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Table 2 continued

Variable All patients (n = 52) SLE patients P value
Without vertebral ~ With vertebral
fractures (n = 26) fractures (n = 26)
Treatment
Ever use of corticosteroids, n (%) 50 (96.2) 26 (100) 24 (92.3) 0.149
Treatment duration of corticosteroids [mean (SD), years) 15.3 (8.2) 13.3 (7.3)* 17.6 (8.7)° 0.087
Maximal dosage of oral corticosteroids [mean (SD), mg/day] 43.0 (8.2) 45.4 (20.6)° 40.6 (19.5)° 0.412
Ever use of IV methylprednisolone, n (%) 13 (25.0) 6 (23.1) 7 (26.9) 0.749
Current use of corticosteroids, n (%) 48 (92.3) 26 (100) 22 (84.6) 0.037
Actual prednisone dosage [mean (SD), mg/day] 8.4 (4.8) 7.9 (4.5) 8.9 (5.2)* 0.483
History of cyclosporin, n (%) 10 (19.2) 7 (26.9) 4 (15.4) 0.159
Current use of cyclosporin, n (%) 9 (17.3) 5(19.2) 4(15.4) 0.714
History of methotrexate, n (%) 1(1.9) 0(0) 1(3.8) 0.313
Current use of methotrexate, n (%) 1(1.9) 0 (0 1(3.8) 0.313
History of cyclophosphamide, n (%) 16 (30.8) 7 (26.9) 9 (34.6) 0.548
History of IV cyclophosphamide, n (%) 9 (17.3) 5(19.2) 4 (15.4) 0.714
Current use of oral cyclophosphamide, n (%) 1(1.9) 0 (0) 1 (3.8) 0.313
History of azathioprine, n (%) 7 (13.5) 4 (154) 3(11.5) 0.685
Current use of azathioprine, n (%) 1(1.9) 1(3.8) 0(0) 0.313
History of mizoribine, n (%) 6 (11.5) 3 C11:5) 3(11.5) 1
History of mycophenolate mofetil (MME), n (%) 1(1.9) 1(3.8) 0(0) 0.313
History of rituximab, n (%) 2(3.8) 1(3.8) 1(3.8) 1
Current use of major tranquilizer, n (%) 1(2.0) 0 (0)! 1 (3.8) 0.322
Current use of minor tranquilizer, n (%) 14 (26.9) 5(19.2) 9 (34.6) 0.211
Current use of antispasmodic, n (%) 3(5.8) 1(3.8) 211 0.552
Current use of vitamin D supplements, n (%) 32 (61.5) 14 (53.8) 18 (69.2) 0.254
Current hormone replacement therapy, n (%) 2 (3.9 0 (0! 2(7.7) 0.157
Current use of vitamin K. supplements, n (%) 12 (23.5) 5(19.2) 7 (28.0)! 0.46
Current use of warfarin, n (%) 9 (18.4) 4 (16.0)! 5 (20.8)° 0.662
Current use of bisphosphonates, n (%) 21 (40.4) 11 (42.3) 10 (38.5) 0.777
Current use of alendronates, n (%) 8 (15.4) 3 (115 5(19.2) 0.442
Current use of risedronates, n (%) 13 (25.0) 8 (30.8) 5(19.2) 0.337
Current use of calcium supplements, n (%) 14 (26.9) 6 (23.1) 8 (30.8) 0.532
Current use of calcitonin, n (%) 1(1.9) 0(0) 1(3.8) 0.313
Current use of oral contraceptive, n (%) 1(2.0) 1(3.8) 0 (0! 0.322
Current use of vitamin C supplements, n (%) 7 (13.5) 3(11.5) 4 (15.4) 0.685

Superscript numbers indicate missing data for the corresponding number of SLE patients

Risk factors for vertebral fractures among SLE patients

Table 3 shows the association between selected factors
based on univariate analyses and risk of vertebral fracture
among SLE patients. Although age, disease duration and
CS treatment duration were significantly or marginally
different between SLE patients with and without vertebral
fractures, only age was included in a multivariate analysis.
As these three factors were strongly correlated each other
(data not shown), factors in the same equation may be

overcontrolling. A history of previous bone fracture was
significantly associated with an increased risk of vertebral
fractures (adjusted OR = 14.8, 95 % CI = 1.62-134;
P = 0.017). In contrast, daily use of tea or coffee was
marginally associated with a decreased risk (adjusted
OR = 0.11,95 % CI = 0.01-1.01; P = 0.051), despite the
small number of the cases (n = 6). Postmenopausal status
(crude OR = 4.67, 95 % CI = 1.34-16.24; P = 0.015)
was associated with increased risk whereas regular men-
struation was associated with decreased risk (crude

) Springer



Mod Rheumatol

Table 3 Association between selected factors and risk of vertebral fracture among systemic lupus erythematosus (SLE) patients

Factors Crude OR P value Adjusted” OR P value
(95 % CI) (95 % CI)

Fish intake 2 + week versus 1 or none 6.25 (0.67-57.9) 0.107 4.04 (0.23-71.2) 0.341
Black tea or coffee daily versus nondaily 0.25 (0.06-1.05) 0.058 0.11 (0.01-1.01) 0.051
Menopausal status post- versus premenopause 4,67 (1.34-16.2) 0.015 0.85 (0.02-38.0) 0.935
Menstruation regular versus irregular 0.22 (0.07-0.75) 0.016 0.06 (0.01-1.74) 0.101
History of previous bone fracture positive versus negative 4.79 (1.14-20.2) 0.033 14.8 (1.62-134) 0.017
Family history of osteoporosis or femoral neck fracture positive versus 5.95 (0.64-55.0) 0.116 Not calculable -

negative

* Adjusted for age, fish intake, black tea or coffee intake, menstruation, history of previous bone fracture and family history of osteoporosis or

femoral neck fracture

OR =0.22, 95 % CI = 0.07-0.75; P = 0.016). After
further adjustment, postmenopausal status and regular
menstruation were not significantly associated with the risk
of vertebral fractures.

Discussion

This is the first study of prevalence and risk factors of
vertebral fracture in female Japanese SLE patients. Only
four studies have reported the prevalence of vertebral
fractures (20-29 %) in Caucasian SLE patients [10-13].
Bultink et al. [11] showed that vertebral fracture was
associated with a history of intravenously administered
methylprednisolone and male sex. Almehed et al. [12]
showed that high age and low BMD in the total hip but not
in the spine were associated with vertebral fractures. In a
Chinese population, a high prevalence of asymptomatic
vertebral fractures (20.4 %) was also found in women with
SLE [24]. We, on the other hand, demonstrated that
the prevalence of vertebral fractures was more than double
the reported figures (50 % in 52 patients). In this study, the
prevalence of osteopenia and osteoporosis among SLE
patients was 50 % and 13.8 %, respectively, within the
range of prevalence seen in previous studies of SLE
patients [5-9]. It is necessary to consider the impact
of clinical and environmental factors on the differences of
prevalence in Japanese and Caucasians. The incidence of
hip fracture is lower [25-27] and of spinal fracture is
higher among Asian compared with Caucasian women, as
Japanese women have lower BMD at several skeletal sites.
Ross et al. [27] reported that age-adjusted prevalence of
vertebral fracture has been reported to be higher among
native Japanese women than among women of Japanese
descent living in Hawaii, and this difference in fracture
prevalence might derive from the differences in the prev-
alence (distributions) of nongenetic risk factors. Kobayashi
[28] reported that the calcium content of river water in
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Japan is lower than that in most European countries. Die-
tary calcium intake in the Japanese population is less than
that in the Hong Kong population (550 mg/day in men and
519 mg/day in women vs. 628 and 569 mg/day for people
aged =65 years) [29, 30]. Vitamin D deficiency is common
among Japanese women, which may affect the outcome of
various treatments. Estrogen increases calcium absorption
in postmenopausal osteoporosis by increasing serum 1,25-
dihydroxyvitamin D. In fact, an additive effect of vitamin
D and estrogen on BMD has been suggested in the Japa-
nese population [31]. When reference curves of BMD with
aging were compared among Chinese, Japanese, and
American Caucasian women, Japanese women had lower
BMD at various skeletal sites and a higher rate of BMD
decrease with aging than Caucasian women [32]. Although
the prevalence of vertebral fracture was significantly higher
in Japan compared with Hong Kong, no BMD difference
was noted between the two populations. The author
explained this finding by the smaller body size of Japanese
[33]. In a systematic review, Ruyssen-Witrand et al. [34]
showed that vertebral size was an independent risk factor
for vertebral fracture.

