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Patients With Rheumatoid Arthritis

Biomarkers Identified by Analysis of Gene Expression in
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Objective. The aim of this prospective multicenter
study was to identify biomarkers that can be used to
predict therapeutic responses to tocilizumab in patients
with rheumatoid arthritis (RA).

Methods. We recruited patients with RA who were
treated with tocilizumab for the first time, and deter-
mined therapeutic responses at 6 months. In the train-
ing cohort (n = 40), gene expression in peripheral blood
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mononuclear cells (PBMCs) at baseline was analyzed
using genome-wide DNA microarray, with 41,000 probes
derived from 19,416 genes. In the validation cohort (n =
20), expression levels of the candidate genes in PBMCs
at baseline were determined using real-time quantita-
tive polymerase chain reaction (qPCR) analysis.

Results. We identified 68 DNA microarray probes
that showed significant differences in signal intensity
between nonresponders and responders in the training
cohort. Nineteen putative genes were selected, and a
significant correlation between the DNA microarray
signal intensity and the qPCR relative expression was
confirmed in 15 genes. In the validation cohort, a
significant difference in relative expression between
nonresponders and responders was reproduced for 3
type I interferon response genes (IF16, MX2, and OASL)
and MT1G. Receiver operating characteristic curve ana-
lysis of models incorporating these genes showed that
the maximum area under the curve was 0.947 in pre-
dicting a moderate or good response to tocilizumab in
the validation cohort.

Conclusion. Using genome-wide DNA microarray
analyses, we identified candidate biomarkers that can
be used to predict therapeutic responses to tocilizumab
in patients with RA. These findings suggest that type I
interferon signaling and metallothioneins are involved
in the pathophysiology of RA.

Rheumatoid arthritis (RA) is a chronic inflam-
matory disease characterized by joint swelling, joint
tenderness, and destruction of synovial joints, which
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cause disability and premature mortality (1,2). Accumu-
lating evidence supports the notion that immune cells,
including T cells, B cells, dendritic cells, and the macro-
phages and proinflammatory cytokines produced by
these cells (such as tumor necrosis factor « [TNFa] and
interleukin-6 [IL-6]), play essential roles in the patho-
genesis of RA (3-5). In fact, treatment with biologic
antirheumatic drugs, which specifically inhibits these
cytokines or cellular interactions, has substantially im-
proved clinical, structural, and functional outcomes of
RA (2,4,6). However, treatment with a biologic agent is
not universally efficacious in all patients, reflecting the
heterogeneous molecular and cellular mechanisms un-
derlying the pathophysiology of RA (4,5).

Considering the cost and the risk of infection,
biologic agents should be prescribed only to patients in
whom therapeutic responses to the drug are likely to be
achieved. However, studies that assessed the predictive
values of clinical and laboratory information for thera-
peutic responses to TNF antagonists have yielded nei-
ther consistent results nor clinically applicable strategies.
Although some genetic factors have been identified as
potentially predictive markers of therapeutic responses
to TNF antagonists, a meta-analysis and data from a
large registry showed no association between therapeu-
tic response to TNF antagonists and TNF-308 polymor-
phisms (7) or shared epitope motifs (8), the genetic
markers that have been considered the most promising
candidates. These data suggest that clinical information
and genetic markers may not be accurate predictors of
responses to treatment with biologic agents.

DNA microarray analysis enables assessment of
expression of messenger RNA (mRNA) for multiple
genes in the target cells or tissues. Previous studies
showed that mRNA expression analyses of a set of genes
using microarray techniques predicted clinical responses
to infliximab (9~12) or rituximab (13) in RA patients.
These data indicate that DNA microarray is a powerful
tool that can be used to identify genes that may be
biomarkers for the prediction of clinical responses to
certain antirheumatic treatments in RA patients.

Tocilizamab (TCZ) is a humanized anti-IL-6
receptor (anti-IL-6R) monoclonal antibody that inhibits
IL-6 signaling by blocking the binding of IL-6 to IL-6R.
Although the overall rate of response to TCZ in RA
patients is high (14~16), the improvement of synovitis in
these patients is frequently slow to become clinically
apparent as compared with improvement seen in pa-
tients treated with TNF antagonists. Therefore, it can
take months to determine whether TCZ treatment has
lacked effectiveness, thereby possibly exposing patients

SANAYAMA ET AL

to unnecessary risks, including damage progression and
side effects, at a disproportionate cost. Thus, predicting
therapeutic responses can be particularly beneficial for
TCZ, but such methods of prediction, with sufficient
accuracy, have not been established yet. This prospective
multicenter study aimed to identify biomarkers that can
be used to predict therapeutic responses to TCZ in
patients with RA. We used genome-wide DNA microar-
ray to analyze comprehensive gene expression in peri-
pheral blood mononuclear cells (PBMCs).

PATIENTS AND METHODS

Patients and healthy subjects. Patients who fulfilled
the American College of Rheumatology (ACR) 1987 revised
criteria for the classification of RA (17) and who received
treatment with TCZ for the first time at a participating hospital
(Chiba University Hospital, Asahi General Hospital, Matsudo
City Hospital, Chibaken Saiseikai Narashino Hospital, Na-
tional Hospital Organization Chiba-East Hospital, National
Hospital Organization Shimoshizu Hospital, or Narita Red
Cross Hospital) were consecutively recruited. Forty patients
were recruited for the training cohort for identification of
candidate genes, and another 20 patients were recruited for the
validation cohort for confirming predictive values of these
genes. Patients received routine clinical care and underwent
clinical and laboratory assessment at baseline and at 3 and 6
months after initiation of TCZ treatment. Healthy subjects
who did not have any arthritis symptoms were also recruited as
controls. The study design was approved by the Ethics Com-
mittee of Chiba University, and written informed consent was
obtained in accordance with the Declaration of Helsinki.

