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Abstract The prognosis of lupus nephritis (LN) was
studied retrospectively in two LN categories, LN mani-
fested initially at systemic lupus erythematosus (SLE)
onset (I-LN) and LN of delayed manifestation after SLE
onset (D-LN), based on a chart review (C) of 154 SLE (85
LN) patients with a mean observation of 20.8 £+ 9.3 years
and a questionnaire study (Q) of 125 LN patients outside
our hospital with mean observation of 17.6 + 9.2 years. In
both study groups, half of I-LLN patients were relapse-free
by Kaplan—Meier analysis after initial therapy, and the
relapsed T-LN patients responded to retherapy at higher
5-year relapse-free rates than those of patients receiving
initial therapies for D-LN. At last observation, a higher
frequency of prolonged remission was shown in I-LN
compared with D-LN patients (C: 22/31, 71% versus 14/49,
29%, P <0.01; Q: 65/89, 73% versus 11/33, 33%
P < 0.01) and also a higher frequency of irreversible renal
damage in D-LN compared with I-LN patients (C: 25/49,
51% versus 2/31, 6%, P < 0.001; Q: 14/33, 42% versus
6/89, 7%, P < 0.001), although class IV pathology was
common in patients (C) in both LN categories. Onset time
of lupus nephritis in the course of SLE may affect renal
prognosis.
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Introduction

Systemic lupus erythematosus (SLE) is a multiple-organ
disease, and lupus nephritis (LN) is a major clinical
problem because of its high morbidity and mortality rates.
In accordance with the chronic nature of SLE, renal
symptoms can manifest at various times in the disease
course, and a physician cannot predict the future devel-
opment of LN at the time of SLE onset. Furthermore, it is
unclear whether there is a difference in prognosis between
LN manifested at the onset of SLE and LN developed later
in the course of SLE, because the clinical significance of
time of LN onset in the disease course of SLE has not been
clearly described in the literature, to our knowledge.
Accordingly, in recent clinical trials on therapies for LN
including cyclophosphamide and mycophenolate mofetil,
mixtures of cases having various time intervals between
SLE onset and LN onset have been studied [1, 2]. Although
a prognostic impact of renal pathology and a poor prog-
nosis of class IV disease have been established in LN based
on the World Health Organization (WHO) classification
[3-5] and more recent criteria [3, 6, 71, a later progression
or transformation of the pathology cannot necessarily be
predicted at the time of the initial biopsy [8, 9].

In our preliminary chart review, we found that numerous
cases of remitted SLE had class IV LN at SLE onset. On
the other hand, irreversible renal damage was precipitated
in patients who initially showed no renal symptoms but
later developed LN with various renal pathologies, and the
LN of later development was never a case of senile-onset
LN. Thus we undertook to study the possible relationship
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between renal prognosis and the time of the initial renal
manifestation in the course of SLE. The study consisted of
two parts: a chart review in our institute and a replication
study to reconfirm the results of the chart review using a
questionnaire administered to LN patients outside our
hospital.

Patients and methods
Chart review for patients with SLE

Hospital records of the International Medical Center of
Japan were reviewed for patients with SLE having a dis-
ease duration of 5 years or more. SLE was diagnosed
according to the classification criteria of the American
College of Rheumatology [10]. The clinical information on
154 patients with SLE (139 females and 15 males) with
mean age of 48.9 + 12.6 (median 48) years at the last
observation was available for studying the entire disease
course, including 436 major therapeutic interventions for
SLE and 22 deaths during 3,189 person-years or mean
observation period of 20.7 & 9.3 years. At the time of the
present study, 85 patients (80 females and 5 males) had
LN, and 28 of these had irreversible renal dysfunction,
including 15 patients on hemodialysis therapy.

Onset age, relapse ages, therapeutic doses if available,
renal pathology data if any, and disease status after therapy
and at the last observation in each patient were serially
input in our database for SLE patients. The definition of
relapse will be provided in “Results”. Minor dose increases
during steroid therapy for mild activities of SLE were
not analyzed. Chronological profiles of the onsets and
relapses of LN or extrarenal SLE flares were analyzed
statistically with Stata 9.0 (Stata Corp., College Station,
TX, USA).

Questionnaire study for patients with LN

To reconfirm the results of the chart review study in
another LN patient group, we undertook a questionnaire
study of SLE patients outside our hospital and collected
individual data on LN with a SLE duration of 5 years or
more. The questionnaire included ages at all of the hospi-
talizations due to SLE and/or LN from onset to the present
time, daily doses of steroid (number of 5 mg prednisolone
tablets) before and at the start of therapeutic interventions,
combined use of intravenous pulse steroid or cyclophos-
phamide, and renal status at each hospitalization and at the
present time. Renal status, which was based on the infor-
mation from an attendant doctor to each patient, was
expressed in terms of urine protein (negative, positive,
nephrotic, or 1+ to 4+), data of serum creatinine levels if
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available, and clinical categories including no abnormali-
ties, mild persistent renal disease, nephrotic syndrome,
renal dysfunction or on hemodialysis.

The ethics committee of our hospital approved the
present study. A questionnaire sheet including a description
of the aim of our study was inserted once in the Journal of
Patients’ Association of Collagen Diseases in Japan, which
was subscribed to by more than 5,000 patients, including
approximately 3,000 patients with SLE. An anonymous
letter in reply (datasheet) sent to the board of the above
Patients’ Association with a completed questionnaire was
regarded as informed consent to enter the present study.
We received a set of the copied datasheets from the board,
which preserved the original sheets.

After removing approximately 50 cases with insufficient
information in the datasheets, 7 cases having SLE without
LN, and 10 cases of SLE with less than 5 years’ duration,
we recognized 125 datasheets that contained a sufficient
description of LN. The filling of a datasheet and voluntary
mailing might have resulted in a strong bias toward
selecting informative repliers from among thousands of
patients. The 125 patients were characterized by excellent
medical compliance and were thought to have preserved
written records on their own diseases.

The studied patients

Mean age of the 125 patients (121 females and 4 males) in
the present study was 465 + 12.5 years (median
46 years). A total of 331 hospitalizations because of ther-
apy for SLE were mentioned during 2,200 person-years, or
mean observation period of 17.6 & 9.2 years. Chronolog-
ical profiles of the relapses of LN were analyzed
statistically with Stata 9.0 similarly to the analysis of the
chart review study. Renal pathology in accordance with the
WHO classification was mentioned in only 19 datasheets
and was not analyzed.

In our SLE database, a whole chronological profile of
each patient including all of the hospitalizations from onset
to the last observation was specific to one subject like a
fingerprint, and no overlapping cases were found by com-
puter analysis.

Results

Definitions of initial-onset LN and delayed-onset LN
in the course of SLE

In both the chart review and the questionnaire study, some of
the patients had been observed with no or low-dose steroid
therapy for their mild SLE conditions during the early dis-
ease course, and the initial urine proteins were documented
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as negative in most of these patients or unknown in some of
the referral patients, except in a small number of patients who
received no therapy for their positive renal symptoms.

In the present study, we defined a SLE relapse as hos-
pitalization in order to treat SLE after previous SLE
conditions have subsided in response to treatment during
hospitalization. In a small number of cases, initial steroid
therapy with 20 mg/day or more of prednisolone equiva-
lent was started at an outpatient clinic, and we classified the
therapy as “treatment under hospitalization” for simplicity
in the present text. We further defined “initial-onset LN”
and “delayed-onset LN” as follows.

Initial-onset LN (I-LN)

I-LN was defined as LN diagnosed at the time of onset of
SLE, LN diagnosed at the initial treatment under hospi-
talization for SLE or LN that emerged during the initial
course of therapy under hospitalization. Two of the 34
I-LN patients in the chart review and 7 of the 91 I-LN
patients in the questionnaire study met one of the latter two
definitions of I-LN.

Delayed-onset LN (D-LN)

D-LN was defined as newly developed LN as a SLE
relapse after the previous successful therapy under hospi-
talization. At the time of the present study, 51 patients in
the chart review and 34 patients in the questionnaire study
were classified into this category of LN,

Mean ages of the patients at SLE onset and D-LN onset
in the present study are shown in Table I. These data were
very similar between the two study groups; the mean
interval between SLE onset and D-LN onset was approx-
imately 8.9 years in the chart review and 7.3 years in the
questionnaire study.