Most fractures in our study were grade 1 (20-25 %
reduction of height) and located in the thoracic spine,
confirming previous studies. Almehed et al. [12] reported
the fracture prevalence was highest in the midthoracic
spine, T6—T8, whereas compression severity was highest in
lower lumber spine in SLE patients. In the general popu-
lation, there are indications of compression fractures being
more abundant in the thoracolumbar junction (T11-L2)
[12]. The reason fracture location differs between the
general population and SLE patients remains unclear.

Our study could not show that low BMD in total hip
studies was associated with vertebral fracture (P = 0.181
in univariate analysis), although it had the lowest mean
BMD in similar studies [10-14]. Our sample size might be
too small to detect low BMD as a risk factor of vertebral
fracture in patients with SLE. However, three studies
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[12-14] reported that there were large proportions of SLE
patients with normal BMD and vertebral fractures
(3040 %), which is also consistent with the outcome of
our study (37.5 %). BMD is widely recognized as one of
the main predictors of bone fractures. Several studies [35—
37] have shown that age is a risk factor for fracture inde-
pendent of bone density. Huang et al. [38] found that age,
age at menopause, and years between menarche and
menopause significantly influenced vertebral fracture
prevalence after adjustment for BMD, suggesting that these
variables and BMD both contribute complementary infor-
mation about fracture risk. Besides BMD, there are other
factors influencing the risk of vertebral fracture, such bone
dimensions, bone and intervertebral disc quality, bone
microarchitecture, spinal loading, and neuronal and muscle
function. As some SLE patients are at high risk of throm-
bosis, impaired microcirculation in bone could damage
bone-cell viability and subsequently its possibility of
repairing trabecular damage. Mechanisms leading to
impaired bone strength could also be initiated by autoan-
tibodies directed against substances necessary for healthy
bone remodeling [12]. Factors such as age- and SLE-rela-
ted changes in bone quality, age-related likelihood of
falling, and menopause-related mechanisms may also
contribute to fracture risk independent of BMD.

Corticosteroids are widely used in SLE patients to
control disease activity. Longitudinal studies show that the
most rapid rate of bone loss occurs within the first
6—12 months of treatment and is similar at both the lumbar
spine and femoral neck [39-41]. This bone loss continues
at a rate of two to three times greater than normal in
patients undergoing long-term CS therapy [42] and is
associated with an increased risk of both vertebral and
nonvertebral fractures [43]. We found no association
between vertebral fractures and other measures of CS
because data on cumulative oral intake of CS was not
available. On the contrary, there are some studies demon-
strating no association between vertebral fractures and CS
use [44, 45]. Weinstein et al. [46] demonstrated that oste-
ocyte apoptosis could lead to increased body fragility due
to the interruption of the osteocyte network and the need
for remodeling. Apoptosis can occur in different cell types
in SLE [47]. If apoptosis affects the bones of patients with
SLE, this indicates the importance of bone quality rather
than quantity in conditions where CS are used or there are
other major risk factors for vertebral fractures.

This study showed that history of previous bone fracture
at any site was significantly associated with increased risk
of vertebral fractures (Table 3). Klotbuecher et al. [48]
reported that the strongest associations were observed
between prior and subsequent vertebral fractures; women
with preexisting vertebral fractures had approximately four
times greater risk of subsequent vertebral fractures than

those without prior fractures, and most studies reported
relative risks of approximately two for other combinations
of prior and future fracture sites (hip, spine, wrist, or any
site).

We found no association between vertebral fracture and
current use of bisphosphonates (alendronates or risedro-
nates). Since first commercial sales in Japan in 2001, we
have used bisphosphonates to treat CS-induced osteopo-
rosis in SLE patients. All bisphosphonates approved for
osteoporosis treatment show robust efficacy in preventing
fractures in registration trials lasting 34 years. However,
recent information suggests that bisphosphonates should be
used cautiously in patients receiving more prolonged CS
treatment. Reports of previously unnoticed complications,
such as severe suppression of bone turnover (SSBT) and
osteonecrosis of the jaw, have emerged with long-term use
of bisphosphonates. SSBT, resulting in increased suscep-
tibility to nonspinal fractures that heal poorly, appears to
occur earlier when alendronate is coadministered with
either glucocorticoids or estrogen [49]. Regarding vertebral
fracture, it has been proved that alendronate treatment for
>5 years reduced clinically recognized vertebral fractures
but not morphometric vertebral fractures without symp-
toms [Fracture Intervention Trial Long-Term Extension
(FLEX) trial] [50].

High caffeine intake has been cited as a risk factor for
osteoporosis. Although the mechanisms underlying this
association are incompletely understood, caffeine con-
sumption is associated with displacement of milk from the
diet [51, 52], inhibition of intestinal calcium absorption
[53-56], and increased urinary calcium excretion [53-56].
Some observational studies suggest that the impact of
heavy caffeine consumption on calcium metabolism and
bone mass or fracture risk may be most detrimental for
individuals with very low calcium intake [57-61]. Other
studies suggest that caffeine-induced increases in urinary
calcium excretion are not associated with impaired calcium
absorption and/or bone density among younger women [53,
62], and a small placebo-controlled randomized crossover
study demonstrated no significant changes in calcium
economy associated with 400 mg/day of caffeine admin-
istered for 19 days to 16 women aged 26-35 [63]. Coffee
and green tea are the most popular nonalcoholic beverages
in Japan. Caffeine is an important component of each of
these drinks and is widely used in other foods and medi-
cations. The complex pharmacogenetic and physiologic
effects of caffeine have prompted a great deal of investi-
gation into the health consequences of caffeine ingestion
[64]. In our study, frequent black tea or coffee intake was
marginally associated with a decreased risk of vertebral
fractures among SLE patients (Table 3). High caffeine
intake is reportedly a risk factor for reduced BMD. How-
ever, Hagarty et al. [65] reported that older women who
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drank tea had higher BMD measurements than did those
who did not drink tea because nutrients found in tea, such
as flavonoids, may influence BMD, and tea drinking may
protect against osteoporosis in older women. As for coffee
drinking, Sakamoto et al. [66] reported that coffee did not
stimulate bone loss in rats.

In conclusion, the excessive prevalence of vertebral
fractures (50 %) in 52 female Japanese SLE patients,
especially those with a history of previous bone fracture,
was observed in this study, although the strength of this
evidence is limited by our small sample size. Therefore, we
recommend lateral spine radiograph assessment in female
Japanese SLE patients regardless of BMD, CS use, and
presence of symptoms, after considering age and meno-
pausal state. Additional studies with larger sample size
might be needed to better understand the high prevalence
of vertebral fracture occurrence in female Japanese patients
with SLE.
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Safety and Efficacy of Various Dosages of Ocrelizumab
in Japanese Patients with Rheumatoid Arthritis with an
Inadequate Response to Methotrexate Therapy:

A Placebo-controlled Double-blind Parallel-group Study

MASAYOSHI HARIGAI, YOSHIYA TANAKA, SHINGO MAISAWA, and the JA21963 Study Group

ABSTRACT. Objective. To evaluate the safety and efficacy of ocrelizumab (OCR) in Japanese patients with
rheumatoid arthritis (RA) with an inadequate response to methotrexate (MTX).
Methods. RA patients with an inadequate response to MTX 6-8 mg/week received an infusion of 50,
200, or 500 mg OCR or placebo on Days 1 and 15 and were observed for 24 weeks. The double-blind
period was prematurely terminated because of a possible risk for serious infection from OCR.
Results. A total of 152 patients were randomized into the study. The incidence of infection was
37.7% (43/114) in the OCR groups combined, compared to 18.9% (7/37) in the placebo group.
Serious infections occurred in 7 patients in the OCR groups combined; there were no serious infec-
tions in the placebo group. Among the serious infections, Pneumocystis jirovecii pneumonia occurred
in 2 patients in the OCR 200 mg group. The American College of Rheumatology 20% response rates
at Week 24 (the primary endpoint) of the OCR 50, 200, and 500 mg groups were 54.1% (p = 0.0080),
55.6% (p = 0.0056), and 47.2% (p = 0.044), respectively, all significantly higher than that of the
placebo group (25.0%).
Conclusion. These results suggest inappropriate benefit-risk balance of OCR in this patient population.
Because rituximab is not approved for treatment of RA in Japan, it will be necessary to investigate safe-
ty and efficacy of other anti-B cell therapies in Japanese patients with RA. (ClinicalTrials.gov
NCT00779220). (First Release Jan 15 2012; J Rheumatol 2012;39:486-95; doi: 10.3899/jrheum.110994)
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RHEUMATOID ARTHRITIS
CLINICAL TRIALS

The possible involvement of B cells in the pathogenesis and
progression of RA, including autoantibody production,
autoantigen presentation, T cell activation, and production
of proinflammatory cytokines and chemokines, has been
suggested! 2343, Based on these reports, clinical trials of
rituximab (RTX), a chimeric anti-CD20 monoclonal anti-
body (mAb) targeting CD20 molecules, were conducted in
patients with rheumatoid arthritis (RA)78. Subsequently,
RTX was approved for treatment of RA in Europe and the
United States.

Ocrelizumab (OCR) is a humanized mAb that also tar-
gets CD20%'0 and eliminates B cells by inducing anti-
body-dependent cell-mediated cytotoxicity (ADCC), com-
plement-dependent cytotoxicity (CDC), and apoptosis.
While the epitopes recognized by OCR and RTX on the
extracellular domain of the CD20 molecule partially over-
lap, OCR offers some advantages over RTX. First, OCR is
expected to be better tolerated over repeated and longterm
administration because OCR induced higher ADCC activity
and lower CDC activity than RTX in vitro: this has clinical
relevance because CDC activation has been associated with

4[ Personal non-commercial use only. The Journal of Rheumatology Copyright ® 2012. All rights reserved. |7
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the incidence and severity of infusion-related reactions
(IRR)!!". Second, as a humanized mAb, OCR may have
lower immunogenicity than RTX, a chimeric mAb.

A 6-month, double-blind, phase I/II study of OCR (the
ACTION study) was undertaken in the United States,
enrolling patients with RA with an inadequate response to
disease-modifying antirheumatic drugs (DMARD). The
results of the ACTION study confirmed the clinical useful-
ness of OCR in combination with methotrexate (MTX)!2. To
investigate the dose-responsive effects of OCR in Japanese
patients with RA, we conducted a 24-week, placebo-con-
trolled, double-blind, phase II study of OCR with concomi-
tant MTX treatment in Japanese patients with RA whose
response to MTX had proved inadequate.

MATERIALS AND METHODS

Patients. Our study was conducted at 37 sites in Japan with approval from
the Institutional Review Board at each participating site. Written informed
consent was obtained from each patient participating in the trial. Our study
was conducted in accord with the Declaration of Helsinki and the Good
Clinical Practice guidelines, and was registered at ClinicalTrials.gov,
NCT00779220.

Patients selected were = 20 years old, fulfilled the American College of
Rheumatology (ACR) 1987 revised criteria for RA'3, were rheumatoid fac-
tor (RF)-positive (> 20 IU/ml), showed an inadequate response to MTX at
a dosage of 6-8 mg/week (maximum approved dose in Japan at that time:
8 mg/wk) for at least 12 weeks with a stable dose for the last 4 weeks before
study treatment, had not used tocilizumab, infliximab, adalimumab, or
leflunomide for at least 8 weeks before study treatment, and had used no
other DMARD except MTX for at least 4 weeks before study treatment.
Active disease was defined as swollen joint count = 8 (66-joint count), ten-
der joint count = 8 (68-joint count), and either serum C-reactive protein
(CRP) = 1.5 mg/dl or erythrocyte sedimentation rate (ESR) = 28 mm/h.
Key exclusion criteria were additional autoimmune disorders, previous
treatment with cell-depleting agents, neutrophil count < 1500/p1, platelet
count < 100,000/, IgG or IgM less than the lower limit of normal (LLN),
or hemoglobin < 8.5 g/dl.

Study design. This was a placebo-controlled, double-blind, multicenter,
phase II study. The overall study design is illustrated in Figure 1. The sub-

jects were randomly allocated into 4 groups, the OCR 50, 200, or 500 mg
group, or the placebo group, in equal numbers and then given an infusion
of their assigned investigational product on Days | and 15. Methyl-
prednisolone 100 mg was given intravenously as premedication 30 min
before administration of each investigational product. The use of oral anti-
histamine and acetaminophen 30 to 60 min before administration of inves-
tigational product was also permitted. Patients who were withdrawn from
the double-blind period entered the safety followup period and were fol-
lowed for at least 48 weeks from the first infusion of investigational prod-
uct. This report includes the initial 24-week results.

All patients received uninterrupted stable dosages of MTX (6-8
mg/wk) and folate (= 5 mg/wk) from at least 4 weeks before the initiation
of study treatment to the end of the study period. Concomitant use of a sta-
ble dosage of oral corticosteroid (prednisolone equivalent dose < 10
mg/day) was permitted if the dosage was unchanged in the last 4 weeks
before the study, and the concomitant use of nonsteroidal antiinflammato-
ry drugs was also permitted if the dosage had not been changed within the
last 2 weeks. Concomitant use of biological or nonbiological DMARD
other than MTX was prohibited. The following rescue treatments were
allowed from Week 8 at the investigator’s discretion if control of disease
activity was judged inadequate: increased MTX up to 8 mg/week, use of
nonbiological DMARD, increase of oral corticosteroid, intraarticular
administration of corticosteroid, intraarticular administration of hyaluronic
acid preparation, and the use of 1 biological DMARD (excluding RTX).

Evaluation. Safety and efficacy were evaluated on Days | and 15, and
every 4 weeks thereafter from Week 4 to Week 24 in the double-blind treat-
ment period. During the safety followup period, safety and efficacy were
evaluated every 12 weeks. The primary efficacy endpoint was the ACR
20% (ACR20) response rate at Week 24!4. The ACR50 and ACR70
response rates and a reduction in the Disease Activity Score (DAS28-ESR)
values'> and European League Against Rheumatism (EULAR) response
rates!® over time up to Week 24 were calculated as secondary endpoints.
The percentage of patients achieving DAS28-ESR remission (DAS28-ESR
< 2.6) by Week 24 was investigated as exploratory analyses.

To evaluate safety, all adverse events (AE) that occurred during the
study were recorded; their severity was judged using the National Cancer
Institute (NCI) Common Toxicity Criteria (CTC) Version 3.0. Serious AE
(SAE) were defined using criteria from the International Conference on
Harmonization. Serious infections (SI), defined as SAE infections or infec-
tions requiring intravenous antibiotic injection, were tabulated. Human
anti-human antibody (HAHA) and serum immunoglobulin (IgG, IgM, and
IgA) concentrations were also measured. To evaluate pharmacokinetics,

Double blind treatment period }

[Placebo + MTX

[OCR 50mg + MTX

Week 24

Week 8

[OCR 200mg + MTX

Randomization

[OCR 500mg + MTX

l Ocrelizumab or placebo iv infusion

Rescue treatment?

If withdrawn from double
blind treatment period

b o o e e e o e

L

Safety follow up period |

Figure 1. The study design. fUse of additional treatments for RA was permitted after Week
8 if control of disease activity was inadequate, at the discretion of the investigators or sub-
investigators. OCR: ocrelizumab; MTX: methotrexate.
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OCR concentration in serum was measured, and the number of CD19-pos-
itive cells in peripheral blood was measured using flow cytometry.