Clinical and laboratory assessment. Clinical and lab-
oratory assessment included 28-joint counts for swelling and
tenderness, patient’s global assessment and physician’s global
assessment of disease activity on a visual analog scale (VAS),
Health Assessment Questionnaire Disability Index (18), eryth-
rocyte sedimentation rate (ESR), and C-reactive protein
(CRP) level. Rheumatoid factor and anti~cyclic citrullinated
protein antibody levels were investigated at baseline only.

Response to therapy with TCZ. Because IL-6 blockade
with TCZ substantially decreases markers of acute inflamma-
tion, such as ESR and serum CRP levels, regardless of
therapeutic response (19,20), response criteria that include
these markers, such as ACR or European League Against
Rheumatism (EULAR) response criteria, were not used in this
study. Instead, clinical responses to TCZ treatment were
determined primarily by physician’s global assessment (good/
moderate/no response) at 6 months. This assessment was
determined by consensus among the physicians (Yoshie
Sanayama, KI, SK, SF, DK, TU, YN, RM, TS, MS, or MH)
and an independent rheumatologist (Yoshie Sanayama or KI)
through a review of comprehensive clinical information. The
change in Clinical Disease Activity Index (CDAI) category
(high = >22, moderate = >10-22, low = >2.8-10, or
remission = =2.8) (21) at 6 months was also used to supple-
ment the physician’s global assessment.



BIOMARKERS PREDICTING THERAPEUTIC RESPONSES TO TOCILIZUMAB IN RA 1423

Table 1. Baseline characteristics of the patients in the training and validation cohorts*

Training cohort Validation cohort
Total Nonresponder Responder Total Nonresponder Responder
Baseline variable (n = 40)t (n=28) (n = 29) (n = 20) (n=15) (n = 15)
Age, mean = SD years 584152 543102 595 +16.8 60.9 9.9 61.6 + 11.1 60.7 = 9.8
Female, no. (%) 31(78) 5(63) 23 (79) 16 (80) 4 (80) 12 (80)

Disease duration, median 57.5 (18.3-173.8) 92 (25.3-188.8) 58 (13-171) 445 (19-120.8) 46 (43-359) 39 (17.5-94)
(IQR) months

Rheumatoid factor positive, 34 (85) 7(88) 25 (86) 18 (90) 4 (80) 14 (93)
no. (%)

ACPA positive, no. (%) 34 (85) 8 (100) 25 (86) 15 (75) 4 (80) 11 (73)

Antinuclear antibody 24 (60) 4 (50) 19 (66) ~ 8(40) 2 (40) 6 (40)
positive, no. (%)

Anti-SSA antibody positive, 6 (15) 0(0) 6(21) 5 (25) 1(20) 4(27)
no. (%)

Extraarticular manifestation 11 (28) 4 (50) 6 (21) 1(5) 00 1(7)

present, no (%)
Smoking history, no. (%)

Never smoked 28 (70) 6 (75) 20 (69) 16 (80) 5(100) 11 (73)
Ex-smoker 10 (25) 2(25) 7(24) 1(5) 0(0) 1(7)
Current smoker 2(5) 0(0) 2(7) 3(15) 0(0) 3(20)

Tender joint count, median 5(1-7.8) 5 (0.8-10.5) 5(1-7) 4(2-8.3) 4 (2-8) 4(1.5-7.5)
(IQR)

Swollen joint count, median 8.5 (4-11) 7(3.5-9.3) 9(5-12) 8(2-9.5) 2(1-3) 8 (2.5-10)
(IQR)

CDALI, median (IQR) 24.2(20.3-31.23)  25.25(19.8-28.8)  24.9(20.5-31.9)  21.4(14.95-25)  19.5(13-21.8) 22.6 (15.85-25)

ESR, median (IQR) mm/ 44 (30.3-68.8) 47.5 (28.5-79.8) 44 (32-67) 52 (36-67) 45(37-61)  55.5(37.8-70.8)
hour

CRP, median (IQR) mg/dl 2.355(0.75-4.1)  2.375(1.528-5.11)  2.41(0.79-4.1)  1.025 (0.415-2.585) 0.99 (0.9-1.05) 1.52(0.38-3.275)

DAS28 score based on 5.35 (4.475-6.033) 5.365 (4.145-6.388) 5.34 (4.595-5.975) 5.09 (4.41-5.47) 473 (4.44-5.33) 5.21 (4.46-5.485)
ESR, median (IQR)

MMP-3 level, median 199.5 (121.5-323.75) 233.5(121.3-358.0) 196 (124-320) 224 (125-328.5)  138(133-245.8) 239 (134-364.5)
(IQR) ng/ml

Dosage of MTX, median 8 (0-10.5) 6 (4.5-7.6) 8 (0-12.5) 6.8 (3-13) 10 (6-12) 6 (0-14)
(IQR) mg/week

Dosage of prednisolone, 3.9 (0-5) 5.5 (2.8-6.8) 3 (0-5) 1 (0-5) 0(0-2.5) 1 (0-5)

median (IQR) mg/day
Treatment with TNF
antagonists, no. (%)