Table 1 Onset age and initial therapy for LN and/or SLE

Time course of D-LN developments in the chart review
patients is shown in Fig. la. The Kaplan-Meier curve
showed that D-LN developed in half of the SLE patients of
extrarenal onset, and that half of the instances of D-LN
occurred after 10 disease-years of SLE. We note that the
curve might not represent a natural course of D-LN
development among SLE patients because of possible
sampling bias by the chart review in our single institute and
based on our knowledge of the widely different frequencies
of LN among SLE patients noted in the literature {11]. A
comparable analysis could not be performed in the ques-
tionnaire study, because we collected only cases with a
positive history of LN.

Time course of the first-time relapse of SLE
after the initial treatment under hospitalization
in the chart review patients (Fig. 1b)

A total of 302 SLE relapses were identified in the 154 chart
review patients, and these included 110 renal involvements
and 192 extrarenal SLE flares. The patients were classified
into one of two groups, I-LN (n = 34) and others
(n = 120), at the start point of the analysis. Patients in the
“others” group, in whom LN developed later, were further
classified into D-LN (n = 51), as defined above.

The Kaplan—-Meier curve indicating those free from SLE
relapse after the initial treatment under hospitalization
showed a longer relapse-free period in the I-LN patients
compared with the other patients (12 versus 4 years to the
first relapse was expected in 50% of each patient group,
P = 0.008) (Fig. 1b), when patients who received no or
low-dose steroid were removed from the analysis.

Most of the patients without I-LN had mild SLE
conditions at the time of the initial treatment under hos-
pitalization, because neuropsychiatric involvement was not
common as the initial manifestation (data not shown).

Onset age, years (mean * SD)

Dose of therapy (PSL®, mg/day)

Patient ratio that received pulse steroid® or IVCY®

Chart review (n = 85)

I-LN (n = 34) SLE + LN 29.1 + 14.8 513 £ 152 (n = 31)
D-LN (n =51) SLE 25.0 £ 109

LN 339+ 122 41.3 + 14.4 (n = 45)
Questionnaire study (n = 125)
I-LN(n=91) SLE+ LN 30.1 £ 12.1 447 £ 14.7 (n = 84)
D-LN (n =34) SLE 27.1 £ 11.8

LN 344 + 135 430+ 152 (n = 27)

26% (8/31) 10% (3/31)

350 + 13.1 (n = 42) #

64% (29/45) 2% (1/45)

29% (26/91) 12% (11/91)

39.1 £ 16,7 (n = 32) #

32% (11/34) 15% (5/34)

* PSL, prednisolone equivalent
" Intravenous methylprednisolone pulse therapy

¢ Intravenous cyclophosphamide pulse therapy

# Pulse steroid or IVCY was rarely used for SLE of D-LN patients at the onset of SLE
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Fig. 1 a Kaplan-Meier curve indicating those free from LN devel-
opment, for patients without initial renal involvement at onset of SLE in
the chart review study. Analysis starts at the onset of SLE, and the result
shows a time course of developing delayed-onset LN (D-LN).
b Kaplan—Meier curve indicating those free from SLE relapse after
the initial therapy for SLE in the chart review study. Analysis starts at
the initial treatment under hospitalization for SLE. Solid line patients in
whom the initial therapy was targeted at LN (I-LN) (n = 31). Dotred
line patients in whom the initial therapy was targeted at SLE without
renal involvement (n = 95). The log-rank test was used for statistical
analysis

Accordingly, the mean initial steroid dose tended to be
higher in the I-LN patients (prednisolone equivalent:
51.3 £+ 15.2 mg/day, »n = 31 versus 36.4 £ 14.1 mg/day,
n = 52 in the non-I-LN patients of identified steroid dose).

Fig. 2 Kaplan-Meier curve

indicating patients free from LN n=31

The chart review study

High-dose pulse steroid or cyclophosphamide was com-
bined in a quarter of or a small number of I-LN patients
(Table 1), respectively, for treating the LN, and was rarely
used in non-I-LN patients. Because I-LN and non-I-LN
have different organ involvement, the difference in relapse
rates after therapy between the two disease categories may
not be attributed to the difference in therapeutic intensities.
If renal involvement at the onset of SLE indicates a severe
form of SLE, a longer relapse-free period in the I-LN
patients than in the non-I-LN patients (Fig. 1b) may be
paradoxical, or it may be attributed to D-LN development
in the non-I-LN patients. Thus, we further studied thera-
peutic responses in the I-LN patients and the D-LN
patients.

Renal relapse-free rates in the I-LN patients (Fig. 2)

The Kaplan—-Meier curve indicating freedom from LN
relapse after the initial treatment under hospitalization for
the I-LN is shown in Fig. 2 for the chart review patients
and the questionnaire study patients. A total of five patients
who received no therapeutic intervention for LN were
removed from the calculation. The results in the two study
groups showed consistently that half of the I-LN patients
were expected to be renal-relapse-free after the initial
therapy.

In the chart review, 18 (58%) of 31 treated patients had
no LN relapse throughout the observation period, and all of
these patients achieved complete renal remission, although
extrarenal SLE flares were observed in 5 patients. Renal
relapse was defined as rehospitalization in order to treat
SLE accompanied by emerging or increasing proteinuria.
Renal remission was defined by normal serum creatinine
levels and no urine abnormalities

In the questionnaire study, 52 (58%) out of 89 treated
patients had no LN relapse throughout the observation. Of
these, 90% (47/52) of the patients achieved complete renal

The questionnaire study

n=091

relapse after the initial therapy 100
for I-LN in the two study
groups. Analysis starts at the 75

initial treatment under I_'l.l

hospitalization for I-LN
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Fig. 3 Response rate to
therapy for LN. Initial therapy %

for I-LN, retherapy for relapsed
I-LN, and initial therapy for |
D-LN were studied bypg;storical 100 p<0.001 p=0.027
follow-up for 5 years; ratios of p<0.005 p<0.05
patients who responded to 30 —|
therapy for LN are shown.
Definition of therapeutic
response is given in the text.
Chi-squared or Fisher's exact 60 —
probability test was used for
statistical analysis 5
40 — 24 ry
31 59 18
89 79
20— 15 12
45 34
Initial Tx Re-Tx Initial-Tx Initial Tx Re-Tx Initial-Tx
for I-LN for D-LN for LN for D-LN

in the chart review study

remission. Of the remaining five patients with no relapse
but no remission, three patients had massive urine protein
and elevated serum creatinine levels at SLE onset that did
not respond to initial therapies, and renal deterioration
progressed without further therapeutic interventions, and
the other two patients had mild persistent urine protein at
the last observations.

These tesults regarding renal relapse suggested that
renal remission was common in I-LN only in response to
the initial therapy. We further studied prognoses -of
relapsed I-LN patients in comparison with those of D-LN
patients, because first-time relapse of I-ILN and onset of
D-LN are similarly defined under “relapse of SLE.”

Comparison of renal response to therapy between I-LN
and D-LN (Fig. 3)

Initial therapies for I-LN or D-LN, respectively, were
begun based on renal biopsy in most of the patients of the
chart review study, as described later, and positive urine
protein was found to be a major reason for the therapeutic
intervention in all of the chart review and the questionnaire
study patients. Retherapy for relapsed I-LN was begun at
the time of rehospitalization in order to treat SLE accom-
panied by emerging or increasing proteinuria.

Response criteria

Responses to therapy for LN were estimated by 5-year
historical follow-up after the initial therapy for I-LN or
D-LN, and after the retherapy for I-LN of the first-time
relapse. Positive renal response was defined as no relapse,

in the questionnaire study

no progressive renal dysfunction, and no nephrotic levels
of urine protein during S-year observation after therapy.
The patients in the chart review study who responded to
therapy also met response criteria similar to those in the
literature [12], i.e., serum creatinine not exceeding the
lowest level during treatment under hospitalization, pro-
teinuria less than 3+ or a urine-protein/creatinine ratio less
than 1, and no nephritic findings in the urine sediment for
at least 6 months after therapy. In the questionnaire study
patients, the responses to therapy were identified based on
the mention of no renal dysfunction and no or less than 34
proteinuria after therapy.