Statistical analyses. The target sample size was calculated based on the
ACR20 response rate in the ACTION study. Using an allocation ratio of 1:2
(placebo vs combined OCR 200 and 500 mg groups), the ACR20 response
rate in the combined OCR group of 48.7% and the placebo group of 24.3%,
a 2-tailed significance level of 5%, and a power of 80%, the required
sample size was calculated by the chi-square test to be 46 patients per
group. Allowing for untreated patients, the target group size was set at 50
patients, giving a total target sample size of 200 patients. Calculation of the
sample size was performed using nQuery Advisor Version 5.0 (Statistical
Solutions Ltd., Farmer’s Cross, Ireland).

While our study was in progress, an increased incidence of SI, includ-
ing opportunistic infections, was reported in multinational clinical trials of
OCR that were being conducted at the same time. Based on these safety
reports, the enrollment of new patients and the administration of the inves-
tigational product in our study were halted, resulting in administration of
investigational product to only 151 patients. The double-blind period was
prematurely terminated in January 2010 and all patients entered a safety
followup period. )

The analysis of efficacy was performed using 145 patients (36 patients
in the placebo group, 37 in the OCR 50 mg, 36 in the OCR 200 mg, and 36
in the OCR 500 mg), excluding | patient in the placebo group, 2 in the
OCR 50 mg, and 3 in the OCR 200 mg group who did not receive the sec-
ond infusion of investigational product because the study was stopped. We
recalculated the statistical power and confirmed that it decreased from 80%
to 69% with the same assumptions except for the number of patients. The
analysis of safety was performed using 151 patients who received investi-
gational products at least once. Safety data were evaluated up to 24 weeks
from the first infusion of investigational product regardless of whether
patients completed the double-blind period.

The ACR20 response rate at Week 24 (primary endpoint) and
ACR350 and ACR70 response rates at Week 24 (secondary endpoints) in
each OCR group were compared with the placebo group using the

Cochran-Mantel-Haenszel test, accepting a 2-sided significance level of
5%. Based on the predefined analysis plan, descriptive statistics were cal-
culated for the remaining endpoints, but no intergroup comparisons were
performed. Adjusted mean changes in DAS28-ESR were based on the
analysis of covariance using the baseline value as a covariate.

Efficacy data obtained after the day of rescue treatment or after the day
when the decision to withdraw was made were handled as follows: cate-
gorical data (ACR responses, EULAR response rates, DAS28-ESR remis-
sion) were treated as “no response,” continuous data (DAS28-ESR) as
“missing data,” and the last observation was carried forward.

RESULTS

Baseline characteristics and patient distribution. The mean
RA disease duration of the patients in each group was
6.7-10.0 years. The patients had high RA disease activity
with a mean DAS28-ESR of 6.3-6.5, a mean serum CRP
level of 1.8-3.0 mg/dl, a mean ESR of 53.1-57.0 mm/h, and
functional disabilities shown by a mean J-HAQ of 1.3-1 4.
The mean MTX dosage was 7.3-7.6 mg/week. In each
group, 25.6%-38.9% of the patients had previously received
a biological DMARD (Table 1).

Including withdrawals because of the halt in administra-
tion of the investigational product, the patients who with-
drew from the study before Week 24 numbered 6 in the
placebo group, 10 in the OCR 50 mg, 11 in the OCR 200
mg, and 6 in the OCR 500 mg groups. The number of
patients who withdrew because of insufficient response was
3 in the placebo group and none in the OCR groups. The
proportion of patients receiving rescue treatments up to
Week 24 was 32.4% in the placebo group, but lower in the

Table I. Rheumatoid arthritis (RA) patient demographics and baseline disease characteristics (n = 151).

Placebo,n =37 OCR 50 mg,n =39 OCR 200 mg, n =39 OCR 500 mg,n =36

Age, mean (SD), yrs 550 (12.1)
No. female (%) 27 (73.0)
RA duration, mean (SD), yrs 89 (7.8)
Steinbrocker stage, I/IVIII/IV 5/8/9/15
Swollen joint counts (66 joints), mean (SD) 152 (6.1)
Tender joint counts (68 joints), mean (SD) 222 (11.6)
J-HAQ score, mean (SD) 1.4 (0.6)
CRP, mg/dl, mean (SD) 2727
ESR, mm/h, mean (SD) 53.1(29.0)
DAS28-ESR, mean (SD) 63 (0.9)
Anti-CCP antibody-positive, no. (%) 35(94.6)
RF-positive, no. (%) 37 (100)
Corticosteroid use, no. (%) 23 (62.2)
Corticosteroid dose, mg/day, mean (SD) 5422
MTX dose, mg/wk, mean (SD) 74(0.9)
Previous use of biologics, no. (%) 11 (29.7)
Anti-TNF agent 10 (27.0)
Tocilizumab 2(54)
Abatacept 0(0.0)

Previous nonbiological DMARD (except for MTX), mean (SD) 1.8(14)

543 (10.9) 53.1 (10.9) 53.4(103)
30 (76.9) 33 (84.6) 29 (80.6)
6.7 (7.1) 9.7 (8.1) 10.0 (93)

3/15/1011 3/10/4/22 6/6/13/11
182 (9.7) 15.6 (8.8) 174 (9.7

21.5(123) 198 (9.7) 19.0 (9.9)
1407 13 (0.6) 1307
2427 18 (1.5) 3.0(28)

57.0 (29.0) 540 (26.6) 547 (313)
6.5(0.8) 63 (0.8) 6.4(0.9)
34 (872) 37 (94.9) 32 (88.9)
39 (100) 39 (100) 36 (100)
23 (60.0) 28 (71.8) 18 (50.0)
5.1(28) 5222 63 24)
7.6 (0.8) 73 (1.0) 7.6 (0.8)
10 (25.6) 11 (282) 14 (38.9)
10 (25.6) 10 (25.6) 13 (36.1)

0(0.0) 1(2.6) 3(83)
0 (0.0) 1(26) 0(0.0)
14(1.0) 1.8 (1.6) 17(1.7)

OCR: ocrelizumab; RA: rheumatoid arthritis; TNF: tumor necrosis factor; DMARD: disease-modifying antirheumatic drug; J-HAQ: Japanese version of the
Health Assessment Questionnaire; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; DAS28: Disease Activity Score (28 joint count);

CCP: cyclic citrullinated protein; RF: rheumatoid factor; MTX: methotrexate.
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OCR groups: 12.8% in the OCR 50 mg, 7.7% in the OCR
200 mg, and 16.7% in the OCR 500 mg groups (Figure 2).

Safety. During the 24-week observation period, the inci-
dence of AE was 59.5% in the placebo group and 79.5% in
the OCR 50 mg, 79.5% in the OCR 200 mg, and 61.1% in
the OCR 500 mg groups (Table 2). The majority of AE were
infections and IRR. An IRR was defined as an AE occurring
during or within 24 hours after administration of investiga-
tional product.

The proportion of subjects experiencing at least | infec-
tion was 18.9% (7/37) in the placebo group and 37.7%
(43/114) in the OCR groups combined. There were no
patients with SI in the placebo group and 7 in the OCR
groups combined. There were 4 SI in 2 patients in the OCR
50 mg group, consisting of 1 incident each of herpes zoster,
pneumonia, sepsis, and septic shock. Six SI occurred in 4
patients in the OCR 200 mg group, 2 incidents of
Pneumocystis jirovecii pneumonia (PCP), and | each of sep-
sis, herpes simplex, bacterial pneumonia, and febrile neu-
tropenia. There was 1 SI (epididymitis) in 1 patient in the
OCR 500 mg group.

Two incidents of malignant tumors (uterine cancer and
ovarian cancer) in 1 patient in the OCR 500 mg group were
reported, which were diagnosed 153 days after the first infu-
sion of OCR. There were no intergroup differences in the
incidences of other AE.