Never 15 (38) 3(38) 12 (41) 7(35) 2 (40) 5(33)
Previous 3(8) 1(13) 2(7) 4(20) 1(20) 3(20)
Current 22 (55) 4 (50) 15 (52) 9 (45) 2 (40) 7 (47)

* There were no statistically significant differences between responders and nonresponders in either the training cohort or the validation cohort.
IQR = interquartile range; ACPA = anti—citrullinated protein antibody; CDAI = Clinical Disease Activity Index; ESR = erythrocyte sedimentation
rate; CRP = C-reactive protein; DAS28 = Disease Activity Score in 28 joints; MMP-3 = matrix metalloproteinase 3; MTX = methotrexate; TNF =
tumor necrosis factor.
+ Three patients were not classified as responder or nonresponder because tocilizumab treatment was discontinued before they had received 3
months of treatment.

DNA microarray analysis. At baseline, PBMCs from using GeneSpring GX11.5.1 software (Agilent). Signal inten-

patients in the training and validation cohorts, as well as from sity was normalized by adjusting data to a 75th percentile
healthy controls, were isolated using Ficoll-Paque Premium baseline.

1.073 (GE Healthcare). PBMCs were also isolated from pa- Real-time quantitative polymerase chain reaction
tients in the training cohort at 3 months (which is earlier than (gPCR) analysis. Real-time qPCR analysis was performed in
the time at which a therapeutic response can be determined) to both the training and validation cohorts at baseline. The genes
assess the more direct effects of TCZ on gene expression. and the corresponding primers used are listed in Supplemen-
Total cellular RNA was extracted from PBMCs using Isogen tary Table 1, available on the Arthritis & Rheumatology web site
solution (Nippon Gene). For patients in ‘the training cohort at http://onlinelibrary.wiley.com/doi/10.1002/art.38400/
and for healthy controls, DNA microarray analysis was per- abstract. Reverse transcription of extracted RNA was per-
formed using a Quick Amp labeling kit and a Whole Human formed using an iScript cDNA Synthesis kit (Bio-Rad). Ex-
Genome DNA Microarray 4X44K according to the protocol of pression levels were measured with an ABI Prism 7300
the manufacturer (Agilent). Microarray data were analyzed instrument according to the standard protocol recommended
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by the manufacturer (Applied Biosystems). Data were normal-
ized to expression levels of GAPDH and/or ubiquitin C.

Statistical analysis. Statistical analysis was performed
using SPSS version 21.0 (IBM Japan). Normally distributed
continuous data were expressed as the mean = SD and were
analyzed using parametric tests (2-sample z-test [Welch’s ¢-test
when 2 variances were not considered equal] or paired #-test).
Non-normally distributed data were expressed as the median
and interquartile range and were analyzed using nonpara-
metric tests (Mann-Whitney U test). Multivariate analyses
were performed using logistic regression models. P values less
than 0.05 were considered significant.

RESULTS

Patients and disease characteristics. Character-
istics of patients in both the training cohort and valida-
tion cohort are shown in Table 1. All patients were
Japanese; the mean age was 58.4 years and 60.9 years in
the training and validation cohorts, respectively. The
training cohort was composed of 77.5% women, and
the validation cohort was composed of 80.0% women.
The median disease duration was 57.5 months and 44.5
months in the 2 cohorts, respectively. All patients ful-
filled the 2010 ACR/EULAR criteria for RA (22) in
addition to the ACR 1987 revised criteria. Methotrexate
was administered to 72.5% of patients in the training
cohort and 75.0% of the patients in the validation cohort
(median weekly dosage 8 mg and 6.75 mg, respectively),
and corticosteroids were administered to 57.5% of pa-
tients in the training cohort and 55.0% of patients in the
validation cohort (median daily dosage of prednisolone
3.875 mg and 1 mg, respectively). TNF antagonists had
been administered to 62.5% of patients in the training

Normalized signal intensity

RRRR

RNR
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cohort and 65.0% of patients in the validation cohort.
One patient in the training cohort had received ritux-
imab as part of the treatment regimen for malignant
lymphoma 4 years before commencing TCZ treatment.
No other biologic agents had been administered previ-
ously.

Thirteen healthy donors were also enrolled in this
study. The mean = SD age was 47.5 = 8.3 years, and 10
of the patients (76.9%) were women.

Response to TCZ treatment. Based on physician’s
global assessment, a good or moderate response to TCZ
treatment was achieved in 29 patients in the training
cohort at 6 months, while 8 patients did not respond.
Three patients were excluded from further analyses
because TCZ was discontinued in those patients before
they had received 3 months of treatment, due to either
an acute exacerbation of cervical spondylosis, necessitat-
ing surgery (n = 1) or poor patient compliance with the
scheduled visits for TCZ administration (n = 2).

In the validation cohort, all patients were eligible
for analysis. A good or moderate response was achieved
in 15 patients, whereas no response was observed in 5
patients.