Patients who received no therapeutic intervention for
renal deterioration were removed from the calculation. In
the descriptions below, we classified a patient who showed
both renal abnormalities and renal relapse after therapy into
a category of renal relapse.

Chart review study

A better renal response to initial therapy was observed in
the I-LN patients compared with the D-LN patients
(Fig. 3). Initial steroid therapies for LN in the I-LN and the
D-LN are shown in Table 1. The difference in the thera-
peutic doses did not seem large enough to explain the
different response rates between the I-LN and the D-LN
patients.

WHO class IV histology was documented at the renal
biopsy before therapy for LN with similar frequencies
(I-LN: 14/21, 64% versus D-LN: 22/39, 56%) in the two
LN categories, and the chronic lesions were each identified
in only a small number of patients. The total results of
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histology identified in 21 I-LN versus 39 D-LN were: II, |
versus 5; III, O versus 1; IVa or b, 6 versus 10; IVc, 2
versus 4; IVd, 0 versus 0; IV of unknown subclass, 6 versus
8;V, 6 versus 11; and there was no significant difference in
the distribution of the histology between I-LN and D-LN.

Serological data before therapy (the number of patients)
were identified in most of the patients treated for I-LN (31)
or D-LN (45). Serum anti-DNA antibody levels were ele-
vated in 89% (24/27) of I-LN patients and 93% (37/40) of
D-LN patients; the mean titer in I-LN patients was
100.5 £ 20.1 TU/ml (n = 11) by enzyme-linked immuno-
sorbent assay (ELISA) for anti-double-stranded DNA IgG
antibodies (normal range <20), 10 £ 2 IU/ml (n = 10) by
radioimmunoassay (RIA) for anti-DNA antibodies (normal
range <6), or unknown except positive results (n = 3),
whereas that in D-LN patients was 56.7 £ 11.2 IU/ml
(n = 12) by ELISA, 12 £ 2 IU/ml (n = 15) by RIA, or
unknown except positive results (n = 10). Hypocomple-
mentemia was observed in 83% (20/24) of I-LN patients
and 93% (38/41) of D-LN patients based on the data of
serum C3 and/or CH50. Of these, the comparable assays
for C3 (normal range 60-95 mg/dl) showed mean levels
40.2 £ 56 mg/dl (n=13) in I-LN patients and
43.5 4+ 9.9 mg/dl (n = 27) in D-LN patients, respectively.
The above data showed that the two patient groups I-LN
and D-LN had similar serological abnormalities before
initial therapy for LN.

Renal status (number of patients) during 5 years
dfter initial therapy for LN

The 31 I-LN patients showed one of the following: S-year
remission (22), mild persistent proteinuria (2) including
accompanied renal dysfunction (1) with serum creatinine
>1 mg/dl after rapidly progressing glomerulonephritis
(RPGN), or renal relapse (6). A negative response was
found in seven patients.

The 45 D-LN patients showed one of the following:
5-year remission (10), mild persistent proteinuria (5), or
persistent proteinuria of nephrotic levels (5), including
accompanying renal dysfunction (3) with serum creatinine
>1 mg/dl after RPGN, or renal relapse (25). A negative
response was found in 30 patients.

Renal status during 5 years after retherapy for the first
relapse of I-LN

LN relapse occurred in 11 of the 31 I-LN patients after the
initial therapy. Of these, nine patients received therapeutic
interventions at the mean prednisolone-equivalent dose of
44.4 £ 15.1 mg/day, and a methylprednisolone pulse was
added in two patients. By the time of the present study, six
patients had been followed for more than 5 years after the
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retherapy for LN; 5-year remission (three), mild persistent
proteinuria (two) or a second renal relapse (one) during
5 years were found in the six patients. A negative response
was found in one patient. The renal response to the
retherapy was again better than that following the initial
therapy for D-LN (Fig. 3).

Serum anti-DNA antibody levels before therapy were
elevated in 89% (8/9) of the patients treated for relapsed
I-LN, and the mean titer was 59.5 £ 22.1 IU/ml (n = 5)
by ELISA or 8 £ 2 IU/ml (n = 3) by RIA. Hypocomple-
mentemia was observed in 78% (7/9) of the patients, and
the mean serum C3 level was 48.1 + 5.1 mg/dl (n = 7).

The questionnaire study

A better renal response to initial therapy was observed in
the I-LN patients compared with the D-LN patients
(Fig. 3). Initial steroid therapies for LN in the I-LN and the
D-LN are shown in Table 1. The difference in the thera-
peutic doses did not seem large enough to explain the
different response rates between the I-LN and the D-LN
patients.

Renal status (the number of patients) during 5 years
after initial therapy for LN

The 89 I-L.N patients showed one of the following: 5-year
remission (32), probable remission or mild proteinuria (16),
mild persistent proteinuria (11), chronic proteinuria of
nephrotic levels accompanying renal dysfunction (3) after
RPGN, or renal relapse (27). “Probable remission or mild
proteinuria” was defined based on no subsequent relapse
and the mention of no renal abnormalities at the last
observation but no mention of the early renal status after
therapy. A negative response was found in 30 patients.

The 34 D-LN patients showed one of the following:
S-year remission (9), mild persistent proteinuria (3), per-
sistent proteinuria of nephrotic levels and/or renal
dysfunction (12), or renal relapse (10). At least five patients
had RPGN before therapy. A negative response was found
in 22 patients.

Renal status during 5 years after retherapy for the first
relapse of I'LN

LN relapse occurred in 39 of the 91 I-LN patients, and 36
patients received therapeutic interventions. The identified
mean prednisolone-equivalent dose was 455 4+ 133
mg/day (n = 30), and the combination use of steroid pulse
was mentioned by ten patients, and that of cyclophospha-
mide by six patients. The 29 patients who received
retherapy and 5-year follow-up showed one of the fol-
lowing: 5-year remission (8), mild persistent proteinuria
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Table 2 Renal outcomes of I-LN or D-LN in the two study groups: renal status over 3 years at time of the last observation

n Remission MPD N + CRF + HD Flare Observation period of LN (years)
Chart review
I-LN 31 22 (M %y* 7 040+ 2 (6%) 0 196 £ 92
D-LN 49 14 (29%) 4 + 11 + 10 51%)** 2 13.0 £8.1
Questionnaire study
I-LN 89 65 (13%)* 8 0+4+20%) 10 17.5 £ 9.1
D-LN 33 11 (33%) 5 6 + 4 + 4 (42%)** 3 121+ 78

Remission: no renal abnormalities but including SLE conditions of serologically active clinically quiescent (SACQ) disease for at least 3 years.
MPD (mild persistent disease; positive urine proteins less than nephrotic levels). N (nephrotic levels of urine proteins): prolonged massive urine
proteins without apparent renal dysfunction. CRF (chronic renal failure but no uremia): prolonged elevation of serum creatinine levels (>1 mg/
dl) or mention of renal dysfunction in the questionnaire based on information from attendant doctors. HD (hemodialysis): on maintenance HD or
having a history of receiving renal implantation irrelevant to the present renal status. Flare: flare of SLE and/or LN within 3 years by the last

observation
* P < 0.01, ** P < 0.001 (chi-squared test)

(3), probable remission or mild proteinuria (7), persistent
proteinuria of nephrotic levels and/or renal dysfunction (2),
or a second renal relapse (9). A negative responsec was
found in 11 patients. The renal response to the retherapy
was again better than that following the initial therapy for
D-LN (Fig. 3).

The results in the two study groups were consistent, and
suggested that renal response to both the initial therapy for
I-LN and the retherapy for relapsed I-LN were better than
that to the initial therapy for D-LN.