There were 2 deaths during our study. One was a
61-year-old man who had concurrent depression and hyper-
tension, and a history of cerebral infarction and cerebral
hemorrhage. He developed pneumonia and sepsis 67 days
after administration of OCR 500 mg followed by septic
shock, disseminated intravascular coagulation, and multi-
organ failure and died the following day. The other death
was a 64-year-old man in the placebo group; he died of
acute respiratory failure after withdrawal from the study
because of insufficient response. No definitive diagnosis
was made and an autopsy was not performed.

The increase in incidences of IRR following the first
administration (Day 1) of investigational product was
dose-dependent: 0% in the placebo group and 15.4% in the
OCR 50 mg, 20.5% in the OCR 200 mg, and 25.0% in the
OCR 500 mg groups. Following the second administration
(Day 15) of investigational product, the incidence of IRR
was markedly decreased in all 3 OCR groups (Table 2,
Figure 3), 2.9% in the OCR 50 mg, 6.1% in the OCR 200
mg and 8.8% in the OCR 500 mg groups. All patients,
except for 1 in the OCR 500 mg group, who experienced an
IRR at the second administration also had an IRR at the first
administration. Of the 26 IRR, 4 were moderate (NCI CTC
Grade 2) and 22 were mild (NCI CTC Grade 1). One patient
in each of the OCR 200 mg and the OCR 500 mg groups
withdrew from the study because of IRR.

| 152 patients (pts) randomized |

1 OCR 50 mg patient withdrew prior to
treatment because of “dosing stopped®”.

[ 151 pts treated l

!

|

37

pts Placebo

36 pts OCR 500 mg

|1 39 pts OCR50 mg || 39 pts OCR 200 mg ||

12 pts rescue
therapy

5 pts rescue therapy
(1 withdrew after
rescue therapy)

3 pts rescue therapy

6 pts rescue therapy
(1 withdrew after
rescue therapy)

G pts withdrew!
>+ 1AE

» 3 poor response

« 2 dosing stopped®

a

10 pts withdrew:
= 2 AE
¢« 1 death

+ 5 dosing stopped®
1 refusal

« 1 protocol violation

11 pts withdrew:
>+ 5 AE
+ 6 dosing stopped®

6 pts withdrew:
-+ 3 AE
+ 3 dosing stopped”

Y.

31 pts completed
24 weeks

29 pts completed
24 weeks

28 pts completed
24 weeks

30 pts completed
24 weeks

Figure 2. Disposition of patients with RA at Week 24. *Dosing of investigational product was stopped, patients were withdrawn
from the study, and enroliment of new patients was halted because of the increased incidence of serious infections, including oppor-
tunistic infections, reported in other multinational clinical studies of ocrelizumab (OCR). AE: adverse event.
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Table 2. Summary of adverse events (AE) in the safety analysis population of patients with rheumatoid arthritis
(n = 151) during the 24-week observation period. Values are the number (%) of patients.

Placebo, OCR 50 mg, OCR 200 mg, OCR 500 mg,
n=37 n =39 n=39 n=36
Any AE 22 (59.5) 31(79.5) 31(79.5) 22 (61.1)
Serious AE 3@8.1) 2(5.1) 7(17.9) 5(13.9)
AE leading to withdrawal 12.7) 2(5.1) 5(12.8) 3(83)
Infection 7(18.9) 16 (41.0) 16 (41.0) 11 (30.6)
Serious infection — 2(5.1) 4(103) 1(2.8)
Infusion-related reactions 2(54) 6(154) 8(20.5) 10 (27.8)
Serious infusion-related reactions — — - 1(2.8)
All AEs affecting = 5% of patients
Pharyngitis 127 3(7.7) 1 (2.6) 1(2.8)
Nasopharyngitis 2(54) 1(2.6) 3(7.7) 0
Bronchitis 0 2(5.D) 3(7.7) 0
Upper respiratory tract infection 0 1(2.6) 2(5.1) 1(28)
Herpes zoster 0 2(5.D) 1(2.6) 1(2.8)
Cystitis 0 0 2(5.1) 1(2.8)
P. jirovecii pneumonia 0 0 2(5.1) 0
Infusion-related reaction 2(54) 6(154) 8(20.5) 10 (27.8)
Pyrexia 1(27) 2(5.1) 0 0
Hepatic function abnormal 127 2(5.1) 2(5.1) 4. (11.1)
Constipation 1.7 2(5.1) 1(2.6) 0
Stomatitis 2(54) 0 0 0
Upper abdominal pain 0 0 0 2(56)
Urticaria 0 2(5.1) 0 1(238)
Drug eruption 0 0 2(5.) 0
Headache 0 0 1(2.6) 3(8.3)
Conjunctivitis 0 2(5.1) 0 0

OCR: ocrelizumab.
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Figure 3. Incidence of infusion-related reactions at Days 1 and 15. Patient numbers shown here represent
patients in each group at Days 1 and 15. OCR: ocrelizumab.
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No placebo group patients became HAHA-positive during
the study, but 2 patients in the OCR 50 mg group and | each
in the OCR 200 mg and OCR 500 mg groups were
HAHA-positive. An IRR occurred in | of the 4 patients who
became HAHA-positive; this patient developed the IRR at
the first administration prior to the expression of HAHA. No
serious AE occurred in any HAHA-positive patient. Two of
the 4 HAHA-positive patients achieved ACR20 at Week 24,
and 1 achieved ACR70. A comparison of HAHA-positive
and HAHA-negative patients showed no consistent differ-
ence in serum OCR concentration during the study period.
The presence of HAHA did not appear to influence either
efficacy or safety outcomes.

Efficacy. The ACR20 response rates at Week 24, the primary
endpoint, in the OCR groups were significantly higher than
the 25.0% of the placebo group [OCR 50 mg: 54.1% (p =
0.0080), OCR 200 mg: 55.6% (p = 0.0056), OCR 500 mg:
47.2% (p = 0.044)]. The ACRS50 responses at Week 24 were
16.7% for the placebo group, 37.8% for the OCR 50 mg,
38.9% for the OCR 200 mg, and 30.6% for the OCR 500 mg
groups. The ACRS0 response rates in the OCR 50 mg and
OCR 200 mg groups were significantly higher than those in
the placebo group (p = 0.038, p = 0.031, respectively). The
ACR20, ACR50, and ACR70 response rates over time are
shown in Figure 4 A-C. The adjusted means (= SE) of the
ADAS28-ESR, the good responses rates using the EULAR
response criteria, and the DAS28-ESR clinical remission
rates (DAS28-ESR < 2.6) of the OCR groups at Week 24
were better than those of the placebo groups (Figure 4D, 4E).

Pharmacodynamics. Although the number of CD19-positive
cells increased transiently in the placebo group following
intravenous administration of methylprednisolone as pre-
medication on Days | and 15, the number remained stable
through Week 24. In all 3 OCR-treated groups, the number
of CD19-positive cells in peripheral blood decreased rapid-
ly after the first administration of OCR; that effect was
maintained throughout the 24-week study period (Figure 5).
The proportion of patients in whom the number of
CD19-positive cells had recovered to at least LLN (80
cells/ul) or the baseline value, whichever was lower, by
Week 24 was 80.6% in the placebo group and 6.9% in the
OCR 50 mg, 3.4% in the OCR 200 mg, and 0% in the OCR
500 mg groups.

DISCUSSION
Our double-blind placebo-controlled study demonstrated the
safety profile of OCR in Japanese patients with RA. The
OCR clinical development program in patients with RA was
terminated because the risk of SI outweighed the clinical
benefits observed in patients with RA, based on the data
from our trialand multinational clinical trials of OCR.

In our study, the majority of AE were IRR and infections,
and the incidence of IRR was consistent with results report-
ed for anti-CD20 antibodies’-®12. Characteristic IRR symp-

toms in the OCR group were hypertension in 7 patients
(6.1%), headache in 5 (4.4%), pyrexia in 4 (3.5%), and pru-
ritus in 4 (3.5%); these results did not differ from previous
studies of OCR or RTX.