Significantly or numerically larger improvement
in disease activity measures was seen in patients who had
been classified as responders by physician’s global as-
sessment as compared with those who had been classi-
fied as nonresponders, although the differences were
less significant in the validation cohort due to the small
sample size (Supplementary Table 2, available on the
Arthritis & Rheumatology web site at http://online

RYRRRH#RRRRRRRRRRRRRRRRRRR

Figure 1. Hierarchical clustering of signal intensity patterns for individual patients and DNA microarray probes, identified by comparing those who
responded to tocilizumab treatment with those who did not respond to tocilizumab treatment in the training cohort. The heatmap shows the
normalized signal intensities of 409 probes derived from the genes of 37 patients (29 responders [R] and 8 nonresponders [N]) in the training cohort.
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Table 2. Candidate DNA microarray probes identified by comparisons between nonresponders and responders in the training cohort*

Difference in normalized signal intensity

Log,-transformed signal intensity,

Correlation with gPCR

mean * SD Up/ dpwn: expression levelsf
Gene, DNA Absolute fold regulation in

microarray probe Nonresponders Responders difference responders Py r P§
CCL3L3

A_23_P321920 0.753 + 1.034 1.987 + 1.873 24 Up 0.023 0.994 <0.001

A_24 P228130 0.871 = 1.054 2.064 + 1.826 2.3 Up 0.028 0.998 <0.001
CCL4, A_23 P207564 3.394 + 0.846 4251 = 1.138 1.8 Up 0.034 0.859 0.001
CD83, A_23_P70670 2.450 * 1.257 3.718 = 1.489 2.4 Up 0.031 0.858 0.001
CXCR4, A_23_P102000 6.331 = 0.430 7.032 = 0.674 1.6 Up 0.002 0.839 0.002
FOSL2, A_23 P218555 ~0.352 + 0.780 0.526 = 1.017 1.8 Up 0.020 0.868 0.001
HP, A_23_P206760 4.187 + 0.890 3204 + 1.485 2.0 Down 0.030 0.839 0.002
HPR, A_23_P421493 0.262 *+ 0.970 -0.710 = 1.496 2.0 Down 0.041 0.623 0.055
IFI6, A_23_P201459 1.755 + 0.489 2.698 = 1.232 1.9 Up 0.003 0.633 0.049
IL.27, A_23_P315320 2.216 + 0.765 1.193 = 1.553 2.0 Down 0.016 0.230 0.620
LY6E, A_24 P317762 —0.300 = 0.403 0.437 = 0.956 1.7 Up 0.003 0.671 0.048
MTIB, A_23 P37983 1.956 * 0.427 2.601 £ 0.776 1.6 Up 0.006 ND ND
MTIG, A_23_P60933 2293 + 0.402 2.923 £ 0.795 15 Up 0.005 0.663 0.037
MTIL, A_23_P427703 2.091 + 0.383 2.689 = 0.772 1.5 Up 0.006 0.482 0.158
MT24

A_23_P106844 4.476 = 0.411 5.120 =+ 0.867 1.6 Up 0.006 0.672 0.033

A_23 P252413 4.012 = 0.455 4.624 + 0.908 15 Up 0.015 0.663 0.037

A_24 P361896 4246 + 0.427 4.969 + 0.813 1.7 Up 0.003 0.787 0.007
MX2, A 24 P117294 0.767 = 0.340 1410 £ 0912 1.6 Up 0.004 0.861 0.001
OASL, A_23_P139786 1.407 = 0.640 2.190 = 1.255 1.7 Up 0.024 0.942 <0.001
RABGEFI

A_23_P250825 ~0.229 * 0.675 0.425 + 1.038 1.6 Up 0.048 0.923 <0.001

A_24 P232049 —~0.456 = 0.723 0.234 + 1.045 1.6 Up 0.047 0.920 <0.001
THBSI, A_24 P142118 —0.341 = 1.349 1.088 + 1.732 2.7 Up 0.026 0.841 0.002
WARS, A_23 P65651 2.685 * 0.389 3.355 = 0.642 1.6 Up 0.002 0.897 <0.001

* Candidate genes are listed in alphabetical order. ND = not determined.

T By 2-sample #-test.

I Expression levels of GAPDH were used to normalize the quantitative polymerase chain reaction (qQPCR) data.

§ By Pearson’s correlation coefficient.

library.wiley.com/doi/10.1002/art.38400/abstract). The
CDAI category improved (e.g., from moderate disease
activity to low disease activity) in 28 of 29 responders in
the training cohort and in all 15 responders in the
validation cohort.

Differences in patient and disease characteristics
between nonresponders and responders. As shown in
Table 1, no significant differences in baseline character-
istics between nonresponders and responders were iden-
tified in either the training cohort or the validation
cohort.

Identification of candidate genes. Signal intensity
values of 41,000 probes for 19,416 genes in 8 nonre-
sponders and 29 responders were obtained. First, we
excluded 15,564 probes for 5,755 genes with a signal
intensity that was at a background level in all specimens
(<100 relative fluorescence units). We then identified
409 probes that fulfilled the following conditions: P <
0.05 by 2-sample ¢-test (for the difference in normalized
signal intensities between nonresponders and respond-
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ers), and a fold difference of >1.5 in normalized signal
intensities between nonresponders and responders. Fig-
ure 1 shows a heatmap of normalized signal intensities
and the hierarchical clustering analyses of these 409
probes. Gene expression patterns for nonresponders
clustered in the same branch, suggesting that a set of
these genes can be a sensitive biomarker for the identi-
fication of patients whose RA is not likely to improve
with TCZ treatment.

We further narrowed the pool of candidates to 68
probes by applying the following conditions: P < 0.05 by
2-sample t-test (for the difference in normalized signal
intensities between nonresponders and responders as
determined by the change in CDAI category), a fold
difference of >1.5 in normalized signal intensities be-
tween nonresponders and responders as determined by
the change in CDAI category, and a mean normalized
signal intensity >0 (log, scale) among either nonre-
sponders or responders.

