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Arthritis is a common clinical manifestation of rheumatic
diseases. It can be a clinical feature in many rheumatic
diseases, including rheumatoid arthritis, spondyloarthritis,
crystal-induced arthritis, systemic lupus erythematosus, and
Sjogren’s syndrome. Joint inflammation and damage may
result in disability and morbidity. Understanding the patho-
genesis of inflammatory joint diseases remains a complex
problem, although the level of understanding has progressed
considerably in recent years. Knowledge of the pathogenesis,
diagnosis, and treatment of inflammatory joint arthritis will
lead to significant clinical benefit.

Based on this background, we assembled this special issue
for presenting recent advances and a better understanding
of inflammatory joint diseases, on aspects of pathogene-
sis, diagnosis, and treatment of inflammatory joint arthri-
tis, including rheumatoid arthritis, spondyloarthritis, and
osteoarthritis.

In this special issue, V. Romão compared effectiveness
of tocilizumab and TNF𝛼 inhibitors in rheumatoid arthri-
tis patients, showing that tocilizumab was associated with
greater likelihood of achieving DAS28, CDAI, and SDAI
remission/LDA and EULAR good response. I. Arstikyte
analyzed the influence of immunogenicity on the efficacy
of long-term treatment with TNF𝛼 blockers in rheumatoid
arthritis and spondyloarthritis patients. H. Cho studied the
effects of cyclooxygenase-2 (COX2) inhibitor and steroids
on matrix metalloproteinases (MMPs) and prostaglandin E2
(PGE2) production in osteoarthritis patients, demonstrating
that celecoxib and steroids exert similar effects on MMP-
1 and PGE2 production in vitro and that celecoxib may
demonstrate favorable effects on anabolic metabolism in

vivo. X. Cen studied the association between serum 25-
hydroxyvitamin D level and rheumatoid arthritis. G. Yin
demonstrated that Pim-2/mTORC1 pathway shapes inflam-
matory capacity in rheumatoid arthritis synovial cells
exposed to lipid peroxidations. X. Zhang designed a novel
DKK1 multiepitope DNA vaccine and evaluated its bone
protective effects on collagen-induced arthritis (CIA), which
provide a potential treatment for bone erosion in RA. S.
Joplin examined the effectiveness of measures to improve
patient medication adherence and proposed a new approach
to patient education using musculoskeletal ultrasound. M.
Westergaard studied the humoral immune response against
Epstein-Barr virus (EBV) in patients with rheumatoid arthri-
tis and found that RA patients had elevated antibodies of all
isotypes characteristics of latent EBV infection, notably, for
IgM and IgA (but not IgG); these were associated with the
presence of characteristic RA autoantibodies.

This special issue covers many important aspects in
inflammatory joint diseases, whichwill surely provide uswith
a better understanding about the pathogenesis, diagnosis, and
treatment of inflammatory joint diseases.
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Hindawi Publishing Corporation
BioMed Research International
Volume 2015, Article ID 973510, 1 page
http://dx.doi.org/10.1155/2015/973510

http://dx.doi.org/10.1155/2015/973510


Research Article
Designation of a Novel DKK1 Multiepitope DNA Vaccine and
Inhibition of Bone Loss in Collagen-Induced Arthritic Mice

Xiaoqing Zhang,1,2 Sibo Liu,1 Shentao Li,1 Yuxuan Du,1 Yunpeng Dou,1

Zhanguo Li,3 Huihui Yuan,1 and Wenming Zhao1

1Department of Immunology, School of Basic Medical Sciences, Capital Medical University, No. 10 Xitoutiao, You An Men,
Fengtai, Beijing 100069, China
2Department of Immunology, College of Medical Sciences, China Medical University, No. 77 Puhe Road, Shenyang North Area,
Shenyang, Liaoning 110122, China
3Department of Rheumatology & Immunology, Clinical Immunology Center, Peking University People’s Hospital,
No. 11 Xizhimen South Street, Beijing 100044, China

Correspondence should be addressed to Huihui Yuan; huihui yuan@163.com and Wenming Zhao; zhao-wenming@163.com

Received 28 November 2014; Accepted 5 January 2015

Academic Editor: Long Shen

Copyright © 2015 Xiaoqing Zhang et al.This is an open access article distributed under theCreative CommonsAttribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Dickkopf-1 (DKK1), a secretory inhibitor of canonical Wnt signaling, plays a critical role in certain bone loss diseases. Studies have
shown that serum levels ofDKK1 are significantly higher in rheumatoid arthritis (RA) patients and are correlatedwith the severity of
the disease, which indicates the possibility that bone erosion in RAmay be inhibited by neutralizing the biological activity of DKK1.
In this study, we selected a panel of twelve peptides using the softwareDNASTAR 7.1 and screened high affinity and immunogenicity
epitopes in vitro and in vivo assays. Furthermore, we optimized four B cell epitopes to design a novel DKK1 multiepitope DNA
vaccine and evaluated its bone protective effects in collagen-induced arthritis (CIA), a mouse model of RA. High level expression
of the designed vaccine was measured in supernatant of COS7 cells. In addition, intramuscular immunization of BALB/c mice with
this vaccine was also highly expressed and sufficient to induce the production of long-term IgG, which neutralized natural DKK1
in vivo. Importantly, this vaccine significantly attenuated bone erosion in CIA mice compared with positive control mice. These
results provide evidence for the development of a DNA vaccine targeted against DKK1 to attenuate bone erosion.

1. Introduction

Rheumatoid arthritis (RA), a chronic symmetrical autoim-
mune disease, is characterized by synovial inflammation and
proliferation accompanied by cartilage erosion and bone loss
[1]. More than one-third of patients eventually experience
employment disability and lower quality of life because
of this disease, which is largely responsible for the high
socioeconomic burden of RA [2]. Furthermore, mortality
rates in RA patients are higher than in the healthy population
[3].

The aim of RA treatment is the achievement of remis-
sion [4], but many RA patients who are judged by their
consulting rheumatologist to be in remission after receiving

conventional therapy still show structural deterioration [5].
Therefore, the long-term goals of treatment are to prevent
joint destruction and the comorbidities of the disease [3].
A number of reports have suggested that modern therapy
does not inhibit joint damage satisfactorily despite achieving
clinical remission [6].Therefore, the development of effective
agents to inhibit bone erosion in RA patients is urgent.

The canonical Wnt signaling pathway promotes bone
formation not only by stimulating the differentiation of
osteoblasts, increasing the growth rate of osteoblasts and
reducing their apoptosis but also by inhibiting osteoclasto-
genesis [7]. The canonical Wnt signaling pathway is trig-
gered by the association of secretory Wnt with its frizzled
(Fz) receptors and low density lipoprotein receptor-related
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protein 5/6 (LRP5/6) on the cell surface. This stabilizes
𝛽-catenin, which is eventually translocated into the nucleus,
and activates the TCF/LEF-mediated transcription of target
genes that elicit a variety of effects, including the induction
of osteoblast differentiation and proliferation [8]. Dickkopf-
1 (DKK1), a soluble and natural inhibitor of the canonical
Wnt signaling pathway, may play an active role in inhibiting
osteogenesis by binding the ligands ofWnt proteins [9, 10]. In
addition to LPR5/6, DKK1 was also found to bind to Kremen,
another cell surface coreceptor, forming a ternary complex
that is rapidly endocytosed, resulting in the depletion of
cell surface LRP5/6 [11]. Studies have demonstrated that the
levels of DKK1 in serum were significantly higher in RA
patients and were correlated with the severity of the disease
[12]. In a mouse model of RA, treatment with an anti-
DKK1 antibody has attenuated bone erosion [9]. Therefore,
DKK1 may be a promising therapeutic target for RA bone
loss.