Renal outcomes: renal status over 3 years at the time
of the last observation (Table 2)

Renal status was classified according to definitions
described in the footnotes of Table 2, and we classified a
patient that showed both of chronic renal damage and
recent renal flare into a category of chronic renal damage
but not flare. A higher frequency of renal remission was
observed in I-LN compared with D-LN, and a higher fre-
quency of irreversible renal damage including nephrotic
levels of prolonged urine proteins or chronic renal failure
was observed in D-LN compared with I-LN.

The above results were consistent in the two study
groups and suggested a good renal prognosis of I-LN
patients and a poor renal prognosis of D-LN patients. In
most of the patients with irreversible renal damage in the
present study, frequent relapse resulted in renal
deterioration.

Patients whose irreversible renal damage was estab-
lished before the initial therapy were removed from the
estimation of renal outcomes shown in Table 2. This
included three T-LN patients and two D-LN patients in
the chart review and two I-LN patients and one D-LN
patient in the questionnaire study. Some of the remaining
patients in the chart review did not receive an appropriate

therapeutic intervention for renal deterioration that devel-
oped in the course of SLE for various reasons, including a
referral delay, poor medical compliance, and accompany-
ing chronic infection.

Except in the case of receiving insufficient therapy as
described above, most of the patients in the chart review
and the questionnaire study were treated for LN appropri-
ately with 30-60 mg/day prednisolone-equivalent doses of
steroid at the onset of LN and at the first LN relapse. For
repeated SLE relapses, however, intensities of therapeutic
interventions were widely different from case to case.

Renal outcomes in reference to the renal pathology
before therapy in the chart review study

Renal pathology before initial therapy for LN (the first-time
biopsy,; Fig. 4)

Renal outcomes in the chart review patients were collated
according to the renal pathology data at biopsy before
initial therapy (Fig. 4), which were available in 61 out of
85 LN patients based on the reports by pathologists in our
hospital or the referral description of other hospitals. In
addition, one I-LN and three D-LN patients manifested
RPGN at the onset of LN and had probable class IV-LN.

The descriptions of renal pathology found by chart
review were mostly in accordance with the WHO classi-
fication (3, 4), although the information on subclass was
not comprehensive. In the present study (Fig. 4), we clas-
sified “a description of membranous LN” or “class V
without description of combined III or IV” into “V”, and
“diffuse proliferative LN without subclass-description”
into “IV-" (Fig. 4). In addition, “IV + V” documented in
some of the case records was also denoted as “IV-” but not
Vd. Thus, “IV-" in Fig. 4 might contain various types of
class IV.
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Fig. 4 Renal outcomes in 31

I-LN patjwnts and 47 D-LN WHO-class  Remission
patients in the chart review
study in reference to renal before therapy

Renal outcomes

MPD nephr otic CRE, no uremia

pathology at biopsy before
initial therapy for LN. Each o
bar denotes the number of
patients (white bar I-LN,

black bar D-LN). “IV-” m
includes diffuse proliferative
LN when lacking information :'
regarding activity, necrosis or Iv.
sclerosis findings. The definition
of “V” is given in the text. IVap
ND not done, MPD mild
persistent disease, CRF chronic
renal failure without uremia, Ve
HD hemodyalysis
IvVa
v
ND ;
it 111

-

Patients with I-LN Class IV was common in these
patients but rarely associated with the irreversible renal
damage at the time of the last observation. Two patients
had end-stage renal disease: a patient with RPGN at SLE
onset followed by repeated renal relapses, and another
patient with class II-LN at SLE onset and suffering from
later developed thrombotic thrombocytopenic purpura
(TTP) that caused uremia.

Patients with D-LN Trreversible renal damage was com-
mon in these patients having various renal pathology
classes including class IV before initial therapy for the LN.
TTP was involved in two patients and directly caused
chronic renal failure in at least one of the patients.

Renal pathology before therapy for relapsed LN
(change of the histology)

The renal pathology at time of the LN relapse was docu-
mented in five [-LN patients and nine D-LN patients. These
findings are described below in reference to those at first
biopsy (in parentheses) and clinical renal outcomes in
terms defined in Table 2.

Patients with I-LN  In four patients, retherapy for relapsed
LN of class I (V), IVa (V), IVa (ND) or IVc (V) led to a
clinical remission at the last observation. In another
patient, LN of class IVc + V (IVa) manifested after
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self-discontinuation of maintenance therapy, and respon-
ded to retherapy and led to mild persistent disease (MPD)
that was relapse-free for 16 years by the present time.

Patients with D-LN In two patients, each of the rethera-
pies for relapsed LN of class IVce (V) using combined
cyclophosphamide improved nephrotic syndrome to MPD.
In another three patients, relapsed LN of class IVa (IT), IVd
(IVb) or IVd (ND) resulted in CRF without uremia despite
retherapy. In the remaining four patients, relapsed LN of
class Ivd (V), IVd (I), IVc (IVa) or Va (V) accompanied
by intractable nephrotic syndrome resulted in CRF on he-
modialysis despite retherapy.

As described above, class TV with sclerosing lesions
was commonly uncovered at the second biopsy in the D-
LN patients who resulted in CRF. On the other hand, a
transformation of renal histology observed in most of the
examined cases of relapsed I-LN showed a small impact on
clinical prognosis.

Discussion

The present chart review study and questionnaire study
consistently showed a relatively better prognosis of I-LN
patients compared with D-LN patients. Half of the I.LN
patients were expected to be relapse-free after the initial
therapy (Fig. 2) and most of the relapse-free patients
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achieved renal remission throughout the observation per-
iod. In the I-LLN cases of relapsed LN, most patients
responded to retherapy (Fig. 3). Consistent with these
findings, more than 70% of the I-LN patients had obtained
prolonged renal remission at the last observation (Table 2).
In contrast, a poor prognosis of D-LN patients was shown,
and irreversible real damage was precipitated in this cate-
gory of LN. The resulting data (Figs. 2, 3 and Table 2) in
the two study groups were surprisingly similar, and
strongly suggested the prognostic impact of the difference
between the two chronological categories I-LN and D-LN.
A pathological transformation towards class IV with scle-
rosing lesions was found at the second biopsy in most of
the examined D-LN cases in the chart review.

Despite a similarity in the patients’ demographics
between the present two study groups (Table 1), there was a
large difference in the ratio of D-LN to I-LN patients: 51/34
(1.5) in the chart review and 34/91 (0.37) in the questionnaire
study (P < 0.00001). The chart review study in our hospital
included all of the deceased patients and numerous numbers
of referral patients because of intractable disease, and thus
patients with severe forms of SLE may be overrepresented in
the chart review study. The result of the higher D-LN/I-LN
ratio in the chart review than that in the questionnaire study
may be consistent with the putative poorer prognosis of
D-LN compared with I-LN.

The present study suggested that D-LN tended to progress
in renal damage despite steroid therapy, in contrast to the
good therapeutic response of I-LN even having renal
pathology class IV. Cyclophosphamide, which has been
included recently in a standard regimen for treating LN in our
hospital, had not been widely used for the cases in the present
study that included only therapies occurring more than
5 years ago. Therapy using steroid and combined cyclo-
phosphamide may improve the prognosis of D-LN patients,
and the efficacy of therapy for I-LN and that for D-LN should
be estimated separately because of a probable difference in
therapeutic response between the two LN categories.

Conclusions
The time of the initial appearance of renal symptoms in the

course of SLE may have a prognostic impact on lupus
nephritis.

Acknowledgments We thank Ms. Hatazawa and other board
members of the Patients” Association of Collagen Diseases in Japan
for inserting our questionnaire sheet in the journal and collecting
reply mail from the patients. This work was supported by Grants-
in-Aid for Research on Intractable Diseases from the Ministry of
Health, Labour, and Welfare in Japan.

References

1. Chan TM, Li FK, Tang CSOT, Wong RWS, Fang GX, Ji YL,
et al. Efficacy of mycophenolate mofetil in patients with diffuse
proliferative lupus nephritis. N Engl J Med. 2000;343:1156-62.

2. Mok CC, Ying KY, Tang S, Leung Y, Lee KW, Ng WL, et al.
Predictors and outcome of renal flares after successful cyclo-
phosphamide treatment for diffuse proliferative lupus
glomerulonephritis. Arthritis Rheum. 2004;50:2559-68.