We chose 23 probes that represented 19 genes
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Table 3. Differences in baseline relative expression of candidate genes between nonresponders and responders in the
validation cohort*

Expression relative to GAPDH,

Expression relative to ubiquitin C,

mean = SD mean * SD
Gene Nonresponders Responders P Nonresponders Responders P
CCL3L3 0.22908 = 0.11719 0.71191 = 1.14197 0.128 0.13394 = 0.08251 0.41982 =+ 0.82582 0.207
CCL4 0.47432 = 0.52809 0.32468 = 0.16105 0.565 0.32773 = 0.46202 0.18158 = 0.09879 0.520
CD83 0.09453 = 0.06540 0.12588 = 0.20742 0.623 0.11224 = 0.11309 0.08877 = 0.14512 0.721
CXCR4 2.02442 + 0.52763 2.60166 * 1.34114 0.186 2.51513 + 1.10834 2.18558 = 1.03989 0.578
FOSL2 0.12600 = 0.05244 0.15703 = 0.13811 0.477 0.06256 = 0.01640 0.08387 = 0.10172 0.446
HP 0.01959 = 0.01192 0.03599 = 0.03659 0.148 0.00705 = 0.00403 0.01579 = 0.01562 0.064
IFI6 0.01166 = 0.00514 0.01517 = 0.01106 0.038 0.01982 = 0.00674 0.07001 = 0.08707 0.043
LY6E 0.21193 + 0.09510 0.41288 + 0.45754 0.128 0.17700 = 0.07236 0.43286 + 0.75126 0.213
MTIG 0.00039 = 0.00030 0.00164 = 0.00128 0.003 0.00050 = 0.00040 0.00150 = 0.00162 0.041
MT24 0.26977 = 0.10763 0.35474 = 0.24362 0.299 0.14168 = 0.08079 0.16255 = 0.08920 0.640
Mx2 0.07054 = 0.02718 0.13847 = 0.08220 0.012 0.04406 = 0.01432 0.11390 = 0.11756 0.039
OASL 0.03208 = 0.00883 0.07313 = 0.06817 0.038 0.01172 = 0.00470 0.02848 = 0.02597 0.029
RABGEFI 0.03439 = 0.01607 0.05279 = 0.03053 0.107 0.02816 = 0.01219 0.05486 = 0.05447 0.094
THBSI 0.12593 = 0.10264 0.24968 + 0.26263 0.149 0.07945 + 0.07671 0.15341 = 0.17254 0.207
WARS 0.42023 = 0.15457 0.51446 = 0.28856 0.371 0.27259 = 0.13079 0.27193 = 0.12630 0.992

* Candidate genes are listed in alphabetical order. GAPDH and ubiquitin C were used as internal controls to normalize data.

P values were determined by 2-sample ¢-test.

(Table 2). These genes were selected based on fulfill-
ment of any of the following criteria: the gene had
multiple probes (e.g., RABGEF1I), the gene was one of a
group of genes that belonged to the same family (e.g.,
MTIB, MTIG, MTIL, and MT2A), or the gene was
directly involved in the immune/inflammatory response
(e.g., [L27).

Correlation between DNA microarray signal in-
tensity and relative expression determined using qPCR
analysis. Expression levels of the 19 genes (in 10 ran-
domly selected complementary DNA samples) were
determined by qPCR analysis using GAPDH to normal-
ize the data, and the relative expression was compared
with the DNA microarray signal intensity of the same
sample in order to exclude the genes that had expression
that was not likely to be reproduced. A meaningful
amplification curve was not obtained for MTIB using
any set of primers. Of the remaining 18 genes, statisti-
cally significant correlation between DNA microarray
signal intensity and relative expression (as determined
by qPCR analysis) was confirmed for 15 genes (Table 2).

Validation of differential gene expression be-
tween nonresponders and responders in an independent
cohort. Differences in expression levels of these genes in
PBMCs were compared between nonresponders and
responders in the validation cohort. Supplementary Fig-
ure 1 (available on the Arthritis & Rheumatology web site
at http://onlinelibrary.wiley.com/doi/10.1002/art.38400/
abstract) shows a heatmap of the relative expression
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levels (using GAPDH as an internal control) and clus-
tering of their patterns. The gene expression patterns for
nonresponders clustered in the same branch, suggesting
that a combination of these genes can be a sensitive
biomarker for use in identifying patients whose RA is
not likely to improve with TCZ treatment. However,
significantly higher expression levels in responders were
reproduced only in 4 genes (IFI6, MTIG, MX2, and
OASL), and similar results were obtained when ubiqui-
tin C was used as an internal control (Table 3).
Comparisons between healthy controls and RA
patients and between patients before and after TCZ
treatment. Normalized DNA microarray signal intensi-
ties of all 4 genes identified were significantly higher in
RA patients who responded to TCZ than in healthy
controls (Figure 2). In addition, normalized signal inten-
sities tended to decrease after 3 months of TCZ treat-
ment in responders but not in nonresponders (Figure 2).
These data indicate that the expression of these genes in
PBMCs is preferentially increased in patients with active
RA who are likely to respond to TCZ treatment.
Prediction models for clinical responses to TCZ
treatment. To assess the predictive values and determine
optimal cutoff levels, we analyzed the 4 identified genes
using a receiver operating characteristic (ROC) curve.
For the prediction of moderate-to-good responses to
TCZ treatment in the validation cohort, ROC analysis
showed that the area under the curve (AUC) was 0.693
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Figure 2. Comparisons of DNA microarray signal intensities between
healthy controls (HCs), rheumatoid arthritis (RA) patients who were
classified as nonresponders (N), and RA patients who were classified
as responders (R), and comparisons of DNA microarray signal inten-
sities within each group between baseline and after 3 months of
tocilizumab treatment. DNA microarray signal intensities were deter-
mined for IFI6, MTIG, MX2, and OASL. Values are the mean = SD.
= P < 0.05; ##x = P < 0.001, by 2-sample ¢-test or paired ¢-test. NS =
not significant.

for IFI6, 0.920 for MTIG, 0.813 for MX2, and 0.627 for
OASL (Table 4).