Over the last 20 years, great progress has been made in
developing DNA vaccines [13]. DNA vaccines have many
advantages over conventional chemical agents, biological
agents, and protein vaccines in the treatment of diseases.
First, plasmid preparation is rapid and cost effective and
does not suffer from problems such as improper protein
folding. Plasmid DNA is highly stable and flexible, allowing
for the modification of plasmid sequences [14]. In addition,
the antigen presenting cells (APCs) process and present the
epitopes from antigens on MHC I and II molecules, thereby
inducing both humoral immunity and cellular immunity.
Active immunotherapy is feasible to reverse the disorders of
autoimmune diseases. DNA vaccines have proven effective in
animal models, including RA, Crohn’s disease, systemic ery-
thematosus lupus (SLE), and infectious diseases [15] and have
been extensively evaluated in humans. The advancements
of bioinformation software and molecular immunology pro-
moted the development of DNA vaccine [16]. Currently, 72
Phase I, 20 Phase II, and 2 Phase III clinical trials have been
identified [17].

In this study, we selected a panel of twelve peptides using
the software DNASTAR 7.1 and screened high affinity and
immunogenicity epitopes in vitro and in vivo assays. Then,
we optimized four B cell epitopes and designed a novel DKK1
multiepitope DNA vaccine, determined its immunogenicity,
and evaluated its protective effects. Our data demonstrated
that this DNA vaccine ameliorated bone erosion significantly
in mice with collagen-induced arthritis (CIA).

2. Materials and Methods

2.1. Cells and Mice. COS7 cells were grown in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with 5%
fetal bovine serum (FBS) in a humidified 5% CO

2
incubator

at 37∘C.
Six-week-old female BALB/c (H-2d) mice and 5-week-

old male DBA/1 mice (a CIA-susceptible mouse strain, H-
2q) were both purchased from HFK Biotechnology Co. Ltd.
All mice were maintained in a specific pathogen-free envi-
ronment. All animal experiments were performed according

to the guidelines of the Animal Care and Use Committee of
Capital Medical University.

2.2. Construction and Preparation of the DNA Vaccine. B cell
epitopes in the amino acid sequence of human DKK1 were
analyzed using the software DNASTAR 7.1. The separated
epitopes were synthesis from Invitrogen (Life Technologies,
California, USA). Subsequently, the indirect ELISA was
utilized to detect the affinity of separated epitopes. Simply,
96-well plates were coated with peptides (1 𝜇g/mL) overnight
at 4∘C. The DKK1 polyclonal antibodies (diluted 1 : 1000,
200𝜇L, R&D Systems, Minneapolis, MN, USA) were added
to wells and incubated overnight at 4∘C. After washing, the
HRP conjugate goat anti-human DKK1 secondary antibody
(100 𝜇L, diluted 1 : 2000, Southern Biotech, Birmingham,
AL, USA) was added and the plates were incubated for
1 h at 37∘C. Then, the peptides were immunized BALB/c
mice and the immunogenicity was measured as previously
described [18]. The reactions were stopped by the addition of
50 𝜇L of Stop Solution (R&D Systems), and OD450 readings
were measured with an ELISA plate reader. To reduce the
bioactivity of DKK1 vaccine, the peptides (100 𝜇g/injection,
intraperitoneally) were applied for a week. The tibias were
collected and an acid phosphatase kit (Sigma-Aldrich, St.
Louis, MO, USA) was used to demonstrate osteoclasts [19].

Four fragments in the DKK1 sequence (110–144aa, 153–
181aa, 182–216aa, and 228–253aa) with high affinity and
immunogenicity were selected to construct the multiepitope
DNA vaccine. The DNA sequences encoding four amino
acids (R203, H204, K211, and R236) in DKK1 were mutated
to glutamate to reduce the biological activity of DKK1 [20].
AAY spacers between two adjacent epitope fragments were
used to link the four selected epitopes. A Th2 cell epitope
was added at both sequence termini. Finally, the signal
peptide of human DKK1 was added at the N-terminus of the
sequence.The synthetic nucleotide sequence, named DP, was
incorporated into the expression vector pCMV6-XL5 using
a standard DNA recombination procedure, resulting in the
recombinant plasmid pCMV-DP. Plasmids for immunization
were extracted and purified from transformed Escherichia
coli strain DH5𝛼 using an endotoxin-free plasmid extraction
kit (Roche, Mannheim, Germany) according to the manu-
facturer’s instructions. The purified plasmids were adjusted
to a concentration of 1mg/mL in sterile saline and stored at
−80∘C.

2.3. Transfection of Plasmid pCMV-DP into COS7 Cells.
COS7 cells were cultured in a 6-well tissue culture plate
until the cells reached approximately 60% to 80% confluence.
The cells were transfected with the purified plasmid DNA
using TurboFect in vitro Transfection Reagent (Fermentas,
ThermoScientific, Pittsburgh PA, USA) according to the
manufacturer’s instructions. Briefly, 4 𝜇L of plasmid DNA
(1mg/mL) was diluted in 390𝜇L of serum-free DMEM.
TurboFect reagents (6 𝜇L) were added to the diluted DNA.
After immediate mixing and incubation for 20min at room
temperature, 400 𝜇L of the mixture was distributed dropwise
into culturedCOS7 cells in a 6-well plate.The transfected cells
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were cultured for 72 h. Cell lysates and culture supernatants
were collected for further analyses.

2.4. Western Blotting of the Expressed Multiepitope Protein
in Cell Lysates. The proteins in the COS7 cell lysates were
separated on a 12% SDS-PAGE gel and transferred onto a
nitrocellulose membrane by electroblotting. The membrane
was blocked with 5% nonfat dry milk in TBST (TBS with
0.05% Tween-20) for 1 h at room temperature and then incu-
bated with a polyclonal rabbit anti-DKK1 antibody (1 : 1000,
Millipore) in TBST containing 0.25% bovine serum albumin
overnight at 4∘C. After washing three times with TBST,
the membrane was incubated with horseradish peroxidase-
(HRP-) conjugated goat anti-rabbit IgG (1 : 10000, Protein-
Tech Group, Chicago, USA) for 1 h at room temperature.
After washing three times, the membrane was exposed to
a SuperSignal West Pico stable peroxide solution (Pierce,
ThermoScientific, Pittsburgh, PA, USA).