By Week 24, SI had occurred only in the OCR group. In
the OCR groups combined, the 7 patients who developed SI
and the 107 patients who did not develop SI had compara-
ble baseline white blood cell (WBC), neutrophil, and lym-
phocyte counts and immunoglobulin (IgG, IgM, and IgA)
levels. The WBC, neutrophil, and immunoglobulin levels
did not fall below LLN [WBC < 3900/ul; neutrophils <
1500/ul; 1gG < 870 mg/dl; 1gM < 33 mg/dl (males), < 46
mg/dl (females); IgA < 10 mg/dl] in any of the 7 patients
with SI during our study, but the lymphocyte count did fall
below 500/p! during the study period in 2 patients with SI.
In the OCR groups combined, 2 of the 9 patients (22%)
whose lymphocyte counts fell below 500/u1 developed SI,
while 5 of the 105 patients (4.8%) with lymphocyte count >
500/u! developed SI. Among the SI, PCP occurred in 2
patients in the OCR 200 mg group. At the onset of PCP, both
patients exhibited pyrexia, hypoxemia, pulmonary ground-
glass opacity, and increased serum B-D-glucan levels, and 1
patient was positive on the polymerase chain reaction test
for P. jirovecii. Both patients recovered with methylpred-
nisolone pulse therapy and trimethoprim-sulfamethoxazole.
Advanced age, concurrent lung disease, and concomitant
corticosteroid use have been reported as risk factors for bac-
terial pneumonia or SI including PCP during treatment of
Japanese RA patients with tumor necrosis factor (TNF)
inhibitors! 718192021 "1n our study, 6 of the 7 patients with
SI were using prednisolone concomitantly, but only 3 of the
7 patients with SI were over 60 years of age (3 were in their
40s and 1 in her 20s) and none had concurrent lung disease.
Similarly, both patients who developed PCP in our study
were taking 7.5 mg/day oral prednisolone, but both were 42
years old and did not have concurrent lung disease. Further,
their lymphocyte counts at onset of PCP were decreased to
651 and 890/u1, respectively. These results suggest that risk
factors for SI, including PCP, during OCR treatment may
differ from those during treatment with TNF inhibitors.

Although there were differences of sample size, patient
background, and observation period, the incidence of SI in
our study (6.1%) was comparable to the results of other
Japanese clinical trials of biologic agents: 7.6% in a 52-week
study of tocilizumab in patients with inadequate response to
DMARD (SAMURALI study)zz; 3.3% in a 24-week study of
tocilizumab in patients with inadequate response to MTX
(SATORD?; 52% in a 54-week study of infliximab in
patients with inadequate response to MTX (RISING)%*; and
49% in a 24-week study of adalimumab in patients with
inadequate response to DMARD (CHANGE)?. PCP was
observed in 2 patients (1.75%) in our study, but in the
SAMURALI, SATORI, and CHANGE studies, no PCP was
observed. Further, the incidence of PCP in our study was
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higher than those in the Japanese postmarketing surveillance
data of biologic agents (tocilizumab, infliximab, and etaner-
cept), that is, 0.2% to 0.4%!7-18:19:26_These results suggest
that treatment with OCR in Japanese patients with RA may
have higher risk for PCP than treatment with the other bio-
logic agents. :

A possible association of efficacy with B cell depletion
was reported in patients with RA treated with OCR in the
ACTION study'?, which ascertained that B cell depletion
was maintained until Week 24 in groups that received = 200
mg OCR, but was not maintained in groups with lower
dosages. Significant improvements of signs and symptoms
of RA shown by relatively stringent response criteria,
including ACR70 response, DAS28-ESR clinical remission,
and EULAR good response, were also obtained only in
groups that received = 200 mg OCR!2. The clinical response
to RTX has been reported to be determined by the level of B
cell depletion rather than by the dose of the drug?’. In our
study, the percentages of patients with peripheral blood B
cell count at Week 24 that was above LLN or baseline val-
ues were 6.9%, 3.4%, and 0% in the OCR 50, 200, and 500
mg groups, respectively. The OCR 200 mg group showed
higher clinical responses than the other 2 OCR groups in
every efficacy criterion used in our study. In addition, the
peripheral B cell count recovered to at least the LLN (80
cells/ul) or the baseline value in 4 patients in the OCR

groups combined, but these patients showed sustained effi-
cacy through Week 24. It is difficult to draw firm conclu-
sions because of the small number of patients with B cell
recovery and the limited study period (24 weeks), but these
results suggest that peripheral B cell count alone may not
account for maintenance of efficacy in patients with RA
treated with OCR.

As a limitation of our study, we note the dosage of MTX.
The mean MTX dosage in each group was 7.3-7.6
mg/week, which was lower compared to clinical trials of
OCR for RA conducted in some Western countries. The
approved maximum dose of MTX was 8 mg/week in Japan
when this trial was implemented and we had to design the
trial under this restriction. This should be taken into account
when interpreting our results.

Serious infections, including PCP, occurred only in the
combined OCR groups in our study, possibly indicating an
elevated risk for SI from OCR use in Japanese patients with
RA. Treatment with OCR resulted in better clinical respons-
es than treatment with the placebo in Japanese RA patients
with an inadequate response to MTX, about 30% of whom
had been previously treated with a biological DMARD.
Although we should take into account the small sample size
and the premature termination of the study, these results
would suggest an inappropriate benefit-risk balance for
OCR in this patient population. Because of the lack of
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approval for RTX for RA in Japan and the recommended use
of the drug for patients with RA who have failed TNF
inhibitor therapy in Western countries, it will be necessary
to investigate the safety and efficacy of other anti-B cell
therapies in Japanese patients with RA.
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Abstract

Systemic lupus erythematosus (SLE) is an autoimmune disease that causes multiple organ damage. Although recent
genome-wide association studies (GWAS) have contributed to discovery of SLE susceptibility genes, few studies has been
performed in Asian populations. Here, we report a GWAS for SLE examining 891 SLE cases and 3,384 controls and multi-
stage replication studies examining 1,387 SLE cases and 28,564 controls in Japanese subjects. Considering that expression
quantitative trait loci (eQTLs) have been implicated in genetic risks for autoimmune diseases, we integrated an eQTL study
into the results of the GWAS. We observed enrichments of cis-eQTL positive loci among the known SLE susceptibility loci
(30.8%) compared to the genome-wide SNPs (6.9%). In addition, we identified a novel association of a variant in the AF4/
FMR2 family, member 1 (AFF1) gene at 421 with SLE susceptibility (rs340630; P=8.3x10"%, odds ratio = 1.21). The risk A
allele of rs340630 demonstrated a cis-eQTL effect on the AFF1 transcript with enhanced expression levels (P<<0.05). As AFF1
transcripts were prominently expressed in CD4* and CD19" peripheral blood lymphocytes, up-regulation of AFF1 may cause
the abnormality in these lymphocytes, leading to disease onset.
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Author Summary

Although recent genome-wide association study (GWAS)
approaches have successfully contributed to disease gene
discovery, many susceptibility loci are known to be still
uncaptured due to strict significance threshold for multiple
hypothesis testing. Therefore, prioritization of GWAS
results by incorporating additional information is recom-
mended. Systemic lupus erythematosus (SLE) is an
autoimmune disease that causes multiple organ damage.
Considering that abnormalities in B cell activity play
essential roles in SLE, prioritization based on an expression
quantitative trait loci (eQTLs) study for B cells would be a
promising approach. In this study, we report a GWAS and
multi-stage replication studies for SLE examining 2,278 SLE
cases and 31,948 controls in Japanese subjects. We
integrated eQTL study into the results of the GWAS and
identified AFF1 as a novel SLE susceptibility loci. We also
confirmed cis-regulatory effect of the locus on the AFF1
transcript. Our study would be one of the initial successes
for detecting novel genetic locus using the eQTL study,
and it should contribute to our understanding of the
genetic loci being uncaptured by standard GWAS
approaches.