We next performed multivariate logistic regres-
sion analyses to determine the independent predictive
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values of the identified genes that were associated with a
moderate-to-good response to TCZ in the validation
cohort. However, neither continuous nor dichotomous
variables were identified as significant predictors (prob-
ably due to the small sample size).

We therefore assigned 1 point to each gene when
the relative expression was above the cutoff point and
calculated the total scores by summing these points. The
predictive values of the total scores (with all possible
combinations of the 4 genes) are shown in Table 4. An
AUC of 0.947 (the largest of the AUCs) at a cutoff point
of =2 was seen when total scores included the genes
MTIG and MX2 or the genes MT1G, MX2, and OASL.
Positive and negative predictive values of these models
for a moderate-to-good response to TCZ in the valida-
tion cohort were 100% and 55.6%, respectively.

DISCUSSION

This study is the first to identify, using human
genome-wide DNA microarray analysis, candidate bio-
markers that can be used to predict therapeutic re-
sponses to TCZ in patients with RA. Of 19,416 genes
examined, 4 genes were identified as predictive biomark-
ers using data from 2 independent cohorts. Models
combining these genes provided good predictive values
for therapeutic responses to TCZ.

Table 4. ROC analyses and diagnostic values for each gene and for total scores for prediction of
moderate-to-good responses to tocilizumab in the validation cohort*

ROC analysis

Optimal cutoff

Diagnostic value, %

Gene AUC point Sensitivity Specificity PPV NPV
Single gene
IFI6 0.693 =0.85295 80 60 86 50
MTIG 0.920 =0.00054 87 80 93 67
MX2 0.813 =0.06587 87 80 93 67
OASL 0.627 =0.04068 47 100 100 39
Total score
IFI6/IMTIG 0.887 =2 73 100 100 56
IFI6/MX2 0.807 =2 80 80 92 57
IFI6/OASL 0.793 =] 80 60 86 50
MTIGIMX2 0.947 =2 73 100 100 56
MTIG/OASL 0.880 =1 87 80 93 67
MX2/0OASL 0.880 =1 87 80 93 67
IFI6IMTIG/MX2 0.913 =3 73 100 100 56
IFI6/MTIG/OASL 0.887 =2 73 100 100 56
IFI6/MX2/0ASL 0.853 =2 80 80 92 57
MTIG/MX2/OASL 0.947 =2 73 100 100 56
IFI6IMTIGIMX2/ 0.913 =3 73 100 100 56
OASL

* Receiver operating characteristic (ROC) analysis was performed for the relative expression level of each
gene, using GAPDH as an internal control. ROC analysis was further performed for the total scores of all
possible gene combinations. AUC = area under the curve; PPV = positive predictive value; NPV =

negative predictive value.
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Among the 4 genes identified in this study, IFI6
(interferon-o [IFNa]-inducible protein 6), MX2 (myxo-
virus resistance 2), and OASL (2'-5'-oligoadenylate
synthetase-like gene) were type I IFN response genes
(genes for which expression is induced by type I IFN
signaling). Their increased expression was associated
with favorable therapeutic responses to TCZ. Because
responders did not have elevated expression levels of
type I IFNs in PBMCs (data not shown), the major
producer of the cytokines responsible for the increased
expression of IFN response genes in responders seems
to be other cell populations.

Type I IFNs, which consist of IFN« and IFNS,
are ubiquitously expressed in various cell types and have
an essential function in mediating innate immune re-
sponses against viruses; they play critical roles in several
immunologic processes including lymphoid differentia-
tion, homeostasis, tolerance, and memory (23). It has
been reported that the activity of type I IFN and the
expression of IFN response genes in peripheral blood
samples are increased in patients with RA (24-29).
Mavragani et al demonstrated that the increased activity
of IFN in plasma was a predictor of good clinical
response in RA patients treated with TNF antagonists
(25), and in a study by van Baarsen et al, the expression
of some IFN response genes was increased in RA
patients who exhibited a favorable response (30). In
contrast, other studies have shown that increased expres-
sion of IFN response genes and IFNa in peripheral
blood cells (13,26) or synovial tissue (31) was associated
with the lack of therapeutic responses to rituximab, a
monoclonal antibody targeting CD20 expressed on B
cells. These data indicate that the type I IFN signature is
not a prognostic marker that universally predicts thera-
peutic responses of RA to potent antirheumatic drugs,
but that it may differentiate patients who would prefer-
entially benefit from a certain class of biologic agents.

Our data, taken together with the previous re-
ports, suggest that both IL-6 and TNFa blocking thera-
pies for RA are more likely to be efficacious when IFN
‘activity is increased, and these data further support the
notion that molecular and cellular mechanisms underly-
ing the therapeutic effects of TCZ and TNF antagonists
share at least a part of the same pathway in the
pathophysiology of RA (3,32).

