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%D CD4 BBt T MRS IC BT BB 24T LT,

h—=r 7 aR— MTBWTEY S & B 2T TCZ 5RO PBMCIZBIT AT 7
FMEICEBEZRRBD, DO—EDY I FLRELRT 68 7u—7%FE L, Th
LbohT, BELTRESNZbD, A—77 I U —EaF. BIOGREL D WITE
JERUGCEREEET S 19 BaF 23 7u—7CER Lz, &HIZENHDOHF T, gPCR
WEABRBEEDNA~A 70T LA V7 FMEE OFERHR TE R 16 BT %2 THlE
HBETFE Lz, N F—vgrark—MIBWT, E96 L EFIOMT T2 &5
AT PBMC IZ31F % oPCRIC X 2 HBUEICHE B REEZR Db DX, 16 BEFF 4 8RB
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> MZ X Y ARID5A & RORyt DEEEFEAIVRENT- (Arthritis Rheum 2014;66:1185),
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I 57 BRABE Z N ENSERFIT D% 243 M
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JVOWESL (L)

4) TRV ENEBETFLI S
WEH, EEA, 2oCEEMEEALZR
EL, hb—=v 7 ak— OENREE EL
HEOMBICR T 52 EARBEOZEZELISAL
WTRERR LT,



6) TCZOZNRFBMEFOMH (HE, P&,
7 )

TCZAEZE B D ARAH M CDARG M THI
WCRWT, TCZEGHICRBEDE T LTS
AT-rich interactive domain—containing
protein 5a (ARIDSA)IZHER L7z, b bR
B LU~ v R EEHE DT A — 7 CDAGMETHE
Ja7s 553 VakE U= ThIMfR, Th2#ifd, Thl7
AL, TEhififa, Tregffifldsi) % ARIDSADFE
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i F e DCDARGHETHIARIZ L b 7 A VAR

& —% FVNTARIDSAZ GFP & HE |2 R I Z ER S,

BN —THIFR D L FHE S THEAE U 72
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Expression relative to GAPDH,

mean = SD
Gene Nonresponders Responders P
CCL3L3 0.22908 = 0.11719 0.71191 = 1.14197 0.128
CCL4 0.47432 + 0.52809 0.32468 = 0.16105 0.565
CD83 0.09453 = 0.06540 0.12588 + 0.20742 0.623
CXCR4 2.02442 = 0.52763 2.60166 = 1.34114 0.186
FOSL2 0.12600 = 0.05244 0.15703 = 0.13811 0477
HP 0.01959 = 0.01192 0.03599 * 0.03659 0.148
IFI6 0.01166 = 0.00514 0.01517 = 0.01106 0.038
LY6E 0.21193 = 0.09510 0.41288 * 0.45754 0.128
MTIG 0.00039 = 0.00030 0.00164 £ 0.00128 0.003
MT24 0.26977 = 0.10763 0.35474 = 0.24362 0.299

MX2 0.07054 = 0.02718 0.13847 = 0.08220 0.012

OASL 0.03208 = 0.00883  0.07313 = 0.06817  0.038
RABGEFI ~ 0.03439 = 001607  0.05279 = 0.03053  0.107
THBSI 0.12503 = 0.10264 024968 = 0.26263  0.149
WARS 042023 = 0.15457 051446 = 0.28856 0371
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RAE M BEERICBIT D EERPCRIZE D
BEiY vwFicwtd 5 U AT OENTFHEET VOBEICET 5%
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FERFRFGREEFERT LAX— - BRGEEYE HER

MEEE

FAYMEAZER (PBMC) OMEREAEMETREMTOT —ZIZ L VHiH Sz 19
BEFO, EEHY T/LZA 5 PCR (PCR) I L AFBMTICLy., M&HY v~
F (RA) IZxt3 5 b X~=T (ICZ) OFEJTRETNEBETHIZLEZEN
&L,

19 BLEFICR LTREN R T/ ~—%REL, BEEZOWICRABED
PBMC @ RNA #R{RIZIBUVWNT qPCR E DNA <A 7 a7 LA DT 7 FAEE OFEBEE KR
L7, MEOBEWELEFEHAWVWTICZ B FRET VEBREL, NYTFT—Ta
vark—h (=20 ZAVWCEOREL2RIELE,

19 BIEFH, 15 BB FTPCRICEBDREIELEDINA~A 70T LA V7 FE
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Prediction of Therapeutic Responses to Tocilizumab in
Patients With Rheumatoid Arthritis

Biomarkers Identified by Analysis of Gene Expression in
Peripheral Blood Mononuclear Cells Using Genome-Wide DNA Microarray
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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 (IFI16, MX2, and OASL)
and MTIG. 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 tociliznmab 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.

Tocilizumab (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
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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.
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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=5) (n = 15)
Age, mean * SD years 584 +152 54.3 +10.2 59.5 = 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) 44.5 (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) 0(0) 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)
(IOR)

CDAI, median (IOR) 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) 4.73 (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.
T 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 (qPCR) 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 4xX44K 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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