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ORIGINAL ARTICLE

Expressions of circadian clock genes represent disease activities of RA patients
treated with biological DMARDs

Kenta Kaneshiroa , Kohsuke Yoshidaa , Kanta Moriia, Yuto Oketania, Koto Uchidaa, Arisa Yaekuraa,
Ikumi Okumuraa, Teppei Hashimotob, Yoshiko Kawasakic, Nao Shibanumad, Yoshitada Sakaie and
Akira Hashiramotoa

aDepartment of Biophysics, Kobe University Graduate School of Health Sciences, Kobe, Japan; bDepartment of Rheumatology, Hyogo
College of Medicine, Nishinomiya, Japan; cDepartment of Rheumatology, Kobe Kaisei Hospital, Kobe, Japan; dDepartment of Orthopedic
Surgery, Kobe Kaisei Hospital, Kobe, Japan; eDivision of Rehabilitation Medicine, Kobe University Graduate School of Medicine, Kobe, Japan

ABSTRACT
Objectives: Rheumatoid Arthritis (RA) is the autoimmune disease representing the circadian variations
of symptoms such as morning stiffness of joints or increased production of cytokines around midnight.
Clock genes have been reported to affect on the pathogenesis of RA, however, the detailed relation
between clock genes and disease activities of RA has remained unclear.
Methods: In this study, 15 RA patients treated with biological disease modifying anti-rheumatic drugs
(bDMARDs) were enrolled (TNF inhibitor, 5; IL-6 inhibitor, 5; CTLA4-IgG, 5). Blood samples were collected
from RA patients before treatment and at the study end-point fulfilling DAS28-ESR < 3.2. Total RNA was
extracted from leukocytes to examine the expressions of the clock genes. We then evaluated the correl-
ation of the clock gene expression with disease activity and the diagnostic values of the clock genes.
Results: The expressions of the clock genes were significantly modulated by bDMARDs treatments.
Disease activities were significantly correlated with the clock genes expressions, and disease remission/
low disease activity could be distinguished from moderate/high disease activity due to the sensitivities,
the specificities and the areas under the curves of that.
Conclusion: The expressions of the clock genes in leukocytes could be useful as novel biomarkers pre-
dicting disease activities and therapeutic efficacies for bDMARDs in RA treatments.
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Introduction

Rheumatoid arthritis (RA) is a chronic arthritis characterized
by synovial inflammation and hyperplasia with pannus for-
mation, resulting in joint destruction [1]. Recently, remark-
able features of RA, such as morning stiffness of joints and
increased production of cytokines during midnight, have
been discussed in relation to circadian rhythms [2].

In mammalian species, the circadian rhythm is controlled
by the network of clock genes; Period (Per), Cryptochrome
(Cry), Brain and muscle arnt-like protein 1 (Bmal1),
Circadian locomotor output cycles kaput (Clock), D site of
the albumin promoter binding protein (Dbp), Hepatic leuke-
mia factor (Hlf), Thyrotroph embryonic factor (Tef), E4-bind-
ing protein 4 (E4bp4), Retinoic-acid-receptor-related orphan
receptor a (RORa) and Rev-erba [3]. The transcription factor
BMAL1 and CLOCK heterodimerize and bind to E-box
element of the promoter regions of Per, Cry, Dbp, Hlf, Tef,
E4bp4, Rora and Rev-erba, leading to their transcriptions.
Then, PER and CRY heterodimerize and inhibit the
activity of BMAL1/CLOCK heterodimer, successively, the
transcriptions of Per and Cry are suppressed. DBP, HLF and

TEF are collectively called as the proline and acidic amino
acid-rich basic leucine zipper (PAR-bZIP) family and acti-
vate transcription of Per, while E4BP4 inhibits transcription
of Per by binding to D-box element. RORa binds to REV-
ERB/ROR response element (RRE) to activate the transcrip-
tion of Bmal1, Clock and E4bp4, while REV-ERBa binds to
RRE to inhibit the transcriptions of those [4].