The molecular and cellular mechanisms by which
the type I IFN signature plays a role in the responsive-
ness of RA to different biologic agents remain elusive.
Although treatment with IFNB is efficacious in some
patients with relapsing remitting multiple sclerosis (MS),
treatment with various forms of type I IFN (treatment
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that is also available for patients with hepatitis C) has
been reported to cause or exacerbate other autoimmune
diseases such as systemic lupus erythematosus (33),
psoriasis (34), neuromyelitis optica (35), and RA (36).

A number of pathways have been postulated as
underlying mechanisms for type I IFN-induced devel-
opment of autoimmunity based on genetic or experi-
mental data (23,37,38); however, only a few reports
explain the difference between effects of IFNB on MS,
an archetypal autoimmune disease of the central ner-
vous system, and the effects on other autoimmune
diseases. Axtell et al reported that IFNB promotes Th17
cell-mediated autoimmunity but attenuates Thl cell-
mediated autoimmunity and that the balance between
Th17 and Thl can determine the response of the
autoimmune condition to IFNS treatment (37,39). On
the other hand, IL-6 signaling plays an important role in
Th17 cell differentiation (40), and we recently identified
down-regulated Th1l7 cell-related molecules in the
CD4+ T cells of RA patients who received IL-6 blocking
therapy (41). Since type I IFNs have been reported to
enhance IL-6 signaling by providing docking sites for
STAT-1 and STAT-3 on phosphorylated IFN« receptor
1 in close proximity to the gp130 chain of IL-6R (23,42),
the increased expression of IFN response genes in
PBMCs may reflect systemically increased type I IFN
activities and subsequent IL-6-mediated Th17-driven
inflammation, which can be readily antagonized by IL-6
blocking treatment.

MTIG encodes metallothionein-1G, a member of
the metallothionein (MT) proteins, among which MT-1
and MT-2 are the most widely expressed isoforms in
mammals. MT proteins are small, cysteine-rich proteins
that bind to both essential and toxic metals and have
been implicated in a range of roles including toxic metal
detoxification and protection against oxidative stress
(43-45). The MT-1 promoter contains a STAT binding
site, and the gene expression of MT-1 is directly up-
regulated by IL-6 (45-47).

MT proteins have also been reported to be
involved in immune and inflammatory responses, al-
though the precise mechanism is not known (45,48-50).
Given that the expression levels of MTIG were in-
creased in RA patients who responded to IL-6-blocking
treatment (Tables 2 and 3), MTIG expression in PBMCs
may reflect the presence of increased IL-6 signaling,
which is associated with systemic disease activity. Al-
though the decrease in expression of MTIG after 3
months of effective TCZ treatment was not statistically
significant (Figure 2), the decreases in the expression
levels of MT1B and MT2A4, the other MT genes identi-
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fied in the training cohort, were statistically significant
(data not shown). These data suggest that the gene
expression of MT-1 and MT-2 may be synergistically
up-regulated by IL-6/gp130/STAT-3 signaling in
PBMCs, although other factors such as zinc concentra-
tion are also likely to be involved in the regulation of
MT-1 and MT-2 gene expression (45).

Our study has several limitations. First, the sam-
ple size was not large enough to exclude Type I and Type
II statistical errors, to perform multivariate analyses, or
to stratify patients by background. In fact, the statistical
significance of our data did not withstand correction for
multiple testing. Also given that a previous study dem-
onstrated that biomarkers that are identified as predic-
tors of treatment responses in a single study are fre-
quently unreproducible (51), our data. need further
confirmation. However, the number of patients who
underwent genome-wide microarray analysis in our
study is larger than that in previous studies of RA
(9,11,29,52) and the 4 identified genes withstood statis-
tical analyses using 2 independent cohorts and 2 differ-
ent methods for gene expression. Moreover, 3 of the 4
genes (i.e., IFI6, MX2, and OASL) were IFN response
genes and 3 genes encoding MT, other than MTIG (ie,,
MTIB, MTIL, and MT24), were also identified in the
training cohort (Table 2). These data suggest that the
final 4 genes were not incidentally identified by mea-
surement errors but are likely to represent meaningful
molecular pathways associated with the clinical conse-
quences of IL-6 blockade treatment.

Second, therapeutic responses were determined
by physician’s global assessment, instead of established
response criteria, such as EULAR response criteria. As
mentioned in Patients and Methods, this method was
chosen to avoid confounding the data with nonre-
sponders who had nonspecific decreases in inflamma-
tory responses as a result of IL-6 blockade (53). In fact,
2 nonresponders in our study were categorized as mod-
erate responders when EULAR response criteria were
applied, even though joint counts and the patients’
global assessments of disease activity on the VAS did not
improve at all (data not shown). We managed to distin-
guish nonresponders from true responders by reviewing
comprehensive clinical information on an individual
basis and by using the change in CDAI category as an
objective reference; however, objective and standardized
response criteria for TCZ need to be established. For
this purpose, type I IFN signature could be a specific
biomarker not only for predicting therapeutic responses,
but also for monitoring therapeutic responses, given that
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all of the 3 identified IFN response genes were down-
regulated only in responders in our study (Figure 2).

