o7 (304%). BE
B BREIFF4 RA BEIZB VT, HEBBHN
® HBV DNA 2Bl cEETHo /2. 26
T »BHEOE=%) Y FRERBL-LS
%, 157 FH 136 (83%) T HBV DNA #%
HBiEH{t (B3 344 1og copies/ml) L7228,
SR THERIZIEE TH-7 (1), HBV
DNA OBEEHALZ R LA 13F0FHE R 2
IZRT. 13 Bl 10 ESITIRAED ZREH
Fvi7-iBERIC HBV DNA 2% & hi-o
L [& 27 b (ETN, n=8), 7N

7 =2, TFILTT (=1), 41~
7YF =<7 (n=1), PYI) X< (n=1),
VYERv=T7 (=11, 3EATEIEYZF
BSFNC X 5 A% 7% LIZ HBV DNA 2%
ENTwa. &8, EF S5 Tk 2 @O HBV
DNA Bt B0 5hlz. HBPIC RA
HBHEICH V72 DMARD B X UREMFHE o
y4TE, ZERERELZI-EBEONEE
TIWRT. 13 flF2HOBETIE, LY
A VAEEEITHTIC HBV DNA »Rtk &
o lzA, 13HIF 10 FITIE Y 7 h ¥k
#I2 X oT HBV DNA H»FB#HibL7: (B
33# H). By 1413, HBV DNA 2Bt
%, REFRHOZRIEER L.

HBV DNA BE®LICEST 2 HFICD
WTHENZERL: (R3). BURGEBAEJF
% RA BEICH LERIN-EHIZOWT,
HBV DNA BEEE (+) B (&) #oHE
i, AYENEA (769% % 36.1%, p=
0.006), ETN (615% %t 22.2%, p=0.005),
MTX (769% *f 465%, p=0044), BHE
CS (154% xt 1.4%, p=0035) BX V% 2~



2 HBV DNA BB - 13 EFDRERE CRET -4

HBV DNA 38 H 5

i RA BEMR sanosyz) | MTX DMARD 2V F=YH> HBVDNA . __ . =~ HBVDNA®D : : ALT
O ey (papy | ESOMEL ey DMARD T o (og copiesiml) TUTPEN  merene AL A )
1 77 35 rUXT T 6 gL L 2.0 gL DNA &% 1 27
2 65 53 Tz HL HL 2 5.0 HY DNA &% 5 20
3 46 120 IEFNET R 8 200 LX &L 3.7 HY) DNA &l 1 30
1 mg/H
4 49 60 I&zxNETd  BL TPIIr &L 7.4 HY DNA [&% 18 20
200mg/B
5* 60 36 IAFINET L LIWJIZE 3 2.0 L DNA f&i% 1 25
10mg/H
61 48 FHY LT 2 200 LR 3 2.1 H) DNA f&fk 1 25
1 mg/HB
6 75 18 TaFNETH 8 &L 6 2.4 H) DNA &tk 2 26
7 74 19 &L 75 &L 5 3.0 H) DNA B&l4 2 14
8 84 162 INVE D v 75  AVHUALZR 30 2.2 L 22
1 mg/H
9 74 73 BL 8 T30 4 2.1 HY) DNA f&i 1 11
200mg/H
10 69 180 VAAY &=l N 8 25 7.8 Ht) DNA [ 21
11 60 224 TINGET R 7.5 4.1 Hi) DNA B&i% 1 13
12 66 317 IaZNETH Tv53 2.2 H DNA f&tt 1 6
200mg/8
13 72 2 7.5 25 2.1 HY) DNA [&i% 1 18

“ S FEOEENNH (A7) EFVYRT, TIRVETIBIT N YATT) 224 vF LTHE, *HBV DNA BEEH 2 BED S,
o IO EEEA (ZFEFNVETIBLOT NS 2L v F LTERH.
RA : IS W=, MTX: AP FLFH—F, DMARD : IS BB o~ F 8, ALT: 75=VT3I/ PS5V R T725—¥

(86¢) 88

£

£#E€ - §89 - x|y
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% % BEFREERCORRLNE-FE, 0%, Vo~F, EEERORREEI X T-