2.5. Enzyme-Linked ImmunosorbentAssay (ELISA)Analysis of
the Expressed Multiepitope Protein in the Cell Culture Super-
natant. The protein secreted in the cell culture supernatant
was detected with ELISA. Briefly, 96-well plates were coated
with a goat anti-human DKK1 antibody (200 ng/mL, R&D
Systems, Minneapolis, MN, USA) overnight at 4∘C. The cell
culture supernatant (200𝜇L) was added to the wells and was
incubated overnight at 4∘C. After incubating with 100𝜇L of a
goat anti-human DKK1 antibody (50 ng/mL, R&D Systems)
for 2 h at 37∘C, 100 𝜇L of a working dilution of Streptavidin-
HRP was added to each well. Color was developed by the
addition of a substrate solution of orthophenylene diamine
(OPD) for 20min at 37∘C. The reaction was stopped by the
addition of 50 𝜇L of 2M H

2
SO
4
. The absorbance was read at

450 nm by a microplate reader (Thermomax Technologies).

2.6. Immunohistochemical Analysis of theMultiepitope Protein
In Vivo. BALB/c mice were injected intramuscularly with
100 𝜇g of plasmid pCMV-DP or empty vector pCMV. Seven
days later, the injected muscles were surgically removed
and frozen sections were prepared. The sections were dried
for 45min at room temperature, fixed with anhydrous ace-
tone, and then incubated with 0.05% H

2
O
2
for 20min to

quench the endogenous peroxidase. After blocking with 5%
horse serum, the sections were incubated with a goat anti-
human DKK1 antibody (5 𝜇g/mL, R&D Systems) overnight
at 4∘C. The next day, the sections were incubated with a
HRP-conjugated donkey anti-goat IgG (1 : 1000, ProteinTech
Group) for 1 h at room temperature.The positive signals were
detected with 3, 3 diaminobenzidine (DAB, R&D Systems).

2.7. Immunization and Serum Collection. For DNA immu-
nization experiments, 6-week-old female BALB/c mice (𝑛 =
6) were injected intramuscularly (i.m.) with plasmid pCMV-
DP three times at weeks 0, 2, and 4. Mice (𝑛 = 6)
immunized with empty vector pCMV served as negative
controls. Intramuscular injection of plasmid DNA followed
by electroporation (DNA + EP) was performed as previ-
ously described [21]. Briefly, 100 𝜇g of plasmid pCMV-DP

was injected intramuscularly in one tibialis anterior muscle
using a 27-gauge needle. Immediately after the injection,
electroporation with 6 electric pulses was applied through
a pair of silver electrodes spaced 3mm apart covering the
i.m. injection site. The electric pulses were 50ms in duration
and 1 s apart at a voltage of 60V (i.e., 200V/cm). From the
first injection,mouse serum samples were collected at 2-week
intervals and stored at −80∘C.

2.8. Antibody Assay. The antibodies against human DKK1
were evaluated using ELISA. Briefly, 96-well microtiter plates
were coated with 100𝜇L of recombinant human DKK1 pro-
teins (200 ng/mL, R&D Systems) and incubated overnight
at 4∘C. After washing three times with PBST (PBS with
0.05% Tween-20), the plates were blocked with 200 𝜇L of
1% bovine serum albumin (BSA) in PBST for 2 h at 37∘C.
After washing, 100𝜇L of diluted serum (1 : 200) was added
to each well. Then, the plates were incubated for 2 h at
37∘C and washed five times with PBST. HRP-conjugated
goat anti-mouse IgG secondary antibodies (100 𝜇L) (1 : 10000,
ProteinTech Group) were added to each well followed by
incubation for 1 h at 37∘C. Next, the plates were washed five
times with PBST. After adding the substrate solution and stop
solution, the absorbance was read at 450 nm by a microplate
reader (Thermomax Technologies). The end-point titer of
antibodywas determined in the sameway.The serum samples
were serially diluted from 1 : 200 to 1 : 12800.

2.9. Preparation and Evaluation of Collagen-Induced Arthritis
Mouse Model. DBA/1 mice (𝑛 = 6) were immunized with
plasmid pCMV-DP three times at 2-week intervals as
described above. Control mice (𝑛 = 6) were immunized with
an equal amount of empty vector pCMV. One week after the
final immunization, all mice were injected intradermally at
the base of the tail with 100 𝜇g of bovine C II emulsified
with complete Freud’s adjuvant (CFA) containing 4mg/mL
of heat-killedMycobacterium tuberculosis. On day 21, the ani-
mals were given a booster injection with 100𝜇g of bovine C II
dissolved in incomplete Freud’s adjuvant (IFA) [22]. Animals
were observed and recorded every 3 days after disease onset.
Clinical scores were assigned to evaluate the disease severity
as follows: 0: no signs of arthritis; 1: swelling and/or redness
of one paw or one digit; 2: two joints involved; 3: three or
more joints involved; and 4: severe arthritis of the entire paws
and digits. Each limb was graded independently, resulting in
a maximal clinical score of 16 per affected animal [23].

2.10. Microcomputer Tomography (CT) Scanning. To deter-
mine the protective effects of the DNA vaccine, 40 days
after the challenge with bovine C II, a micro-CT-200 system
(AlokA latheta Laboratory, Japan) was employed to detect the
bone mineral density (BMD) and the degree of bone erosion
after the mice were anaesthetized with chloral hydrate (10%).
X-ray images were analyzed by reconstructed 3D quantitative
analyses using the software VGstudio MAX 2.0.

2.11. Histopathology. Murine hind paws were removed post-
mortem, stored in 10% neutral formalin, decalcified in 20%
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Figure 1: Designation of the DNA vaccine.(a) B cell epitope scanning of human DKK1 was performed with the software DNASTAR 7.1. (b)
The affinity of epitopes was measured by indirect ELISA. (c) The separated epitopes were immunized BALB/c mice and the immunogenicity
of epitopes was measured by sandwich ELISA. (d) The separated epitopes were injected to BALB/c mice for seven days. TRAP staining was
performed to identify the mature osteoclasts. Magnification: 200x; data are expressed as the mean ± SEM.

ethylenediaminetetraacetic acid (EDTA) for 6 weeks, and
then dehydrated and embedded in paraffin. Sections were cut
along the longitudinal axis and stained with toluidine blue
(TB) as previously described [18].

2.12. Statistical Analysis. Data were analyzed using the soft-
ware SPSS (version 16.0) and presented as the mean ± SEM.
Differences between two groups ofmicewere compared using
Student’s 𝑡-test. A 𝑃 value less than 0.05 was considered to be
statistically significant.