3. D’Agati VD, Appael GB. Lipus nephritis: pathology and patho-
genesis. In: Wallace DJ, Hahn BH, editors. Dubois’ lupus
erythematosus. 7th ed. Philadelphia: Lippincott Wiliams &
Wikins; 2007. p. 1094-111.

4. Huong DLT, Papo T, Beaufils H, Wechsler B, Bletry O, Baumelou A,
et al. Renal involvement in systemic lupus erythematosus. A study of
180 patients from a single center. Medicine. 1999;78:148—66.

5. Austin Ha III, Boumpas DT, Vaughan EM, Balow JE. Predicting
renal outcomes in severe histologic nephritis: contributions of
clinical and histologic data. Kidney Int. 1994;45:544-50.

6. Weening JJ, D’Agati VD, Schwartz MM, Seshan SV, Alpers CE,
Appel GB, et al. The classification of glomerulonephritis in
systemic lupus erythematosus revisited. J Am Soc Nephrol.
2004;15:241-50.

7. Yokoyama H, Wada T, Hara A, Yamahara J, Nakaya I, Kobay-
ashi M, et al. The outcome and a new ISN/RPS 2003
classification of lupus nephritis in Japanese. Kidney Int.
2004;66:2382-8.

8. Schwartz MM, Lan SP, Bernstein J, Hill GS, Holley K, Lewis EJ.
Role of pathology indices in the management of severe lupus
glomerulonephritis. Lupus nephritis collaborative study group.
Kidney Int. 1992;42:743-8.

9. Hill GS, Delahousse M, Nochy D, Balow JE. Predictive power of
the second renal biopsy in lupus nephritis: significance of mac-
rophage. Kidney Int. 2001;59:304-16.

10. Tan EM, Cohen AS, Fries JF, Masi AT, McShane DJ, Rothfield
NF, et al. The 1982 revised criteria for the classification of sys-
temic lupus erythematosus. Arthritis Rheum. 1982;25:1271-7.

t1. CerveraR, Khamashta MA, Font J, Sbastiani GD, Gil A, Lavilla P,
et al. Morbidity and mortality in systemic lupus erythematosus
during a 10-year period. A comparison of early and late manifes-
tations in a cohort of 1,000 patients. Medicine. 2003;82:299-307.

12. Nlei GG, Takada K, Parkin D, Austin HA, Crane M, Yarboro CH,
et al. Renal flares are common in patients with severe prolifera-
tive lupus nephritis treated with pulse immunosuppressive
therapy. Arthritis Rheum. 2002;46:995-1002.

@ Springer

— 120 —



Research article

Interactions among type | and type Il interferon, tumor necrosis

Available online http:/arthritis-research.com/content/11/1/R1

factor, and p-estradiol in the regulation of immune
response-related gene expressions in systemic lupus

erythematosus

Hooi-Ming Lee?, Toru Mima', Hidehiko Sugino?, Chieko Aokil, Yasuo Adachi', Naoko Yoshio-
Hoshino!, Kenichi Matsubara? and Norihiro Nishimoto?

1Laboratory of Immune Regulation, Graduate School of Frontier Biosciences, Osaka University, 1-3 Yamada-Oka, Suita City, Osaka 565-0871, Japan
2DNA Chip Research incorporated, 1-1-43 Suehirocho, Tsurumi-ku, Yokohama, Kanagawa 230-00485, Japan

Corresponding author: Norihiro Nishimoto, norihiro@fbs.osaka-u.ac.jp

Received: 28 Aug 2008 Revisions requested: 2 Oct 2008 Revisions received: 14 Nov 2008 Accepted: 3 Jan 2009 Published: 3 Jan 2009

Arthritis Research & Therapy 2009, 11:R1 (doi:10.1186/ar2584)
This article is online at: hitp://arthritis-research.com/content/11/1/Rt
© 2009 Lee et al.; licensee BioMed Central Ltd.

This is an open access article distributed under the terms of the Creative Commons Attribution License (htip://creativecommons.org/licenses/by/2.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Abstract

Introduction Systemic lupus erythematosus (SLE) is a
prototypical autoimmune disease characterized by various
clinical manifestations. Several cytokines interact and play
pathological roles in SLE, although the etiopathology is still
obscure. In the present study we investigated the network of
immune response-related molecules expressed in the peripheral
blood of SLE patients, and the effects of cytokine interactions on
the regulation of these molecules.

Methods Gene expression profiles of peripheral blood from SLE
patients and from healthy women were analyzed using DNA
microarray analysis. Differentially expressed genes classified
into the immune response category were selected and analyzed
using bioinformatics tools. Since interactions among TNF, IFNy,
B-estradiol (E2), and IFNa may regulate the expression of
interferon-inducible (IFl) genes, stimulating and co-stimulating
experiments were carried out on peripheral blood mononuclear
cells followed by analysis using quantitative RT-PCR.

Results Thirty-eight downregulated genes and 68 upregulated
genes were identified in the functional category of immune
response. Overexpressed IFl genes were confirmed in SLE
patient peripheral bloods. Using network-based analysis on
these genes, several networks including cytokines — such as
TNF and IFNy — and E2 were constructed. TNF-regulated genes
were dominant in these networks, but jin vitro TNF stimulation on
peripheral blood mononuclear cells showed no differences in
the above gene expressions between SLE and healthy
individuals. Co-stimulating with IFNa. and one of TNF, IFNy, or
E2 revealed that TNF has repressive effects while 1FNy
essentially has synergistic effects on IFl gene expressions in
vitro. E2 showed variable effects on IFl gene expressions among
three individuals.

Conclusions TNF may repress the abnormal regulation by IFNa
in SLE while IFNy may have a synergistic effect. Interactions
between IFNa and one of TNF, IFNy, or E2 appear to be involved
in the pathogenesis of SLE.

Introduction

Systemic lupus erythematosus (SLE) is a prototypical autoim-
mune disease characterized by multipie organ damage, high
titers of autoantibodies, and various clinical manifestations [1].
Numerous disorders in the immune system and abnormalities
in cytokine productions have been described in patients with

SLE. The exact pathological mechanisms are still obscure,
however, and the roles of the cytokines are not well under-
stood. High levels of TNF, type | interferon, and type Il inter-
feron in the sera of patients with SLE have been reported [2-
4]. On the other hand, an impaired production of IL-12 by T
lymphocytes from SLE patients in vitro has also been

aRNA: amino allyl RNA; Ct: cycle threshold; E2: -estradiol; FeyR: Fey receptor; GBP: guanylate binding protein; HLA: human leukocyte antigen; {Fi:
interferon-inducible; {FIT: interferon-induced protein with tetratricopeptide repeats; IFN: interferon; IL: interleukin; IRF7: interferon regulatory factor 7;
ISG15: interferon-stimulated gene, 15 kDa; MAPK: mitogen-activated protein kinase; MHC: major histocompatibility complex; NFkB: nuclear factor
of kappa light polypeptide; OAS1: 2',5"-oligoadenylate synthetase 1; OASL: 2',5"-oligoadenylate synthetase-like; PBMC: peripheral blood mononu-
clear cell; PCR: polymerase chain reaction; RT: reverse transcription; SLE: systemic lupus erythematosus; TLR: Toll-like receptor; TNF: tumor necrosis
factor.
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observed [5,6]. Cytokines are pleiotropic in their biological
activity, and it is known that our immunity is regulated by highly
sophisticated cytokine networks. Comprehending the patho-
logical roles of these abnormally induced cytokines and immu-
noregulatory networks of cytokines in SLE patients is therefore
important so that appropriate treatment can be offered.

The microarray is a powerful tool to exhaustively investigate
the gene expressions of autoimmune diseases that have com-
plex pathogenesis and heterogeneous manifestations, such as
SLE. So too are the various databases and bioinformatics
tools such as gene ontology analysis, which can functionally
categorize genes, or network-based analysis to investigate
molecule interactions {7]. These tools have proven useful to
further analyze the enormous data from microarray analysis,
providing several new findings [8].