89 (399)

#£3 HERHIRERICEEY I~ F (RA) EEEMEE+GEHAL-E8EOK
—HBV DNA &#&EtEE (+) e (-) BEols—

BEHR
HBV DNA BiE%ft (+) HBV DNA Bt (—) P1E  HR (95%CD
(n=13) (n=144)

ARSI 10 (76.9%) 52 (36.1%) 0.006 2.1 (1.5~3.1)
TEYLTT 1 (7.7%) 8 (5.6%) 0.550 1.4 (0.2~10.2)
IAZNET 8 (61.5%) 32 (22.2%) 0.005 2.8 (1.6~4.7)
1>T7Yxo<7 7 (53.8%) 17 (11.8%) 1.000 0.7 (0.1~4.5)
FoUX=T 1 (7.7%) 7 (4.9%) 0.507 1.6 (0.2~11.9)
FNREET 2 (15.4%) 3 (20.8%) 0.055 7.4 (1.4~40.3)
UNE S 1 (7.7%) 0 0.080

A M RLUFY—F 10 (76.9%) 67 (46.5%) 0.044 1.7 (1.2~2.3)
THEE 7.1 +1.9mg/i8 6.8 = 1.9mg/hB8 0.707

JNFIAXFOSKR 6 (46.2%) 57 (39.6%) 0.770 1.2 (0.6~2.2)
THRE 12.7 = 15.6mg/H 5.7 +5.0mg/H 0.533
SHELFIXFOaqR 2 (15.4%) 2 (1.4%) 0.035 111 (1.7~72.3)
(=0.5mg/kg/H) -

2T FHST 1 (7.7%) 36 (25.0%) 0.303 0.3 (0.0~2.1)
VA A% 3 (23.1%) 29 (20.1%) 0.729 1.1 (0.4~3.3)
&40Y LK 4 (30.8%) 8 (5.6%) 0.010 55 (1.9~15.9)
5t & S| 1 (7.7%) 5 (3.5%) 0.410 2.2 (0.3~17.6)
LIW/IER 1 (7.7%) 2 (1.4%) 0.230 5.5 (0.5~57.1)
D-~RZV5I L 0 2 (1.4%) 1.000

7Ty b 0 1 (0.7%) 1.000

A=) T g 0 7 (4.9%) 1.000

SoORFEY > 0 1 (0.7%) 1.000

/YA LIER 0 2 (1.4%) 1.000

SUORZITPIER 0 1 (0.7%) 1.000

*HETEFRERALTCVHBEOEEZTY. BREIBBORAZERALTEY, ILEROEDZHRAZ R

A9 FLTERALTWSEND D 5.
HR : N¥— Flk, 95%Cl : 95% EHEXE

) A AKRMY (30.8% X 56%, p=0.010)
DERICEEENTED BN, Cox HIFN
P— FHMTSH, EPEHEA L ETN o
A%t HBV DNA HiEELoOFHEFTH S
WEESHL P E ol EYFENEA S X
' ETN #fEHT5Z EONF—FIE (HR)
X, #h2h 109 (p=0008) BLU69 (p=
0001) THhot:. ZZHOER, RA 0R

BHHE, BEThHsZE, MTXBLUCSD
f£H, MTX BX U CS OHE, ALT/AST
8, 1gG, HHEREB IOV ¥V 3REE,
HBV DNA BiEHLICEERED L h o 72,
AF 9T T4 ABIIC Lo THIB 4D
DEH%, KIZ HBV DNA EBEEMLOFHE
BFELTEERY T4 v Z7EBEFVIC
YUTiID, TREhOEEREZBELZ. &



90 (400) B 5

F4 BEEiUYYF (RA) BFEICSEWT HBY #
HEFATIOSRT1 v 7EBET N

*y Xt (95%Cl) pfE
290U LXK 111 (2.0~50.6) 0.0015
XWNTFYHSIT 0.3 (0.0~1.7) 0.2604
FINGET b 1.5 (0.1~17.4) 0.7726
wEISOTJULG 1.9 (0.0~160.3) 0.7572

95%Cl : 95% EHEXH

DEFVOBEREZERL4IIRT. FilgEds
HHSN-DIEY 7 T AAKNYOERD
ATHoz.