3. Results

3.1. Construction of the DNA Vaccine. According to the
analysis of the potential B cell epitopes in human DKK1 by
the epitope prediction software DNASTAR 7.1, a panel of
twelve peptides fragments was synthesized (Figure 1(a)). In
addition, to select the high affinity and immunogenicity of
synthesis peptides, the titers of peptides were determined
and the peptides of grey-blue columns were candidates to
design DNA vaccine (Figures 1(b)-1(c)). Furthermore, to
decrease the pathological functions of DKK1 in peptides,
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Figure 2: Construction of the DNA vaccine. (a)Themaps of recombinant DKK1DNA vaccine. (b)The amino acid sequence of humanDKK1.
(c)The recombinant amino acid sequence of DKK1 DNA vaccine. Red line, 110–144aa; green line, 153–181aa; orange line, 182–216aa; blue line,
228–253aa; black line, signal peptide; box, PADRE.

the osteoclast-forming assay was performed. Compared
with controls, no significant osteoclastogenesis was observed
in peptides-treatment group (Figure 1(d)). The synthetic
nucleotide sequence with muted four amino acids encoding
the DNA vaccine was cloned in the eukaryotic expression
vector pCMV6-XL5 (Figure 2).

3.2. Expression of the Multiepitope Chimera Gene In Vitro and
In Vivo. The expression of the multiepitope DNA vaccine in
vitro was evaluated in COS7 cells. ELISA showed that the
multiepitopeDNA vaccine recombinant protein of DKK1was
secreted abundantly and was recognized by its polyclonal
antibodies (Figure 3(a)). In addition, Western blotting also
showed that COS7 cells transfected with plasmid pCMV-
DP highly expressed the recombinant protein (Figure 3(b)).
To assess the expression of the target protein in vivo, the
injected muscles of mice were further stained with an anti-
DKK1 antibody.The expression of recombinant protein in the
DKK1 DNA vaccine was much higher in the muscles at the
injected site than in the control group (Figure 3(c)). Due to

these observations, we concluded that the multiepitope gene
was expressed in eukaryotes both in vitro and in vivo.

3.3. The DNA Vaccine Induced a Specific Antibody. A specific
anti-human DKK1 antibody was identified in BALB/c mice
immunized with plasmid pCMV-DP. The serum IgG titer
began to increase as early as 4 weeks after the primary
immunization and reached its peak at 6 weeks (Figure 3(d)).
The end-point titer of the specific antibody was also deter-
mined to evaluate its neutralizing effects in vitro (Figure 3(e)).
Although the end-point titer of anti-DKK1 was only 1 : 1600,
the specific antibody existed persistently in the serum up to 6
months after immunization.

3.4. Induction of Arthritis in DBA/1 Mice. DBA/1 mice were
injected with bovine C II twice at 3-week intervals after
immunization. The signs of arthritis appeared around day 24
after injection with bovine C II and continued to develop
at later time points. The disease incidence was 83% in
prevaccinated mice and 100% in the positive control mice
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Figure 3: Expression and immunogenicity of the DNA vaccine. (a–c) Expression of the multiepitope protein in vitro and in vivo were
determined in cell culture supernatants by ELISA, cell lysates byWestern blotting, and themuscles of mice by immunohistochemical analysis.
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on day 39. Paw erythema and swelling also became more
severe with time in control mice than the DKK1 vaccine
group (Figures 4(a) and 4(b)). In addition, the infiltration
of inflammatory cells was reduced in the vaccine-immunized
mice compared with the controls (Figure 4(c)).

3.5. The DNA Vaccine Attenuated Bone Erosion in CIA Mice.
We further evaluated the amelioration of arthritic bone, and
the joint structure was well conserved in the vaccinated mice
compared with the positive control mice as demonstrated
by microcomputer tomography (CT) scanning (Figure 4(d)).
The total bone mineral density (BMD) of the mice in the
vaccinated groups was significantly higher than that in the
positive control group (Figure 4(e)). The results of TB stain-
ing showed that the degree of overall destruction of cartilage
was reduced markedly in the arthritic paws of vaccinated
mice compared with the positive controls (Figure 4(f)). The
results of micro-CT scanning and TB staining demonstrated
that the DNA vaccine attenuated bone erosion in CIA
mice.

4. Discussion

DNA vaccines, also termed nucleic acid vaccines or gene
vaccines, were first described in the 1990s when Wolff found
that DNA could be taken up and expressed by mouse skeletal
muscle cells in vivo [24]. It is generally thought that the gene
of interest in a eukaryotic expression vector is translated into
antigen protein using the cellular expression system of the
host. Subsequently, the antigen protein stimulates the host
to generate an immune response. Compared with traditional
vaccines, the greatest advantage of DNA vaccines is their abil-
ity to elicit both humoral immunity and cellular immunity.
Simultaneously, they are simple to prepare, easy to deliver,
and relatively safe to apply. Therefore, DNA vaccination is
a promising new technology for the prevention and therapy
of diseases, such as infectious diseases, autoimmune diseases,
and cancers.

In this study, we constructed a DNA vaccine targeting
human DKK1, a major contributor to bone loss in RA. We
expected to use this vaccine to inhibit bone erosion in a RA
mouse model through the blockade of the biological activity
ofDKK1.We have adopted optimization strategies to improve
the antigen expression and the immunogenicity of the DNA
vaccine, which are discussed below.

4.1. Construction Strategies for the DNA Vaccine. To produce
specific antibodies, B cell epitopes of DKK1 were the first
choice to construct the DNA vaccine. To increase the titer
of specific antibodies, we combined the predictions of the
software DNASTAR 7.1 and the affinity and immunogenicity
assays. To reduce their potential bone resorption of natural
DKK1, the synthesis epitopes were injected to BALB/c and
no significant osteoclastogenesis was observed. These data
demonstrated that these separated epitopes were safe as a
vaccine utilized in vivo. To increase the immunogenicity of
the DNA vaccine as expressed in the host, the key binding
sites of DKK1 (R203, H204, K211, and R236) to LRP5/6

and Kremen were mutated. At the same time, the mutated
protein expressed in vivo enhanced the immunogenicity of
the vaccine [20]. To facilitate the epitope processing, the four
selected epitopes were separated from one another with AAY
spacers [25]. AAYs expressed inside the selected epitopes
were easily recognized by proteasomes, and the full-length
protein was more easily processed and presented in vivo.
DKK1 is expressed naturally in the body. To further increase
the immunogenicity of the recombinant DNA vaccine, the
pan DR T helper epitope (PADRE) was added to enhance
antibody responses [26]. Finally, the signal peptide for
human DKK1 was added at the N-terminus of the DNA
vaccine to facilitate the extracellular secretion of the protein
antigen.

4.2. Immunization Strategies. The DNA vaccine delivery
method is one of themost important factors that affect immu-
nization efficiency. The methods for DNA vaccine delivery
currently used include intramuscular, intraperitoneal,
intravenous, intradermal, subcutaneous injection, and
others. The delivery method for the plasmid directly affects
the uptake of the gene and further affects the expression of
the target protein. Intramuscular injection is the earliest and
simplest method for DNA delivery. However, the majority of
the administered plasmid DNA was blocked by perimysia of
the skeletal muscles, where most of the DNA was degraded
by DNase I in the plasma. Less than 1% of the DNA actually
entered the nucleus [27]. Recently, electroporation has been
used for DNA vaccine delivery and has proven to be a better
DNA delivery method. In this study, intramuscular injection
of plasmidDNA followed by electroporation (DNA+EP)was
employed. The DC electric current disrupts cell membranes
for a short time, allowing the plasmidDNA to cross themem-
branes into the nucleus [28]. In addition, the electric current
causes cell destruction and a local inflammatory reaction. A
large number of inflammatory cells, including macrophages
and other antigen-presenting cells, infiltrated the injected
muscles, which enhanced the efficiency of antigen
presentation. In our study, the highly specific IgG antibodies
in serumwere induced as early as 4weeks, which also demon-
strated the efficiency of the electroporation of the DNA
vaccine.