Introduction

Systemic lupus erythematosus (SLE) is an autoimmune discase
characterized by autoantibody production, complement activa-
tion, and multi-organ damage [1]. Familial aggregation demon-
strates that both genetic and environmental factors play a role in
pathogenesis of SLE [2]. Genetic studies using candidate gene-
approaches, and recently, genome-wide association studies
(GWAS), have uncovered more than 25 SLE susceptibility genes,
including HLA-DRBI, IRF5, STAT4, ITGAM, BLK, TNFAIF3, and
others [3-18]. However, most of these studies were conducted in
European populations [3-13,15,17], and few studies have been
conducted in Asian populations [14,16,18]. Since the epidemiol-
ogy of SLE has demonstrated that the prevalence of disease
substantially differs among populations, genetic backgrounds of
SLE should be also heterogencous across populations [19,20].
Therefore, additional studies in Asians might provide novel
insights. It is of note that GWAS for SLE in Chinese populations
identified novel loci that had not been detected in Europeans, such
as ETSI, IKZFI, and WDFY4 [14,16].

Another issue raised by the previous GWASs for complex
diseases is that many susceptibility loci still remained uncaptured,
owing to its strict significance threshold for multiple hypothesis
testing [21]. In SLE, for example, the 26 risk loci identified by the
previous GWAS explained only an estimated 8% of the total
genetic susceptibility to the disease [15]. Therefore, it is still
important to examine the sub-loci of GWAS, in order to reveal the
entire picture of genetic etiology. To effectively explore these
uncaptured loci, prioritization of GWAS results by incorporating
additional information implicated in the disease pathophysiology is
recommended [22,23]. Considering that abnormalities in B cell
activity play essential roles in SLE [l] and that expression
quantitative trait loci (eQTL) have been implicated to comprise
approximately a half of genetic risks for autoimmune diseases [24],
prioritization based on an eQTL study for B cells would be a
promising approach for SLE [25]. Moreover, an eQTL itself
assures the presence of functional variant(s) that regulate gene
expression. Thus, eQTL increases the prior probability of the
presence of disease-causal variant(s) in the locus more effectively
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and unbiasedly, compared to other knowledge-based prioritiza-
tions such as gene pathway analysis [24].

Here, we report a GWAS and multi-stage replication studies for
SLE examining 2,278 SLE cases and 31,948 controls in Japanese
subjects. We integrated eQTL study into the results of the GWAS,
which effectively enabled to detect a novel SLE susceptibility locus.

Results

GWAS for SLE

In the GWAS, 891 SLE cases and 3,384 controls in Japanese
subjects were genotyped over 550,000 single nucleotide polymor-
phism (SNP) markers (Table S1, S2 and Figure 1). We applied
stringent quality control (QC) criteria and evaluated associations of
430,797 autosomal SNPs, as previously described [26]. No
substantial population stratification was demonstrated through
principal component analysis (Figure S1) or a Quantile-Quantile
plot of P-values (inflation factor, Agc,=1.088, Figure $2),
suggesting homogenous ancestries of our study population [27].

We identified significant associations in six chromosomal
loci that satisfied the genome-wide significance threshold of
P<5.0x107" (Table 1 and Figure 2A). These loci have been
reported to be associated with SLE susceptibility (STATY,
TNFAIP3, HIPI, BLK, ETSI, and the HLA region) [3-18]. We
also observed significant replications in 17 of the previously
reported SLE susceptibility loci [3-18] (x=0.01; Table 2). Of
these, significant replications were enriched in the loci identified
through the studies in Asian populations (80%; 8 of the 10 loci),
including RASGRP3, IKZFI, HIPI, WDFY4, intergenic region at
11q23, ETSI, SLC1544, ELF], and HIC2-UBE2L3 [14,16,18],
compared to those in European populations (56.3%; 9 of the 16
loci) [3-13,15,17].

Incorporation of eQTL study into GWAS results

For the selection of SNPs incorporated in the replication studies
of the potential association signals, we evaluated cis-eQTL effects
of the SNPs using publically available gene expression data [28],
and prioritized the results of the GWAS. After applying QC
criteria, we evaluated the expression levels of 19,047 probes
assayed in lymphoblastoid B cell lines from Phase II HapMap
East-Asian individuals [29] using [llumina’s human whole-genome
expression array (WG-6 version 1) [28]. For each of the SNPs
included in our GWAS, probes located within =300 kbp regions
were focused on as cis-eQTLs (average 4.93 probes per SNP). We
denoted the SNPs which exhibited significant associations with
expression levels of any of the corresponding cis-eQTLs as eQTL
positive (false discovery rate (FDR) Q-values<<0.2). We observed
enrichments of eQTL positive loci among the SLE susceptibility
loci (30.8%; 8 of the 26 evaluated loci) including a well-known
eQTL gene of BLK [11,25] (Table 2), compared to the genome-
wide SNPs (6.9%) and compared even to the SNPs in the vicinity
of expressed loci (among the SNPs located within =10 kbp of
probes used for the expression analysis, 13.1% were eQTL
positive; Table S3).

By prioritizing the results of the GWAS using the eQTL study,
we selected 57 SNPs from 1,207 SNPs that satisfied P<1.0x10°
in the GWAS. We subsequently referred the associations of the
selected SNPs using the results of the concurrent genome-wide
scan for SLE in an independent Japanese population (Tahira T
et al. Presented at the 59th Annual Meeting of the American
Society of Human Genetics, October 21, 2009). In the scan, 447
SLE cases and 680 controls of Japanese origin were evaluated
using a pooled DNA approach [30]. We selected SNPs if any
association signals were observed in the neighboring SNPs of the
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430,797 SNPs
891 SLE cases vs 3,384 controls
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By using the results of eQTL study
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In-silico SNP selection 2
By using the genome-wide scan data for SLE

8 SNPs

Replication study 1
562 SLE cases vs 653 controls
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Replication study 2
825 SLE cases vs 27,911 controls

Figure 1. Design of the GWAS and multi-stage replication
studies for SLE in Japanese subjects. A total of 2,278 SLE cases and
31,948 controls were enrolled. The clinical characteristics of the subjects
are summarized in Table 51 and S2. Details of the genome-wide scan
data for SLE referenced in the in silico SNP selection 2 are described
elsewhere (Tahira T et al. Presented at the 59th Annual Meeting of the
American Society of Human Genetics, October 21, 2009).
doi:10.1371/journal.pgen.1002455.g001

pooled analysis. As a result, 8 SNPs remained for further
investigation (Table S4).

Replication studies and identification of AFF1

Then, we performed two-stage replication studies using
independent SLE cohorts for Japanese subjects (cohort 1 with
562 SLE cases and 653 controls, and cohort 2 with 825 SLE cases
and 27,911 controls). First, we evaluated the selected 8 SNPs in the
replication study 1. In the replication study 2, 2 SNPs that satisfied
P<1.0x107% in the combined study of GWAS and replication

@ PLoS Genetics | www.plosgenetics.org

Association of AFF1 with SLE

study 1 were further evaluated (Figure 1). Among the evaluated
SNPs, we observed significant replications in the SNP located in
the genomic region of the AF4/FMR2 family, member 1 gene
(AFFI) at 4921 (rs340630; P=4.6x10"° and P=0.0094 in the two
individual cohorts, respectively; Table 3, Table S5, and Figure 2B).
The combined study for the GWAS (P=1.5x10"" and the
replication  studies  demonstrated  significant  associations  of
rs340630 that satisfied the genome-wide significance threshold
(P=8.3x10"7, OR=1.21, 95% CI 1.14-2.30).

Cis-eQTL effect of rs340630 on AFF1 transcripts

Since the landmark SNP in the AFFI locus, rs340630, was
prioritized through the eQTL study as an eQTL positive SNP
(Table 3), we further validated its cis-eQ'T'L effect using Epstein-
Barr virus (EBV)-transfected B cell lines established from Japanese
individuals (Pharma SNP Consortium (PSC) cells, n=62). The
correlation between rs340630 genotypes and the expression levels
of AFFI was significant in the PSC cells stimulated with phorbol
myristate acctate (PNA) (R®=0.074, P=0.033; Figure 3A). The
expression levels increased with the number of SLE-risk (A) alleles.
To further confirm this cis-regulatory effect, we performed allele-
specific transcript quantification (ASTQ) of AFFI. The transcript
levels of each allele were quantified by qgPCR using an allele
specific probe for a SNP in the 5'-untranslated region (rs340638),
which was in absolute LD with rs340630 (*=1.0, D' =1.0). We
examined PSC-cells (n=17) that were heterozygous for both
rs340630 and rs340638. The mean ratio of each transcript (A over
G allele; the A allele comprises a haplotype with the risk (A) allele
of 1s340630) were significantly increased to 1.07 compared to the
ratio of the amount of DNA (1.00, P=0.012) (Figure 3B). These
results suggest that rs340630, or SNP(s) in LD with it, are a
regulatory variant predisposing SLE susceptibility through in-
creased expression levels of AFFI.