As described above, clock genes maintain an elaborate
relationship with each other, and operate an order indis-
pensable to keep the homeostasis of human body. Indeed,
disorders of circadian operation have been reported to initi-
ate disease onset including cancer, sleep disorder, cardiovas-
cular disease, psychosis and metabolic disease [5–7]. In
colorectal carcinoma, expressions of Per2 is associated with
tumor size and survival ratio [8]. Although, lacking a rhyth-
mical expression [9], RORa is required for differentiation of
T helper 17 cell [10] and negatively regulates the inflamma-
tory response through proinflammatory cytokine Interleukin
(IL)-6 and IL-8 in rat smooth muscle cells [11]. E4bp4 was
also required for development of natural killer (NK) cell,
and the subcutaneous cancer in Smad3 knockout mice was
suppressed by activated NK cells through E4BP4-mediated
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pathway [12,13]. Moreover, a mutation of serine 662 amino
acid into glycine 662 in PER was reported to be responsible
for familial advanced sleep phase disorder [14].

In the clinical field of RA treatment, three types of bio-
logical disease modifying anti-rheumatic drugs (bDMARDs)
are widely used; adalimumab (ADA) and certolizumab pegol
(CZP) bind to tumor necrosis factor (TNF)-a to inhibit the
activity of that [15], tocilizumab (TCZ) binds to IL-6 recep-
tor to inhibit the intracellular signaling through glycoprotein
130 to Janus kinase-Signal transducer and activator of tran-
scription [16], and abatacept (ABT) inhibits the cluster of
differentiation (CD) 28/CD80 or CD86 signaling of T cell as
a cytotoxic T-lymphocyte antigen (CTLA) 4 – immnoglobu-
lin (Ig) G fusion protein [17]. And recently, treatments with
TNF inhibitor (TNFi), TCZ and ABT were reported to
improve sleep qualities of RA patients suffered with sleep
disorder [18–20].

In this study, we examined the disease activities and the
expressions of the clock genes in leukocytes of RA patients
before/after treatment with bDMARDs, and proposed, here,
the clock genes as a novel biomarker predicting disease
activity of RA and therapeutic efficacies of bDMARDs.

Materials and methods

Patients and ethics

The study group included six healthy controls (HC) and 15
RA patients treated with bDMARDs at Kobe Kaisei
Hospital, Japan. Among them, five patients were treated
with TNFi (two patients with ADA and three patients with
CZP), five patient were with TCZ and five patients were
with ABT. All patients fulfilled the 2010 American college
of rheumatology classification criteria [21]. Blood samples
were collected before treatments and at the study end-point
achieving disease activity score in 28-joints erythrocyte sedi-
mentation rate (DAS28-ESR)< 3.2. DAS28-ESR is deter-
mined by the formula [22]; DAS28-ESR ¼ 0.56�(square root
of tender joints counts 28) þ 0.28�(square root of swollen
joints count 28) þ 0.7�(natural logarithm of ESR) þ
.014�visual analog scale. The profile of HC was as follows;
n¼ 6 (female ratio 66.7%) and age ¼ 57.8 ± 6.0.

This study was approved by the ethics committee of
Kobe University (approval #579) and Kobe Kaisei Hospital
(approval #0017), and written informed consent was
obtained from each patient before study enrolment, accord-
ing to the Declaration of Helsinki.

Cell culuture, RNA extraction, reverse transcription,
quantitative polymerase chain reaction

THP-1 cells were purchased from JCRB Cell Bank of
National Institutes of Biomedical Innovation, Health and
Nutrition (JCRB0112). Cells were maintained in RPMI1640
medium (Wako, Tokyo, Japan) supplemented with 10% of
heat-inactivated fetal bovine serum, 1% penicillin–strepto-
mycin (Life Technologies) at 37 �C and 5%CO2. Ta
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THP-1 cells were cultured (5.0� 105 cells/mL) for
0–32 h, and stimulated with or without IL-6(50 ng/mL,
Peprotech, Rocky Hill, NJ) or TNF-a(10 ng/mL, R&D sys-
tems, McKinley, NE) for additional 24 h. Total RNA was
extracted by RNeasy Mini Kit and QIAshredder (Qiagen,
Hilden, Germany), and by PAXgene Blood RNA kit
(QIAGEN, Hilden, Germany) from blood samples.
Reverse transcription was performed with ReverTraAce
(TOYOBO, Osaka, Japan) to analyze the expressions of the
clock genes in leukocyte by StepOnePlus Real-Time
PCRSystems (Applied Biosystems, Foster City, CA).
The TaqMan probes used were: Per2 (Hs00256143_m1),
Cry1 (Hs00172734_m1), Cry2 (Hs00323654_m1), Clock
(Hs00231857_m1), E4bp4 (Hs00993282_m1), Rora
(Hs00536545_m1), and Glyceraldehyde 3-phosphate dehydro-
genase (Gapdh) (Hs99999905_m1).