5. Conclusions

DKK1, a negative regulator of the canonical Wnt signaling
pathway, plays an important role in RA bone destruction.
Inhibition of its biological functions can attenuate bone
destruction in RA [9]. Our results showed that the recom-
binant human DKK1 multiepitope DNA vaccine induced
specific antibodies that effectively neutralized the biological
activities of DKK1 and attenuated bone destruction in CIA
mice. This study may provide a potential therapy for RA and
other bone loss diseases.
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The objective of this study is to examine and evaluate whether serum 25(OH)D is associated with disease activity in patients
with rheumatoid arthritis (RA). Our results suggested that serum 25(OH)D in RA groups has significant lower level (35.99 ±
12.59 nmol/L) than that in the normal groups (54.35± 8.20 nmol/L, 𝑃 < 0.05). Based on the DAS28, patients with RA were divided
into four subgroups, and no differences were found in the four groups (𝑃 > 0.05). The 25(OH)D levels in complete remission,
low disease activity, middle disease activity, and high disease activity group were 32.86 ± 12.26, 33.97 ± 13.28, 38.41 ± 10.64, and
38.94 ± 13.35 nmol/L, respectively. Based on the serum 25(OH)D levels, patients with RA were divided into inadequate group and
normal group, and there were no significant differences in baseline characteristics and disease activity in the two groups. Our results
showed that serum 25(OH)D levels in the inadequate group are significantly lower than those in the normal group. However, no
correlations were found between 25(OH)D levels and disease activity among 116 patients with RA. The present findings will help
to understand the association between 25(OH)D and disease activity of RA.

1. Introduction

Vitamin D has important functions in physiological pro-
cesses, and vitamin D deficiency may play a role in patho-
physiological processes and has increasingly been recognized
as an important human health problem. 25-hydroxyvitamin
D [25(OH)D], the accepted measure of vitamin D status,
has been linked to several pathological states, including
cardiovascular diseases, inflammatory disease, and high all-
cause mortality in the general population [1]. Recent stud-
ies showed that 25(OH)D not only regulates calcium and
phosphorus metabolism, but also plays a role in regulat-
ing immune and anti-inflammatory activities by adjusting
growth and differentiation of macrophages, dendritic cells,
T lymphocytes, and B lymphocytes, inhibiting inflammatory
factors such as TNF-𝛼, and promoting generation of anti-
inflammatory factors such as IL-4 and IL-10 [2, 3].

Rheumatoid arthritis (RA) is a chronic inflammatory
autoimmune disease characterized by synovitis. The aeti-
ology and pathogenesis of RA remain obscure and many
factorsmay be associated with its pathogenesis. 25(OH)D has

immunoregulatory activities, so it is an important factor that
may increase the prevalence of many autoimmune diseases
such as RA and systemic lupus erythematosus [4, 5]. Increas-
ing findings also supported that low or deficient levels of
25(OH)D may be associated with an increased risk for the
development of RA [5–7]. Recently, the role of vitamin D
deficiency in the pathogenesis of RA, as well as the relation-
ship between vitamin D deficiency and the activity of RA, is
discussed [8]. However, several studies have demonstrated a
significant negative correlation between serum 25(OH)D lev-
els and the activity of RA [6, 9–12]. Moreover, no correlation
between serum 25(OH)D levels and the activity of RA was
also observed in some reports [13–15]. Although these contro-
versies still have not shown whether 25(OH)D deficiency is a
primary phenomenon or an outcome of RA, these findings
will help to understand the association between 25(OH)D
and disease activity of RA. Thus, the objective of this study
was performed to analyze the 25(OH)D levels in RA patients
and healthy people and investigate the association between
the serum levels of 25(OH)D

3
and disease activity of RA

patients from Southwest China.
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2. Methods

2.1. General Data. RA patients (𝑛 = 116) and normal people
(𝑛 = 50) were collected and admitted to Department of
Rheumatology and Immunology, West China Hospital of
Sichuan University, from June 2013 to December 2013. Par-
ticipants were initially screened by telephone, and full assess-
ments were conducted only for participants who did not
report any exclusion criteria during the telephone screening.
All participants provided written informed consent approved
by the Hospital Human Research Ethics Committee of West
China Hospital. All the cases included in the research were
checked in by strict diagnosis standard. They were divided
into two groups, the normal (𝑛 = 50) and RA (𝑛 = 116)
group.The RA group includes 93 female and 23male patients
with RA diagnosed by Department of Rheumatology and
Immunology,West ChinaHospital of SichuanUniversity.The
control group includes 40 females and 10males, which has no
significant differences on sex and age with the RA group.

2.2. Inclusion and Exclusion Standards. Patients with RA in
the clinical trials should be up to the standard as follows: (1)
those who meet the diagnosis standard and modified clas-
sification of the American College of Rheumatology (ACR,
1987) [16] and (2) those who are beyond 18 years old. Patients
with any of the following phenotypes should be excluded out
of the clinical trials: (1) those who do not meet the diagnostic
and modified classification standard; (2) those who are not
beyond 18 years old; (3) those who have systemic lupus ery-
thematosus, Sjogren syndrome, and other connective dis-
eases; (4) those who have a damage in cardiovascular system,
lung, kidney, and/or other organs.

2.3. Baseline Analysis. Clinical data of patients in the RA
group were collected, including gender, age, height, weight,
course of disease, swollen joint count, tender joint count,
duration ofmorning stiffness, patient activity scale, C reactive
protein (CRP), erythrocyte sedimentation rate (ESR), and
rheumatoid factor (RF). Body mass index (BMI) and Disease
Activity Score-28 (DAS28) of RA patients were calculated.
Basic data of participants in the control group were collected,
including gender, age, weight, and height, and BMI of each
participant was calculated.

2.4. Analysis of Serum 25(OH)D Concentration. 3mL fasting
blood samples of each participant in the RA and normal
groups were centrifuged. Serum was applied for the mea-
surement of 25(OH)D concentration using enzyme-linked
immunosorbent (ELISA) method. The vitamin D kit of the
British Immunodiagnostic Systems (IDS) was used. Corre-
lation of 25(OH)D and disease activity of RA in the RA
and control groups was analyzed. Moreover, RA group was
divided into four subgroups according to DAS28 score,
and further explore the association of between the val-
ues of DAS28 score and 25(OH)D levels in RA patients.
According to the 25(OH)D levels, patients of RA were
divided into reduced group (<50 nmol/L) and normal group

Table 1: Participant characteristics of patients in the RA and control
groups.