Most microarray analyses in SLE have been performed using
peripheral blood mononuclear cells (PBMCs) while recent
studies provide strong evidence that IFN-related genes are
overexpressed in SLE patients [9-13]. In the present study, to
investigate the abnormal immune system in SLE, we focused
on genes in the functional category of immune response differ-
entially expressed in SLE patients compared with healthy indi-
viduals. Our results using SLE whole blood showed definite
overexpression of IFN-regulated genes in this category. As
molecules in the immune response category are always com-
municating with each other, we performed a network-based
analysis to identify aberrant regulations or interactions among
differentially expressed molecules observed in this study. We
also investigated the effect of interactions between [FNa and
one of TNF, IFNy, or B-estradiol (E2) on the expression of these
molecules.

Materials and methods

Patients and healthy individuals

Eleven patients {(all women, median age 35 years, range 27 to
72 years) with SLE fulfilled by the diagnostic criteria of the
American College of Rheumatology [14] and six healthy
women were enrolled in the present study after obtaining their
written informed consent. The study was approved by the Eth-
ical Committee of Osaka University Medical School for clinical
studies on human subjects.

The majority of the SLE patients (n = 10) were treated with
<20 mg/day prednisclone. Three of these 10 patients were
treated with one of cyclosporine, azathioprine, or methotrexate
in combination with prednisolone, respectively. The remaining
patient was treated with >20 mg/day prednisolone.

The median disease activity score of SLE patients based on
the SLE Disease Activity index 2000 instrument [15] was 10
(range 6 to 24). Two patients had very active states (SLE Dis-
ease Activity Index 2000 score >12) while the other patients
had active states (SLE Disease Activity Index 2000 score =4
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to 12). The median of the assessment based on the BILAG
index [16] was 4 (range 1 to 13).

Meanwhile, the median of the total white blood cells for the
patients was 6,160 (range 4,840 to 12,230). The median of
the total number (proportion) of neutrophils was 4,919
(80.0%) (range 3,640 to 9,674, 75.2% to 90.1%), and that of
lymphocytes was 838 (11.8%) (range 480 to 1,517, 6.6% to
20.5%).

GeneChip microarray and data analysis

Peripheral blood was collected directly into PAXGene tubes
(Qiagen, Valencia, CA, USA). Total RNA was extracted using
the PAXGene Blood RNA kit with the optimal on-column
DNase digestion {Qiagen). Amino allyl RNA (aRNA) was syn-
thesized from 1 pg total RNA using the Amino Allyl Mes-
sageAmp™ aRNA kit (Ambion, Austin, TX, USA). Five
micrograms of aRNA from each sample (11 SLE patients and
six healthy control individuals) and the equivalent quantity of
reference aRNA from a mixture of RNA extracted from periph-
eral blood of 12 healthy women were subjected to Cy3 and
Cy5 labeling, respectively. Both labeled aRNAs were mixed in
equal amounts and were hybridized with the oligonucleotide-
based DNA microarray AceGene (HumanOligoChip30K;
DNA Chip Research, Yokohama, Japan), which contained
about 30,000 human genes.

The microarrays were scanned using ScanArray Lite (Perk-
inEimer, Boston, MA, USA) and the signal values were calcu-
lated using the DNASIS Array (Hitachi Software Engineering,
Tokyo, Japan) according to the manufacturer's instructions.
The intensities of no-probe spots were used as the back-
ground. The median and standard deviation of background lev-
els were calculated. Genes whose intensities were less than
the median plus two standard deviations of the background
level were identified as null. The Cy3/Cy5 ratios of all spots on
the DNA microarray were normalized by the global ratio
median. Genes with at least 80% good data across each
group of samples were selected for further analysis. The
microarray data have been deposited in NCBls Gene Expres-
sion Omnibus [GEO:GSE12374].

Gene ontology and network-based analysis

Genes identified to be differentially expressed by >10%
according to the microarray analysis with a median signal
intensity difference of at least 100 between the SLE patient
and healthy individual groups (in order to reduce errors per-
taining to low-level expression at close to noise level) were
functionally categorized using Expression Analysis Systematic
Explorer version 2.0 bioinformatics software [17,18]. Interac-
tions among the differentially expressed genes in the func-
tional category of immune response were investigated through
the use of Ingenuity Pathway Analysis version 5.5 [19]. Net-
works generated by less than five uploaded genes were
excluded from the analysis.
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Stimulation of peripheral blood mononuclear cells

To assess TNF signaling, PBMCs from six patients diagnosed
with SLE and from three healthy individuals were utilized. All
PBMCs used in the experiments were isolated from
heparinized whole blood using a Ficoll-Paque™ Plus (GE
Healthcare Biosciences, Uppsala, Sweden) gradient centrifu-
gation according to the manufacturer's recommendations. The
cells were incubated in RPMI 1640 with 10% heat-inactivated
fetal bovine serum and TNF (20 ng/ml) in a carbon dioxide
incubator at 37°C for 24 hours.

To examine the effects of interactions between IFNa and one
of TNF, IFNy, or E2 on interferon-inducible (IFl) genes, we per-
formed co-stimulating experiments on PBMCs. The PBMCs
isolated from three healthy women were cultured with 20 ng/
ml TNF, 156 ng/ml IFNy, 2 ng/ml E2, and 500 U/mi IFNa or null,
and were co-stimulated with TNF and IFNa, with IFNy and
IFNo., or with E2 and IFNa. PBMCs were cultured at a final
concentration of 1.5 x 106 cells/ml.

TNF [GenBank:CAA26669] and IFNy [GenBank:AAB59534}
were purchased from R&D Systems (Minneapolis, MN, USA).
IFNa [GenBank:NP_000596] and E2 were purchased from
PBL Biomedical Laboratories (Piscataway, NJ, USA) and
Sigma (St Louis, MO, USA), respectively.

Preparation of cDNA and quantitative RT-PCR

Total RNA from the PBMCs was extracted using the RNeasy
Mini Kit (Qiagen) according to the manufacturer's instructions.
One microgram of RNA was reverse-transcribed into cDNA
using 2.5 pM random hexamers and 125 units MuLV reverse
transcriptase (Applied Biosystems, Foster City, CA, USA) in a
100 pl reaction mixture. Four microliters of the twofold-diluted
cDNA products were amplified in a 25 pl reaction mixture con-
taining TagMan Universal Master Mix and each TagMan
probes (Applied Biosystems). The assay identification num-
bers for the probes are presented in Table 1.

The real-time PCR was performed in a 96-well optical plate
with the Applied Biosystems 7500 real-time PCR system
under the following cycling conditions: 2 minutes at 50°C (one
cycle), 10 minutes at 95°C (one cycle), 15 seconds at 95°C
and 1 minute at 80°C (40 cycles). For each gene (performed
in duplicate for each sample), cycle threshold (Ct) values were
determined from the linear region of the amplification plot and
were normalized by subtracting the Ct value of GAPDH (gen-
erating a ACt value). The response to the cytokines or E2 was
determined by subtracting the ACt value for the time-matched
control from the ACt value for the stimulated sample (AACt
value). The fold change was subsequently calculated using the
formula 2AACt (where AACt was converted to an absolute
value).

Available online http://arthritis-research.com/content/11/1/R1

Statistical analysis

The unpaired Mann-Whitney test was used to determine sta-
tistically significant differences in the mRNA expression levels
between the SLE patient and healthy individual groups. The
criterion for the statistical significance was P < 0.05.

Results

Immune response-related genes identified by gene
ontology analysis

Thirty-eight downregulated genes and 68 upregulated genes
were categorized into the functional category of immune
response. Most of the 68 upregulated genes were interferon
regulated — including 17 IFl genes such as interferon-induced
protein with tetratricopeptide repeats (IFIT) 1, 2,5 oligoade-
nylate synthetase 1 (OAS1), 2',5'-oligoadenylate synthetase-
like (OASL), interferon-stimulated gene, 15 kDa (ISG15), and
interferon regulatory factor 7 (IRF7) that have been reported
as overexpressed in the PBMCs of SLE.