Statistical analysis

Student’s t test was performed to compare the expressions
of the clock genes between HC and patients’ samples
(before-treatment or before and after-treatment), and that of
THP-1 cells. For categorical variables, Fisher’s exact test was
conducted. Kruskal–wallis test was used to evaluate the dif-
ferences of clinical data among three types of bDMARDs.

To examine the correlation between 2 independent values,
Pearson’s correlation coefficients (shown as ‘r’ in the fig-
ures) and p-values were used. To evaluate the diagnostic val-
ues, area under receiver operating characteristic curve
(AUC-ROC) was adapted. The cutoff values were deter-
mined by the points on the ROC with minimum distance
from the upper-left corner of the graph.

All statistical tests were two-sided and p< .05 was con-
sidered as statistically significant. The statistical analysis
were performed by EZR software version 1.36, based on R
and R commander [23].

Results

Profiles of patients with RA before/after bDMARDs
treatment

The clinical characteristic and disease activity of 15 patients
with RA were shown in Table 1. When comparing the
patient background, methylprednisolone (PSL)-dosage,
methotrexate (MTX)-dosage and other bDMARDs-use were
significantly different among three groups; p¼ .033, p¼ .039
and p¼ .0093, respectively. Finally, DAS28-ESR in baseline
and DAS28-ESR after treatment showed significant differen-
ces among three groups; p¼ .042 and p¼ .0030, respectively.
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Figure 1. The profiles of leukocytes in RA patients before/after bDMARDs treatments. The values are expressed as mean ± standard deviation (SD; white square:
Before treatment, black square: After treatment). �p< .05.
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The leukocyte’ populations of RA patients were shown in
Figure 1. Leukocytes significantly decreased in TCZ-treated
(p< .05), ABT-treated (p< .05) and overall patients (p< .01).
Neutrophils significantly decreased in TCZ-treated (p< .05),
ABT-treated (p< .05) and overall patients (p< .001).

The expressions of clock genes in leukocytes before/
after bDMARDs treatment

We next studied the expressions of the circadian clock genes
in leukocyte of HC and patients before/after treated
with bDMARDs.

As shown in Figure 2, the expressions of Per2, Cry1,
Cry2, Clock and Rora in RA patients was lower than healthy
controls; p< .000001, p< .00001, p¼ .0745, p< .000001, and
p< .000001, respectively. While the expression of E4bp4 in
RA patients was higher than healthy controls (p< .001).
After treatments, expressions of Per2 were significantly
increased in TCZ-treated (p< .05), ABT-treated (p< .01)
and overall patients (p< .001), though was not significant in
TNFi-treated patients (p¼ .055). Expression of Cry1 and
Cry2 were significantly increased in overall patients
(p< .05), though there was no significant difference for
individual agents. Expressions of Clock were significantly
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increased in ABT-treated (p< .01) and overall patients
(p< .01), and also they were increased in TNFi-treated and
TCZ-treated patients though not statistically significant
(p¼ .064 and .076, respectively). Expressions of Rora were
increased in ABT-treated (p< .05) and overall patients
(p< .01), and also increased in TNFi-treated and TCZ-
treated patients (p¼ .075 and .098, respectively). Finally,
Expressions of E4bp4 were decreased in overall patients
(p< .01), though not significant in individual agents.

The correlations between DAS28-ESR and the clock
genes in RA patients

We next analyzed the correlation between DAS28-ESR and
the expressions of the clock genes (Figure 3). DAS28-ESR
was negatively correlated with the expressions of Per2 (r ¼
–.533, p< .01), Cry1 (r ¼ –.487, p< .01), Cry2 (r ¼ –.382,
p< .05), Clock (r ¼ –.513, p< .01) and Rora (r ¼ –.563,

p< .01), while was positively correlated with E4bp4
(r¼ 0.434, p< .05).