Variable RA Controls 𝑃 value
Age (years) 50.1 ± 10.9 48.1 ± 10.3 0.283
Ratio of female :male 93 : 23 40 : 10 0.980
Weight (kg) 57.5 ± 9.0 58.1 ± 8.0 0.686
Height (cm) 160.9 ± 6.4 161.6 ± 6.1 0.568
BMI (kg/m2) 22.2 ± 2.9 22.2 ± 2.1 0.970

(>50 nmol/L). The association between clinical data and
disease activity in two groups was analyzed to explore the
correlation of these parameters and 25(OH)D level.

2.5. Statistical Analysis. Statistical analysis was carried out
using SPSS Version 19.0 for Windows. Data are presented
as mean or median. The continuous variables that fit the
Gaussian distribution were compared by using the indepen-
dent samples 𝑡 test, and the other parameters are compared
by using the chi-square test. 𝑃 values lower than 0.05 were
regarded as statistically significant difference.

3. Results

3.1. Baseline Characteristics. Participant characteristics of
patients in the RA and control groups were shown in Table 1.
In the RA group, a total of 116 patients with the average age of
50.1 ± 10.9 years were included in this study, and the ratio of
male and female was 1 : 4.04. The average height was 160.9 ±
6.4 cm, the average body weight was 57.5±9 kg, and themean
body mass index (BMI) was 22.2 ± 2.9 kg/m2. In the control
group, their average agewas 48.1±10.3 years, the ratio ofmale
and female was 1 : 4, their average height was 161.6 ± 6.1 cm,
the average body weight was 58.1 ± 8 kg, and the mean BMI
was 22.2 ± 2.1 kg/m2. These results showed that there were
no reliable differences in age, gender, height, body weight,
and BMI in two groups (𝑃 > 0.05).

3.2. 25(OH)D Levels in the RA and Control Groups. Table 2
presents the clinical characteristics of the study subjects
according to the level of 25(OH)D. As shown in Table 2,
25(OH)D levels of the peripheral blood in the RA groups
were lower than those in the control groups (𝑃 < 0.05).
The percentage of 25(OH)D less than 25 nmol/L in the RA
groups was significantly higher than those in the control
groups (22.4% versus 0, 𝑃 < 0.05, Table 2).The percentage of
25(OH)D from 25 to less than 50 nmol/L was 2.13-fold higher
in the RA groups than those in the control groups (63.8%
versus 20%, 𝑃 < 0.05, Table 2). However, the percentage of
25(OH)D with higher than 50 nmol/L in the RA groups was
significantly lower than those in the control groups (13.8%
versus 70%, 𝑃 < 0.05, Table 2). These results indicated that
the percentage of patients with vitamin D inadequate and
deficiency in theRAgroupwas significantly higher than those
in the control group, and there were statistically significant
differences (𝑃 < 0.05).
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Table 2: Distribution of 25-hydroxyvitamin D level in the RA and control groups.

25(OH)D level RA (𝑛 = 116) Controls (𝑛 = 50) 𝑃 value
Tested level (nmol/L) 35.99 ± 12.59 54.35 ± 8.20 <0.05
Deficiency (≤25 nmol/L) 26 (22.4%) 0 (0) <0.05
Insufficiency (25–50 nmol/L) 74 (63.8%) 15 (30%) <0.05
Normal level (≥50 nmol/L) 16 (13.8%) 35 (70%) <0.05

Table 3: Differences of level of 25(OH)D in peripheral blood of four
subgroups in the RA group.

Subgroups Vitamin D level (nmol/L) 𝑃 value∗

DAS28 < 2.6 32.86 ± 12.26 >0.05
2.6 ≤ DAS28 < 3.2 33.97 ± 13.28 >0.05
3.2 ≤ DAS28 ≤ 5.1 38.94 ± 13.35 >0.05
DAS28 > 5.1 38.41 ± 10.64 >0.05
∗P values were obtained from the comparison of 25(OH)D levels among the
subgroups.

3.3. 25(OH)D Levels in the RA Subgroups. Based on the
Disease Activity Score-28 (DAS28), these patients with RA
were stratified into four subgroups as follows: complete
remission (DSA28 < 2.6), low disease activity (2.6 ≤DAS28 <
3.2), moderate disease activity (3.2 ≤ DAS28 ≤ 5.1), and high
disease activity (DAS28 > 5.1). Table 3 shows the differences
of 25(OH)D levels in peripheral blood of four subgroups
patients. As shown in Table 3, the 25(OH)D levels of complete
remission, low disease activity, middle disease activity, and
high disease activity groups were 32.86 ± 12.26, 33.97 ±
13.28, 38.41 ± 10.64, and 38.94 ± 13.35 nmol/L, respectively.
No significant differences were observed between complete
remission and low disease activity group. Similar results were
also found between middle disease activity and high disease
activity group.

3.4. Comparison Analysis of RA Patients with 25(OH)D Defi-
ciency and Normal Level Groups. Based on the 25(OH)D
levels, these patients with RA were divided into 25(OH)D
deficiency (𝑛 = 100) and normal (𝑛 = 16) groups. Table 4
showed the results of comparison analysis of RA patients with
25(OH)Ddeficiency and normal groups. As shown inTable 4,
there were no significant differences in age, sex, height,
weight, BMI, disease duration, swelling and tenderness joint
count, duration of morning stiffness, visual analogue scale
(VAS), C-reactive protein (CRP), erythrocyte sedimentation
rate (ESR), rheumatoid factor (RF), and DAS28 score (𝑃 >
0.05).

4. Discussion

RA is a chronic inflammatory autoimmune disease, mainly
involving joint synovial membrane causing joint deformities.
RA may cause bone loss and damage around joint [4, 5].
Reports have indicated that 90% of patients with RA symp-
toms will develop the radiological changes of joints damage
during two years [17]. Studies have also found that T cells and
cytokines play an important role in the pathogenesis of RA

[18]. 25(OH)D is one of essential steroid hormones, which
is involved in bone metabolism and immune regulation.
Vitamin D receptors exist on the T and B lymphocytes,
macrophages, and dendritic cells. After 25(OH)D combined
with these receptors, they will regulate cell proliferation and
differentiation and further inhibit the release of inflammatory
factors. Then, they will play important roles in regulation
of immune responses [19]. Thus, 25(OH)D may not only
improve osteoporosis symptom of patients with rheumatoid
arthritis but also play an important role in the regulation of
immune system.