Network-based analysis on the downregulated or
upregulated genes in the functional category of immune
response

There were two networks represented by the downregulated
genes. Twenty-three out of the 38 downregulated genes were
included in the first network, including p38 mitogen-activated
protein kinase (MAPK) complex and NFxB complex depicted
at the center of Figure 1a. p38 MAPK is phosphorylated in
response to inflammatory cytokines including IL-1§ [20] and
TNF. Phosphorylated p38 MAPK contributes to the activation
of NFkB, which regulates the gene expression of various
cytokines, chemokines and adhesion molecules [21].
Although TNF was not identified in this network, we found that
most of the molecules were TNF-regulated - including cell sur-
face antigens (CD40, CD14, CD1C), chemokine (C-C motif)
receptor 7, and acute phase proteins such as serum amyloid
A, and apelin. These data, together with a previous report of
increased TNF levels in the serum of SLE patients [2], sug-
gested that an abnormality in TNF signaling might exist. Mean-
while, a cluster of MHC class I genes consisting of HLA-DRA,
HLA-DQA1, HLA-DQOB1, and CD74 (also known as HLA-
DRG) were also identified in this network. The second net-
work, composed of nine downregulated genes, implied that
there were interactions among TNF, IFNy, IL-2, IL-4, and E2
(Figure 1b).

Our analysis found only four networks represented by the
upregulated molecules. The first network, constructed by 25
upregulated molecules, was the network with p38 MAPK,
NFxB, and TNF receptor depicted at the center of Figure 2a.
A cluster of the Toll-like receptor (TLR) family (that is, TLR1,
TLR2, TLR4, and TLRS) and another cluster of Fcy receptors
(FcyRs) were identified in this network. The two clusters were
indirectly connected through p38 MAPK and NFkB, suggest-
ing there may be functional interactions among these mole-
cules through this pathway. This network was overlapped with
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Table 1

Assay identification numbers for probes

Probe Identification number
CD40 Hs01002913_m1
CDt1C Hs00233509_m1
CD14 Hs00169122_g1
Chemokine (C-C motif) receptor 7 (CCR7) Hs001710564_m1
iL128B Hs00233688_m1

IL-4 receptor (IL4R)

Prostaglandin E synthase (PTGES)

Interferon-induced protein with tetratricopeptide repeats 1 (IFIT1)
interferon-induced protein with tetratricopeptide repeats 3 (IFIT3)
Interferon-induced protein with tetratricopeptide repeats 5 (IFIT5)
Interferon, alpha-inducible protein 6 (IFI6)

Interferon, gamma-inducible protein 16 (IFI16)

Interferon, alpha-inducible protein 27 (IFI27)

Interferon, gamma-inducible protein 30 {IFI30)

Interferon-induced protein 35 (IFI35)

Interferon induced transmembrane protein 1 (IFITM1)
Interferon-stimulated gene, 15 kDa (ISG15)

Interferon regulatory factor 7 (IRF7)

2',5"-oligoadenylate synthetase 1 (OAS1)

2'5"-oligoadenylate synthetase-like (OASL)

Guanylate binding protein 1 (GBP1)

Guanylate binding protein 2 (GBP2)

IL8RA

C-type lectin domain family 4, member E (CLEC4E)
TNFa-induced protein 6 (TNFAIP6)

Hs00166237_m1
Hs00610420_m1
Hs01911452_m1
Hs00382744_m1
Hs00202721_m1
Hs00242571_m1
Hs00194261_m1
Hs00271467_mt
Hs00173838_m1
Hs00413458_m1
Hs01652622_g1
Hs00192713_m1
Hs00242190_gt
Hs00242943_m1
Hs00388714_m1
Hs00266717_m1
Hs00269759_m1
Hs00174146_m1
Hs00372017_m1
Hs00200180_m1

the fourth network, whose central molecules were [FNy and E2
(Figure 2d). There were nine IFI molecules found in the first
and fourth networks. The second network was represented by
Akt and a calcium ion at the center (Figure 2b), while the third
network was mainly attributed to TNF (Figure 2c). We found
that two IFl molecules were included in the second network,
and that seven out of the 14 upregulated molecules that con-
structed the third network were IFl molecules.

Gathering the above results, TNF, IFNy, and E2 were depicted
by both downregulated and upregulated molecules in the net-
works. As most of the genes in the immune response were
TNF regulated, we performed stimulating experiments on the
PBMCs of SLE patients and healthy individuals to assess the
TNF regulation on the immune response-related molecules in
SLE. On the other hand, although the expression of IFNa was
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not upregulated and was not depicted in networks related to
TNF, IFNy, or E2, IFl molecules were found ranging over the
four networks. Furthermore, it has been reported that there
exist elevated levels of type | interferon in the SLE serum. Type
linterferon therefore appears to have complicated interactions
with various cytokines and E2. This encouraged us to further
examine the effects of interactions between IFNa and one of
TNF, IFNy, or E2 on IFl gene expression.

Gene expression profiles of peripheral blood
mononuclear cells by TNF stimulation for SLE patients
and healthy individuals

Seven downregulated genes (CD40, CD1C, CD14, chemok-
ine (C-C motif) receptor 7, IL12B, IL-4 receptor, and prostag-
landin E synthase) and 12 upregulated genes (IFIT1, IFIT3,
IFiTS, 1ISG15, IRF7, OASL, OAS1, guanylate binding protein
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network,

(GBP) 1, GBP2, IL8RA, C-type lectin domain family 4 member
E, and TNFa-induced protein 6), all of which were TNF regu-
lated, were selected and their mRNA expressions upon TNF
stimulation were measured by quantitative RT-PCR. All of the
genes selected showed essentially the same responses to
TNF stimulation on PBMCs independent of the individual (Fig-
ure 3). CD40, IL12B, prostaglandin E synthase, C-type lectin
domain family 4 member E, and TNFa-induced protein 6 were
upregulated, while CD1C, IFIT1, IFIT3, OAS1, and ILBRA
were downregulated upon TNF stimulation in both SLE
patients and healthy individuals.

The in vivo gene expression profiles of SLE, however, were dif-
ferent from the results of in vitro PBMC stimulation by TNF. For
example, CD40 was downregulated in vivo but was upregu-
lated upon TNF stimulation in vitro. Meanwhile, IFl genes such
as IFIT1, IFIT3, OAS1, ISG15 and IRF?7, and ILBRA were
upregulated in vivo, but IFIT1, IFIT3, OAS1 and ILBRA were
downregulated, while ISG156 and IRF7 showed almost no
response to TNF in vitro. These data suggest that other solu-
ble factors might be involved in the regulation on the gene
expression. Indeed, high levels of interferon in SLE serum have
been suggested to cause overexpression of IFl genes [22].
Interestingly, we not only found that TNF had repressive
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Figure 2
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Network-based analysis of upregulated genes in the functional category of immune response. (a) Network 1, (b) Network 2, (c) Network 3,

and (d) Network 4 constructed by upregulated genes.

effects on IFl genes IFIT1, IFIT3, IFIT5, ISG15, and IRF7
expression, but that the effect was significantly stronger on
SLE patients' PBMCs than those of healthy individuals. This
result may be caused by the differences in the baseline expres-
sions where IFl genes were overexpressed in vivo in SLE
patients.

Repressive effect of TNF on interferon-inducible gene
expressions in peripheral blood mononuclear cells in
vitro

The expression of 15 IFl genes (IFIT1, IFIT3, IFITS, IFI6, IFI18,
{FI27, IF130, IFI35, interferon-induced transmembrane protein
1, 1SG15, IRF7, OAS1, OASL, GBP1, and GBP2) in PBMCs
upon stimulation were measured. All of these genes were
upregulated upon IFNa stimulation, while only some were
upregulated by IFNy (data not shown). On the other hand, TNF
also showed a repressive effect on the expressions of most IFl
genes in PBMCs in vitro in this experiment.

The relative expressions of three of the representative genes
(that is, IFIT1, IFIT3, and IFI27) from three women are shown
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in Figure 4. A remarkable suppression was observed through
the TNF and IFNo co-stimulating experiment (Figure 4a). On
the other hand, there was synergism between IFNy and IFNa
on IFl gene expressions, although with some exceptions like
IFIT1 {Figure 4b). IFIT1 was downregulated upon IFNy and
IFNa co-stimulation, unlike stimulation with IFNa alone. E2
showed no significant or consistent interaction with IFNa for
most of the IFl genes. Inconsistent responses to E2 stimula-
tion, however, were observed among the three healthy donors
on IFI27. E2 tended to downregulate IFI27 expression in one
donor but upregulated expression in the other two donors (Fig-
ure 4¢).