The cutoff values, the sensitivities, the specificities and
AUCs of the clock genes in RA patients

ROC curve analysis was performed to discriminate MDA/
HDA from disease remission/LDA in RA patients by the
expressions of the clock genes. As shown in Figure 4, the
diagnostic power of Per2 with a cutoff of 4.457 showed
80.0% sensitivity and 73.3% specificity, and AUC was 0.858.
That of Cry1 with a cutoff of 1.439 showed 53.3% sensitiv-
ity, 73.3% specificity, and AUC was 0.671. That of Cry2
with a cutoff of 6.989 showed 73.3% sensitivity, 73.3% speci-
ficity, and AUC was 0.764. Also, that of Clock showed
60.0% sensitivity, 93.3% specificity, AUC 0.769 with a cutoff
of 1.461. That of Rora with a cutoff of 15.35 showed 73.3%
sensitivity and 73.3% specificity, and AUC was 0.818. At
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Figure 3. The two-way scatter plot of DAS28-ESR and the expressions of clock genes. The correlation coefficients and p-values are shown in each figure (〇: Before
treatment, �: After treatment).
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last, that of E4bp4 with a cutoff of 17.74 showed 80.0% sen-
sitivity and 93.3% specificity, and AUC was 0.871.

The expressions of the clock genes in THP-1

To explore the interaction of the clock genes in leukocytes,
we next investigated the modulated expressions of the clock
genes in THP-1 cells stimulated with IL-6 and TNF-a. As
shown in Figure 5, expressions of Per2 and Cry2 were sig-
nificantly decreased by IL-6, while they were significantly
increased by TNF-a. The expression of E4bp4 was signifi-
cantly increased by both IL-6 and TNF-a.

Discussion

We previously reported that deletions of Cry1/2 gene exa-
cerbated arthritis in mice due to excessive production of
TNF-a from lymphocytes [24] , on the other hand, stimula-
tions of TNF-a modulated the expressions of the clock
genes in RA fibroblast-like synoviocytes [25,26]. Indeed,
treatments with another TNF-a inhibitory bDMARDs,
infliximab, significantly modulated the expressions of Per1/2
and Cry2 in RA patients’ peripheral blood mononuclear cells
[27]. Journiac et al. have been also reported that RORa pro-
motes IL-6 production by binding the promotor region of
IL-6 [28].Thus, the relationship between clock genes and

inflammatory cytokines appears to be solidly connected and
it is quite reasonable to conceive that the elevated cytokines’
concentration during midnight may be aggravating joint
symptoms in the morning.

Since most of clock genes individually inherent their
rhythm, expressions of those have been evaluated by discus-
sing both expression level and expression phase. Per1 and Per2
genes rhythmically express in mouse peripheral leukocyte, as
well as Per1/2 and Bmal1 in human peripheral leukocytes [29].
So, it has been considered that a fixed-point observation does
not necessarily reflect the characteristics of clock genes.

However, in this study, we collected patients’ blood sam-
ples at arbitrary timing during the outpatient clinic.

As shown in Figure 1, the counts of WBC and neutrophil
were decreased in TCZ-treated patients, consisting with a
previous research [30]. And given Figures 3 and 4, we could
approximately speculate disease activity and distinguish dis-
ease remission/LDA from MDA/HDA in RA patients with
high sensitivity and specificity with conveniently examining
the expression levels of the clock genes in leukocytes.

When investigating the interaction of clock genes in leu-
kocytes, as referred to Figures 2 and 5, expressions of Per2,
Cry2, E4bp4 were consistent in both in vivo and in vitro,
suggesting that expressions of Per2 and Cry2 could be solely
modulated by IL-6 and E4bp4 could be modulated by both
IL-6 and TNF-a in the monocytes. Further studies for the

Figure 4. ROC curves of the expressions of clock genes before/after treatments. The cutoff values, the sensitivities, the specificities and the AUCs are shown in
the figures.
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detailed relation among clock genes especially in cases with
RA patients should be required.

At the present time, DAS28-ESR is a universally used
index to estimate medical conditions of RA patients [31].
Also, multi-biomarker disease activity (MBDA) was recently
reported as a novel disease-assessing method correlated with
DAS28 while it is a merged evaluation of 12 molecules in
sera [32]. In addition to these indications, nevertheless types
of bDMARDs and timing of sample collection, we simply
propose that expressions of the clock genes, especially Per2,
E4bp4 and Rora, are also useful as biomarkers predicting
the disease activity and the efficacies of bDMARDs in RA.
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