There has been a rapid growth in interest in the role
of vitamin D in health and disease. 25(OH)D levels have
been studied in RA. Previous reports have shown that serum
25(OH)D deficiency and inadequate is found in about 34–
84% and 12–52% of RA patients, respectively [6, 10–12, 14, 15].
Several studies have also shown that serum 25(OH)D levels
of patients with RA are significantly lower than those in the
control group. Other studies reported that there were no
significant differences in serum levels of 25(OH)D

3
between

RA patients and healthy controls [12, 20, 21]. These findings
suggested that the proportion of patients with 25(OH)D
deficiency and inadequate may be variable and related to
population race, region, diet, sample size, age, sex, BMI, and
other factors. In the present study, our results demonstrated
that the percentages of patients with 25(OH)D deficiency and
inadequate in RA group are 63.8% and 22.4%, respectively.
This is close to the results of Furuya et al. [11]. Moreover,
our results also showed that the serum 25(OH)D levels were
significantly lower in tested RA patients than those in healthy
controls. There were no significant differences in age, sex,
height, weight, BMI, and so forth, showing that the lower
level of serum 25(OH)D

3
may be one of risk factors in the

pathogenesis of rheumatoid arthritis.
In the previous study, the association between 25(OH)D

levels and disease activity of rheumatoid arthritis still remains
controversial.This may stem from the fact that 25(OH)D val-
ues are easily affected by population race, region, diet, sample
size, age, sex, BMI, and other factors. Some studies confirmed
that the reduction of serum 25(OH)D in patients of RA was
negatively correlated with clinical indexes (joint swelling,
joint tenderness, ESR, etc.) and disease activity index DAS28
[6, 9–12]. However, some reports indicated that there was no
relation between 25(OH)D deficiency and disease activity in
RA [13–15]. The present study suggested that no statistical
difference was found among four subgroups in the RA
group based on the classification of DAS28 value. Moreover,
our findings also indicated that no significance between
25(OH)D deficiency and normal level groups was found
under the comparison analysis of clinical parameters and
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Table 4: Comparison analysis of RA patients with 25(OH)D deficiency and normal levels groups (<50 nmol/L).

Characteristics Deficiency (𝑛 = 100) Normal level (𝑛 = 16) 𝑃 value
Age (years) 49.8 ± 10.8 52.3 ± 11.7 0.684
Female :male ratio 81 : 19 12 : 4 0.580
Weight (kg) 57.5 ± 8.7 58.0 ± 10.9 0.608
Height (cm) 160.7 ± 6.2 162.2 ± 7.8 0.503
BMI (kg/m2) 22.2 ± 3.0 21.9 ± 2.3 0.149
Disease duration (months) 43.5 (3, 468) 36.0 (3, 316) 0.957
DAS28 3.5 ± 1.8 4.09 ± 1.6 0.779
Patient global VAS (cm) 3.3 ± 3.1 4.2 ± 3.1 0.948
Swollen joint count (0–28) 3.9 ± 5.4 5.3 ± 7.1 0.302
Tender joint count (0–28) 5.1 ± 6.5 6.9 ± 7.1 0.775
ESR (mm/H) 33.5 (4, 102) 36.5 (6, 78) 0.360
CRP (mg/L) 5.1 (1, 78) 5.7 (3.2, 17.7) 0.595
RF (IU/ml) 63.5 (20, 2220) 107.5 (20, 1900) 0.009

DAS28 scores in these RA patients. Based on the above
results, the present findings indicated that serum 25(OH)D
levels might be not associated with the disease activity of RA.

5. Conclusion

In summary, the present study suggested that serum
25(OH)D level might be significantly associated with the
pathogenesis of RA. However, the serum values of 25(OH)D
are not a good indicator of disease activity of RA patients. As
serum 25(OH)D

3
levels are not independent and/or influ-

enced by many factors, such as region, season, and gender,
further research will focus on the cross-regional and large
sample to understand the association between 25(OH)D and
RA in Southwest China.
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Rheumatoid arthritis is a systemic autoimmune disease characterized by chronic inflammation of multiple joints, with disruption
of joint cartilage.The proliferation of synovial fibroblasts in response tomultiple inflammation factors is central to the pathogenesis
of rheumatoid arthritis. Our previous studies showed that 4-HNE may induce synovial intrinsic inflammations by activating NF-
𝜅B pathways and lead to cell apoptosis. However, the molecular mechanisms of how synovial NF-𝜅B activation is modulated
are not fully understood. Here, the present findings demonstrated that 4-HNE may induce synovial intrinsic inflammations by
mTORC1 inactivation. While ectopic activation of mTORC1 pathway by the overexpression of Pim-2 may disrupt the initiation of
inflammatory reactions and maintain synovial homeostasis, our findings will help to uncover novel signaling pathways between
inflammations and oxidative stress in rheumatoid arthritis development and imply that Pim-2/mTORC1 pathway may be critical
for the initiation of inflammatory reactions in human rheumatoid arthritis synovial cells.

1. Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory disease
of synovium that can lead to severe joint damage [1]. The
central pathogenesis of rheumatoid arthritis is the prolifer-
ation of fibroblast-like synoviocytes (FLSs) in response to
stimulators [2, 3]. During the process of FLSs proliferation,
inflammatory responses are critical for rheumatoid arthritis
development [4, 5]. Synovial inflammatory responses are
mainly induced by products of autocrine, but also paracrine
molecules produced by infiltratingmononuclear cells, such as
tumor necrosis factor alpha (TNF-𝛼) and interleukin (IL)-1𝛽,
IL-6, and IL-17 [5]. Therefore, the initiation and proceeding
of inflammatory reactions might be critical for rheumatoid
arthritis development.

Since inflammatory reactions are important for synovial
homeostasis, the precise regulation of inflammation must be
well achieved. And one of the central regulators is nuclear

factor kappa beta (NF-𝜅B) [6, 7]. It has been long appreciated
that NF-𝜅B is a significant transcription factor that functions
in immune and inflammatory responses, stress responses,
apoptosis, and differentiation. For example, NF-𝜅B plays a
pivotal role in myocardial ischemia-reperfusion injury and
induces many proinflammatory cytokines and chemokines
which will greatly contribute to myocardial I-R injury [8].
Moreover, NF-𝜅B is also considered to act as a redox sensitive
transcription factor that has been proposed to be the sensor
for oxidative stress [9]. Thus, NF-𝜅B activity is important for
inflammatory reactions.

Notably, among all the regulators of NF-𝜅B activation,
mammalian target of rapamycin complex 1 (mTORC1) is of
great significance, which is involved in differentially regulat-
ing the levels of pro- and anti-inflammatory cytokines pro-
duced by innate immune cells [10]. Studies using the
mTORC1 inhibitor rapamycin have reported that mTORC1
activity plays an important role in NF-𝜅B activation and
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inflammation [11–13]. For example, inhibition of mTORC1
in lipopolysaccharide- (LPS-) stimulated cells has been
shown to attenuate the phosphorylation of several targets of
mTORC1, including p70S6K and 4E (eIF4E) binding protein
1 (4EBP1), as well as decreasing the levels of phosphorylated
STAT3 (p-STAT3) [14]. In contrast, mTORC1 inhibition
potently increased NF-𝜅B activity, leading to enhanced IL-
12 production by LPS-stimulated cells [15]. Thus, these
findings support the notion thatmTORC1 pathway is amaster
regulator of NF-𝜅B activation and inflammation. In our
previous studies, we have demonstrated that products of lipid
peroxidation, 4-HNE, may induce synovial inflammations by
activating NF-𝜅B pathways and lead to cell apoptosis. Phar-
macological inhibition of NF-𝜅B activation may reduce the
4-HNE-mediated inflammations and subsequent cell apop-
tosis (unpublished data). However, how NF-𝜅B is activated
under lipid peroxidation conditions is not well characterized.
Considering that mTORC1 inhibition may promote NF-𝜅B
activation by LPS-stimulated cells, we hypothesized that lipid
peroxidationmay induceNF-𝜅B activation and inflammation
by inhibiting mTORC1 activity.