Expression of AFF1 in CD4" and CD19" peripheral blood
lymphocytes

AFFI is known to be involved in cytogenetic translocations of
acute lymphoblastic leukemia (ALL) [31]. Its fusion protein with
the mixed-lineage leukemia gene (MLL) is implicated in the
regulation of transeription and the cell cycle of lymphocytes [31].
To investigate the expression pattern of AFF/ in normal tissues, we
evaluated the transeript levels of AFFI in a panel of various tissues.
We observed prominent expression of AFFI in CD4" and CD19*
peripheral blood lymphocytes, implying an important role for
AFFI in helper-T-cells and B-cells (Figure 3C).

Discussion

Through a GWAS and multi-staged replication studies
consisting of 2,278 SLE cases and 31,948 controls in Japanese
subjects, our study identified that the AFFI locus was significantly
associated with SLE susceptibility.

As well as the identification of the novel SLE susceptibility
locus, we observed significant replications of associations in the
previously reported susceptibility loci. The replications were
especially enriched in the loci identified through the studies in
Asian populations, compared to those in European populations.
Considering the ethnical heterogeneities in the epidemiology of
SLE [19,20], these observations suggest the similarities in the
genetic backgrounds of SLE shared within Asian populations,
and also the existence of the both common and divergent
genetic backgrounds encompassed between European and Asian
populations.
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Table 1. Results of a genome-wide association study for Japanese patients with SLE.

rsiD® Chr Position (bp) Cytoband Gene Allele®  No. subjects Allele 1 freq. OR (95%Cl) P
1/2 Case Control Case Control

rs10168266 2 191,644,049 2q32 STAT4 T/C 891 3,384 0.37 0.27 1.59 (1.42-1.78) 27%107"8
rs9501626 6 32,508,322 6p21 HLA region A/C 891 3381 0.20 012 1.86 (1.62-2.13) 1.0x107'®
rs2230926 6 138,237,759 6q23 TNFAIP3 G/T 891 3,377 0n 0.069 1.75 (1.47-2.08) 1.9x10 '°
rs6964720 7 75,018,280 7911 HIP1 G/A 891 3,384 0.25 0.19 143 (1.27-1.63) 13x1078
rs2254546 8 11,381,089 8p23 BLK G/A 891 3,384 0.78 0.72 142 (1.61-1.25) 41x10°8
rs6590330 n 127,816,269 11924 ETST A/IG 891 3,368 0.48 039 1.44 (1.30-1.60) 1.3x107"

3SNPs that satisfied the threshold of P<5.0x10 ® were indicated.
“Based on forward strand of NCBI Build 26.3.

SLE, systemic lupus erythematosus; OR, odds ratio.
doi:10.1371/journal.pgen.1002455.t001

To effectively detect the novel SLE susceptibility locus, we
integrated cis-eQ'T'L effects of the SNPs and prioritized the results
of the GWAS. In addition to identifying a novel locus for SLE-
susceptibility, our study demonstrated approximately 30% of
confirmed SLE-susceptibility loci were comprised of cis-eQTLs.
We also confirmed cis-regulatory effect of the landmark SNP in
the AFFI locus, rs340630, on AFFI transcripts, which had been
prioritized through the eQTL study. These results would suggest
that accumulation of quantitative changes in gene expression
would accelerate the disease onset of SLE. It would also
demonstrate the validity of applying eQTL study in the search
of the susceptible genes for SLE or other autoimmune diseases, as
previously suggested in the study for ccliac disease [24]. To our
knowledge, this is one of the initial studies to successfully discover a
new locus by prioritizing GWAS results using eQ'T'Ls, and should
contribute to the approaches assessing genetic loci still being
uncaptured by recent large-scaled GWASs due to stringent
significance threshold for multiple hypothesis testing [21].

We observed prominent expression levels of AFF! in CD4" and
CD19" peripheral blood lymphocytes, which would imply an
important role for AFFI in helper-T-cells and B-cells. In fact, AFF/
is essential for normal lymphocyte development, as demonstrated
in mice deficient for AFFI; severe reduction were observed in the
thymic double positive CD4/CD8 population and the bone
marrow pre-B and mature B-cell numbers [32]. The risk A allele
of rs340630 demonstrated a cis-eQTL effect on the AFFI
transcript with enhanced expression levels. As the AFFI locus
was also demonstrated as an eQQTL in primary liver cells [33], the
cis-regulatory effect may hold in primary cells as well as
lymphoblastoid cells used in the present study. However, because
the mechanism of transcriptional regulation is substantially
different among cell types [34], cell-type specific analyses including
those for primary T-cells and B-cells are needed for understanding
the precise role of AFFI variant in primary lymphocytes. Although
further functional investigation is necessary, our observation
suggested that AFFT is involved in the etiology of SLE through
the regulation of development and activity of lymphocytes. It is of
note that AFF3, which also belongs to the AF4/FMR2 family, is
associated with susceptibility to autoimmune diseases [35].

One of our study’s limitations is the selection of SNPs for the
replication study using the results of the pooled DNA approach
[30], which used a different genotyping platform from that of the
present GWAS. Morcover, the association signals based on
Silhouette scores in pooled analysis would be less reliable
compared to those based on individual genotyping. Since direct
comparisons of the association signals of the same single SNPs
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between the studies would be difficult due to these issues, we
adopted the complementary approach that referred the association
signals of the multiple SNPs in the pooled analysis for each of the
single SNPs in the GWAS, taking account of LD and physical
distances between the SNPs. However, there would exist a
possibility that the variant(s) truly associated with SLE was left
not to be examined in the replication study. It should be noted that
only 1 SNP among the 8 selected SNPs yielded the significant
association with SLE, although further enrichments of the
significant  associations might be anticipated. To elucidate
effectiveness and limitation of our approach, further assessments
of the studies on the remaining loci would be desirable. It should
also be noted that the control-case ratio of the subjects were
relatively high in the replication study 2 (=33.8), and this
disproportionate ratio could have induced potential bias on the
results of the association analysis of the SNPs. However,
considering the homogeneous ancestries of the Japanese popula-
tion [27] and that principal component analysis did not
demonstrate significant population stratification in the control
subjects of the replication study 2 (data not shown), the bias owing
to population stratification might not be substantial.

In summary, through a GWAS and multi-staged replication
studies in a Japanese population integrating ¢QTL study, our
study identified AFF] as a novel susceptibility locus for SLE.

Materials and Methods

Subjects

We enrolled 2,278 systemic lupus erythematosus (SLE) cases
and 31,948 controls. SLE cases enrolled in the genome-wide
association study (GWAS) (n=891) or part of the 2nd replication
study (n=83) were collected from 12 medical institutes in Japan
under the support of the autoimmune discase study group of
Research in Intractable Diseases, Japanese Ministry of Health,
Labor and Welfare: Hokkaido University Graduate School of
Medicine, Tohoku University Graduate School of Medicine, the
University of Tokyo, Keio University School of Medicine,
Juntendo University School of Medicine, University of Occupa-
tional and Environmental Health, University of Tsukuba, Tokyo
Medical and Dental University, National Center for Global
Health and Medicine, Nagasaki University, Wakayama Medical
University, and Jichi Medical University. SLE cases (n=562) and
controls (n=653) enrolled in the Ist replication study were
collected from Kyushu University. Some of the SLE cases
(n=742) and controls (n=27,911) enrolled in the 2nd replication
study were collected from Kyoto University, Tokyo Women’s
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