Third, although we intentionally focused on lym-
phocytes and monocytes that have been implicated in
the pathogenesis of RA (3-5), gene expression analyses
in PBMCs do not identify possibly informative genes
that are preferentially expressed in granulocytes. Fur-
thermore, isolating PBMCs is not always feasible in a
typical clinical setting. Thus, whether whole blood cells
are as informative as PBMCs in predicting therapeutic
responses is a matter of great interest. To further
improve the feasibility of applying this method to daily
practice, soluble proteins in sera can be even more
attractive biomarkers. Given the high discriminating
capacity of the predictive models in our study, our data
can be used to identify candidate serum biomarkers for
use in predicting therapeutic responses to TCZ.

In conclusion, our study demonstrates that the
expression levels of genes identified by genome-wide
DNA microarray analyses can be predictive biomarkers
for therapeutic responses to TCZ in RA patients. Our
data provide valuable information for establishing strat-
egies to optimize treatment with different classes of
biologic agents. The results also indicate that type I
interferon signaling and MT proteins are involved in the
therapeutic responses of RA, providing insight into its
molecular pathophysiology.
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AT-Rich-Interactive Domain—Containing Protein SA Functions
as a Negative Regulator of Retinoic Acid Receptor-Related
Orphan Nuclear Receptor yt—Induced Th17 Cell Differentiation
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Objective. The proinflammatory cytokines tumor
necrosis factor « and interleukin-6 (IL-6) and the Th17
cell cytokine IL-17A are implicated in the pathogenesis
of rheumatoid arthritis (RA), and the blockade of these
cytokines by biologic agents provides clinical benefits
for RA patients. We undertook this study to clarify the
mechanisms underlying the efficacy of IL-6 blockade in
RA and to find a novel target for treatment of RA.

Methods. We examined gene expression profiles
of CD4+ T cells by DNA microarray analysis before and
after treatment with an anti-IL-6 receptor antibody,
tocilizamab (TCZ), in RA patients who exhibited good
clinical responses to the treatment. Using murine CD4+
T cells, we then examined the roles of a newly identified
molecule whose expression was significantly reduced in
CD4+ T cells by TCZ therapy. We also examined the

Supported in part by Grants-in-Aid for Scientific Research
from the Ministry of Education, Culture, Sports, Science and Tech-
nology of Japan (MEXT), the MEXT Global COE Program (Global
Center for Education and Research in Immune System Regulation and
Treatment), and a Health and Labor Sciences Research Grant from
the Ministry of Health, Labor, and Welfare of Japan.

Yukari Saito, MSc, Yoshie Sanayama, MD, Kei Tkeda, MD,
PhD, Akira Suto, MD, PhD, Hiroshi Nakajima, MD, PhD: Chiba
University, Chiba, Japan; 2Shin-ichiro Kagami, MD, PhD, Shunsuke
Furuta, MD, PhD: Chiba University and Asahi General Hospital,
Chiba, Japan; *Daisuke Kashiwakuma, MD, PhD, Itsuo Iwamoto, MD,
PhD: Asahi General Hospital, Chiba, Japan; “Ken Nonaka, MS,
Osamu Ohara, PhD: Kazusa DNA Research Institute, Chiba, Japan.

Ms Saito and Dr. Kagami contributed equally to this work.

Dr. Nakajima has received speaking fees from Chugai Phar-
maceutical, Mitsubishi Tanube Pharma, and Bristol-Myers Squibb
(less than $10,000 each).

Address correspondence to Shin-ichiro Kagami, MD, PhD,
or Hiroshi Nakajima, MD, PhD, Department of Allergy and Clinical
Immunology, Graduate School of Medicine, Chiba University, 1-8-1
Inohana, Chiba City, Chiba 260-8670, Japan. E-mail: kagami@hospital.
asahi.chiba.jp or nakajimh@faculty.chiba-u.jp.

Submitted for publication June 11, 2013; accepted in revised
form December 12, 2013.

1185

19

effect of the forced expression of the molecule on
retinoic acid receptor-related orphan nuclear receptor
vt (RORyt)-induced IL-17A production in CD4+ T
cells and on RORyt-induced IL-17A promoter activa-
tion.

Results. We identified AT-rich—interactive domain—~
containing protein 5A (ARID-5A) as a new molecule
down-regulated by IL-6 blockade in the form of TCZ
therapy. IL-6 induced the expression of ARID-5A in
CD4+ T cells during Th17 cell differentiation by a
STAT-3—-dependent mechanism, whereas IL-6-induced
ARID-5A expression was not affected by the absence of
ROR+yt, a lineage-specifying transcription factor of
Th17 cells. Furthermore, ARID-5A physically associated
with ROR+yt through its N-terminal region and inhib-
ited RORvyt-induced Th17 cell differentiation.

Conclusion. ARID-5A is a lineage-specific attenu-
ator of Th17 cell differentiation and may be involved in
the pathogenesis of RA.

Rheumatoid arthritis (RA) is characterized by
the destruction of cartilage and bone, with inflammation
and cellular proliferation in the synovial joints. Accumu-
lating evidence has shown that immune cells, including T
cells, B cells, dendritic cells, and macrophages, play es-
sential roles in the pathogenesis of RA (1). Proinflam-
matory cytokines, such as tumor necrosis factor o (TNF)
and interleukin-6 (IL-6), produced by these immune
cells are involved not only in synovial inflammation, but
also in extraarticular manifestations in RA (2,3). Clinical
efficacy of biologic agents that block the effects of these
proinflammatory cytokines has proved the roles of these
cytokines in the pathogenesis of RA (4,5).

In addition to TNF«a and IL-6, recent studies
have demonstrated that Th17 cell-related cytokines such