To test a hypothesis that TNF decreases IFl gene expression
through suppressing IFNa production, we examined the effect
of TNF or IFNa on IFNa. mRNA expression. Its expression was
too low to be measured and there were no significant changes
in TNF, IFNa, or TNF + IFNo. 24-hour-stimulated PBMCs,
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Figure 3
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Effect of TNF stimulation on gene expression in healthy individuals
and systemic lupus erythematosus patients. Peripheral blood mono-
nuclear cells (PBMCs) from six systemic lupus erythematosus (SLE)
patients and three healthy individuals {HI) were isolated and stimulated
for 24 hours in the absence and presence of 20 ng/ml TNF. The relative
mRNA expressions (RE) compared between TNF-stimulated and non-
stimulated control individuals were measured using quantitative RT-
PCR. The RE of seven downregulated genes (highlighted in green) and
12 upregulated genes (highlighted in red) are designated by five colors
as shown. See Table 1 for gene identification.

Discussion

To identify the molecules involved in the aberrant immune sys-
tem of SLE, we compared the gene expression profiles of
peripheral blood between SLE patients and healthy individuals
using microarray technology followed by gene ontology analy-
sis. Most previously reported SLE studies utilizing microarray
analysis have used PBMCs, but in the present study we used
whole blood from SLE patients to exhaustively analyze the
gene expression profiles of immune response-related mole-
cules in vivo. Despite an additional proportion of granulocytes
{mainly neutrophils), our results showed that there was an
overexpression of several interferon-regulated genes. This
result was in agreement with a previous report showing that
peripheral blood from SLE patients had remarkably
homogeneous gene expression patterns with an overexpres-
sion of IFl genes [10], and confirms the involvement of inter-
feron in SLE.

Since the immune system is regulated by an elaborate net-
work, interactions among the downregulated genes and the
upregulated genes of the immune response category were fur-
ther investigated by utilizing network-based analysis. A cluster
of the TLR family (that is, TLR1, TLR2, TLR4, and TLRS) and
another cluster of FcyRs were upregulated and depicted in the

Available online http://arthritis-research.com/content/11/1/R1

same network, which had p38 MAPK and NFkB at the center.
Our finding that FcyR genes were overexpressed in the periph-
eral blood of SLE patients is novel, although the overexpres-
sion of TLR genes has been recently reported [23].
Furthermore, this is the first report showing that these clusters
possibly interact with each other through p38 MAPK and
NFkB signaling pathways in a network, and consequently con-
tribute to SLE. Indeed, it has been shown that FcyRllb is a
gene susceptible to SLE both in humans and mice [24].
Means and Luster have reported that a functional interaction
between TLR9 and CD32 (also known as FcyRlla) may be
involved in the pathogenesis of SLE, and they also have sug-
gested the possibility that TLR7 may activate cells through
similar pathways [25]. Although in our study overexpression of
DNA-recognizing TLR9, which has been suggested to be trig-
gered by immune complexes containing DNA in SLE [26,27],
was not statistically significant according to the rank test,
seven out of the 11 SLE patients showed upregulated expres-
sions of TLR9. In addition, TLR1, TLR2, TLR4, and TLR5 -
which serve to recognize bacterial components such as
lipopolysaccharide or lipopeptides [28,29] — were also upreg-
ulated. Our network-based analysis therefore suggested the
hypothesis that the interaction between TLRs and FcyRs is
involved in the pathogenesis of SLE.

We additionally found that networks whose central molecule
was TNF, IFNy, or E2 were represented by both the downreg-
ulated genes and the upregulated genes in the functional cat-
egory of immune response. This observation suggested that
TNF, IFNy, or E2 may be involved in the abnormal expressions
of both downregulated and upregulated genes in the immune
response. Indeed, the elevated level of some cytokines such
as TNF and interferon in the sera of SLE patients has been
reported [2,4,30,31]. Although our data did not show a signif-
icant increase in the gene expressions of TNF, IFNy, or IFNa in
themselves according to rank test, more than one-half of the
SLE patients' individual data showed an increase in the TNF
gene expression in our study {data not shown). For IFN«, the
expression was not increased in the peripheral blood but it
may be produced at the other site. Siegal and colleagues have
demonstrated that purified interferon-producing cells were
CD4+CD11¢ type 2 dendritic cell precursors, which produce
200 to 1,000 times more IFNa than other blood cells after a
microbial challenge [32]. E2 is enzymatically synthesized in the
ovary, and therefore does not transcript and cannot be
detected in peripheral blood in the present study. There is,
however, a 10 to 15 times higher frequency of SLE in women
during childbearing years, probably due to an estrogen hormo-
nal effect [33]. We therefore believe these results are a good
reason to further investigate E2 involvement in SLE
pathogenesis.

Concerning the interaction between cytokines, to our knowl-
edge this is the first report showing that TNF has a repressive
effect on IFl genes in vitro. Although the exact mechanisms of
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Figure 4
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Effect of cytokines or p-estradiol on the expressions of interferon-inducible genes. Peripheral blood mononuclear cells from three heaithy
donors were cultured with the indicated cytokines for 24 hours. RNA was analyzed by quantitative RT-PCR as described in Materials and methods.
Relative expression of the indicated genes - interferon-induced protein with tetratricopeptide repeats 1 (IFIT1), interferon-induced protein with
tetratricopeptide repeats 3 (IFIT3), and interferon alpha-inducible protein 27 (IFI27) ~ compared with their nonstimulated cultures is shown. Each bar
represents the mean value of duplicate wells as compared with the nonstimulated control. Downregulated genes were arbitrarily assigned a negative

value.

the IFI gene product involvement in SLE pathogenesis are stilt
poorly understood, we suspect that the elevated expression of
TNF in SLE reduces the overexpression of IFl genes. Since
serum levels of both TNF and IFNa were reportedly elevated
in SLE, as mentioned above, it is possible that the increased
serum TNF level in SLE is an outcome to compensate the
immune system balance altered by IFNa in SLE. Consider that
patients with rheumatoid arthritis or Crohn's disease under
TNF-blocking therapies can develop autoantibodies to nuclear
antigens [34]; therapeutic TNF blockades could thus lead to
an exacerbation of certain autoimmune diseases such as SLE
and to provoke lupus-like manifestations. Palucka and col-
leagues reported recently that blocking TNF signaling
increases the production of IFNa by plasmacytoid dendritic
cells and induces an IFN signature in the blood of arthritis
patients [35]. This may be another mechanism for TNF inhibi-
tor to induce the IFN signature. We confirmed that there was
no significant effect, however, of TNF on IFNo gene expres-
sion in the PBMCs in our experiment. Furthermore, the 500
units/ml IFNa. we used for stimulation is obviously a higher
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amount than endogenously produced IFNa. TNF therefore
appeared to directly suppress IFl gene expression in PBMCs.
We suggest that the direct suppressive effect of TNF on the
IFN signature induced by IFNq, at least, exists in the network
regulation of cytokines in vivo.

The results of the co-stimulating experiments did not show any
strong evidence of a functional interaction between E2 and
IFNa on the expression of IFl genes. Inconsistent gene expres-
sion patterns were observed in the co-stimulating experiments,
possibly due to the hormonal effects of the women donors.
The modulation of estrogens on humoral immune response
seems to be greatly dependent on its physiological concentra-
tion, and E2 is a versatile hormone that plays a wide variety of
roles in our body [36]. We therefore cannot exclude the pos-
sibility that E2 also plays a significant role in the pathophysiol-
ogy of SLE.
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Conclusion

TNF may have a counter effect on the abnormal regulation of
IFNo on the immune response-related gene expressions, while
IFNy may have a synergistic effect with [FNa. in SLE. Interac-
tions between IFNa and one of TNF, IFNy, or E2 had a sug-
gested involvement in the pathogenesis of SLE.
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