3. F =

CD4* ~ v 38— THER X, HBV HREK
CTL OFEBLERFZRETHILIZL- T,
HBV B¥Ea ¥ bu—VIZBEELTWwWA.
MTX &#70Y ARiE, 0 CTL D%
FHE L, HBVDNABREOFHELFEL
TWA RN D 599, CS BRERLER
BRI A BN ARSI, EERC
HBV 58 % #IET 5.

TNF &, & &F2HEC ORERE
CBWTEELRKIEFEYE, REREHEZ kK
THAL b AL Y THBY. TNF HHEIR
i, RA, HBEEFHER, ZEEMESE, 7
O—VHEREOBCRERETHLONS X
312 oTwh. TNF BHERZ, Thbo
BEIIBEEDNIRTTA LT 7 N EBNRE
fib% D725 L7235, TNF HEZEOMEHEM
Wi, HBV BEMEA L, £ de novo
BEFROEFAIROIPBRESINT VS,

TNF BHEZE0D HBV BiEE/LICE, Boh
DVERBFEIHH LEZ LN TS, BERFF
KBEDOME L R TIX HBV 28 CTL
AowEi, TNF 8L HBV ICEG L2
IR 7R =V A ZRB[ERBILTWAY,
T 72, TNF I3M88A O HBV OEE%2 BT 5
Z L12X o T HBV DNA &% HH$ 22,

BHESF - 68% - 35

a6, TNF /v 772 b= X Cid HBV
FREI CTL OWERESRIMLTWwaI L
PHLPIZR o TWEY, Zhdbd TNF O
%%, TNF FEEIZMH LT3 ek
Bh5b.

RA BEIZBITA TNF HEEIZCX2BH
FROBEELORAOEHE T 2003 £TH
A%, ZOEFTIEI HBYV ¥+ 1) 74T TNF
FREENEBRINTWS 20, %5ix HBV
BREOMBEMRELHERL TS, HBV F v
Y7 ®DRAICTNF FHEETHELTo %
BloV ¥ 2—Tix, HBV OBEIEEIE 17%
(B5 A6 AN) &#FHEHELY, HBs HUEBHEE
FHIZ TNF BEEZLAETH L&, BBRT
Fu 78RO TS L FFROBEE LR -
MERE=F Y VT2 HERLTVAS.

Vassilopoulos 5 12 14 A® HBV ¥ x 1)
7 RAT, SI7Vv&E5IZLD, TNF B
EEEFIL 5 BREFAOFEEL 1 A%
BRWTRI bR oIl 2R BIEN
D 18IET I 7V v OMEHREANER & Z
ZoN7=DT, BEET Fu s BHk e
BREIFFRBEIINTHRELMKTH S LK
LR LT A,

Matsumoto 57 1% 71 B D RA BE T,
AV 70F <7, MTX &7V F=vuav
BEHE 225 HEHIC denovoBEIF £ % RiE
LIZERZHREL TS, FFEARERICTY
FAENPRE IR, FAETREL:.

D& REMBED> S, TNF HEEC
X % de novoBEIFFRDEO D OREHH L
Mo/, 8112, RABERIGE de novo
BREFXTI COMMIIPLLLD1EHL T
L, #2127, BEWE TNF HEEZ T T2,
Zh b BEPRENHIIRZF> DMARD
R CS dHEENRTVWARZE, B312, de
novo BEIFFRICIZFETOBRESH B Z &,
8412, BEED TNF FHEEIZ de novoB
BFRZFIGEBIITHRBENIHLZ L, Th
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%18).

ek, BEREBEFLAD RA BEiZ
HBVDNA LRNVIZ 0 0b 53, EWyER
R MTX, BHECS &, #7uyarx
KW EECRENFHEZRE SN T3
&, BERE=S ) VTPV ETHL. L
LadbEe=d) v 7Ok EECHMZ
E) BBZELLERIEICRRY, LYEkE
LZHMEXRETH S HBIRTH OFERVZD
BZIhbHEBEbhS.
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