In the present study, we proposed to determine whether
mTORC1 activity is critical for lipid peroxidation-mediated
inflammation in rheumatoid arthritis synovial cells. Our
findings showed that synovial mTORC1 activity was dra-
matically decreased by 4-HNE treatment. Moreover, we also
noticed an interesting upregulation of Pim-2 kinase activity,
which is a serine/threonine kinase controlling cell growth and
differentiation. Overexpression of Pim-2 kinase restored the
4-HNE-mediated mTORC1 inactivation and thus led to NF-
𝜅B inactivation and inflammation reduction. Our findings
will help to uncover novel signaling pathways between
inflammations and oxidative stress in rheumatoid arthritis
development and offer new targets to rheumatoid arthritis
clinical therapy.

2. Material and Methods

2.1. Chemicals and Reagents. The 4-hydroxynonenal was
obtained from Biomol (Plymouth Meeting, PA, USA). Dul-
becco’s modified essential medium (DMEM) and fetal bovine
serum (FBS) were purchased fromGIBCO Invitrogen (Carls-
bad, CA, USA). The following antibodies, anti-COX-2, anti-
Lamin A/C, and anti-beta actin were from Santa Cruz Bio-
technology (Santa Cruz, CA, USA). The Pim-2 and myc-
tagged antibodies were fromMillipore (Billerica, MA, USA).
The pp70S6K, p70S6K, p4EBP1, 4EBP1, pBad, Bad, NF-𝜅B
(p65), and GAPDH antibodies were from Cell Signaling
Technology (Danvers, MA, USA). Other chemicals were of
the highest purity available.

2.2. Cell Culture and Pharmacological Manipulations. A
widely usedMH7A human rheumatoid arthritis synovial cell
was chosen as in vitro experiment system,whichwas obtained
from Shanghai Institute of Cell Biology (Introduced from
American Type Culture Collection). For Western blots and
real-time PCR experiments, MH7A cells were plated in 6-
well plates at 1.0× 106 cells/mL,while immunostaining at 1.0×

105 cells/mL. The cells were incubated in DMEM containing
10% FBS plus antibiotics for 24 h in 5% CO

2
at 37∘C.

For Pim-2 overexpression, the myc-tagged Pim-2 con-
struct in MH7A cells was generated by subcloning the PCR-
amplified human Pim-2 coding sequence into pRK5-myc
vectors. Following transfection was carried out when the cell
confluent was 80–90% using lipofectamine 2000, and cells
were harvested at 24 h after transfection with lysis buffer.
For 4-HNE treatment, the final concentrations of 5 𝜇M of
4-HNE were applied to these cells and then incubated for
0 to 12 h. Equivalent saline was used as internal controls.
After culturing, the cells were harvested for subsequent
examinations.

2.3. Cell Lysates Preparation and Western Blots. For Western
blots, prepared cells were trypsinized and harvested, washed
with PBS once, and resuspended in cell lysis buffer (PBS
with 1% Triton X-100 and protease inhibitors). After brief
sonication, cell lysates were centrifuged at 13,000 rpm for
5min. Protein concentration was determined so that equiv-
alent amounts of lysate based on protein concentration was
added to an equal volume of 2x Laemmli buffer and boiled
for 10min.

As for the NF-𝜅B nuclear examinations, MH7A nuclear
lysates were prepared according to the instructions of
Nuclear/Cytosol Fractionation Kit (Biovision) as previously
described. Briefly, MH7A cell pellets were resuspended in
nuclei isolation buffer (20mM HEPES-KOH, 100mMKCl,
1.5mMMgCl

2
, 1 mMEGTA, 250mM sucrose, 1mM phenyl-

methylsulfonyl fluoride, 1mM dithiothreitol, and 10 𝜇g/mL
each of aprotinin, leupeptin, and pepstatin). The cells were
incubated on ice 30min and then lysed using a homogenizer.
Then, cell lysates were centrifuged (1000×g for 5min), and
the pellet (nuclei) and supernatant (cytosol) were collected.
The nuclei were washed once in nuclei isolation buffer and
pelleted by centrifugation, and the resulting supernatant was
added to the cytosolic extract. For Western blot analysis,
the procedure was according to the standard protocols.
Finally, proteins were detected by SuperSignal enhanced
chemiluminescence development (ECL) (Thermo Scientific
Pierce) reagent and exposed to films (Kodak). The protein
level quantification was carried out by ImageJ.

2.4. Immunostaining. For pp70S6K immunostaining in
MH7A cells, HNE-treated cells were fixed with 4% PFA with
4% sucrose in phosphate-buffered saline (PBS) for 30min
and permeabilized with 0.25% Triton-X 100 in PBS for 5min
at room temperature. After incubated with pp70S6K primary
antibody and fluorescence secondary antibody, cells were
mounted onto glass slides with antifade reagent with DAPI
and visualized under fluorescence microscopy.

2.5. Quantitative Real-Time PCR. Total RNA was extracted
from tissues using TRizol reagent (Invitrogen). RNA was
subjected to reverse transcription with reverse transcrip-
tase asManufacturer’s instructions (Fermentas). Quantitative
real-time PCR was performed using Bio-Rad iQ5 system,
and relative gene expression was normalized to internal
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Figure 1: 4-HNE inactivates mTORC1 activity in MH7A rheumatoid arthritis synovial cells. (a-b)Western blots and histograms showing the
decreased mTORC1 activity (indicated by pp70S6K/p70S6K and p4EBP1/4EBP1) by 4-HNE treatment in MH7A synovial cells. (c) Images
showing that pp70S6K signals were decreased by 4-HNE treatment in MH7A synovial cells. Green fluorescence indicates pp70S6K, and blue
indicates DAPI. Bar 25 𝜇m. Results are averages of three independent experiments. Data represent mean ± SEM. ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, and
∗∗∗
𝑃 < 0.001.

control as Beta actin. Primer sequences for SYBR Green
probes of target genes are as follows: Pim-2: ACTCCAGGTG-
GCCATCAAAG and T CCATAGCAGTGCGACTTCG; Tnf-
𝛼: CATCTTCTCAAAATTCGAGTGACA and T GGGAG-
TAGACAAGGTACAACCC; Beta actin: GAGACCTTCAA-
CACCCCAGC and ATGTCACGCACGATTTCCC.

2.6. Statistical Analysis. Data represent the mean and stan-
dard error of themean (SEM). ANOVA tests for comparisons
were performed for all statistical significance analysis using
GraphPad Prism software. ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, and
∗∗∗
𝑃 < 0.001.

3. Results

3.1. Lipid Peroxidations Inactivate mTORC1 Activity in
Rheumatoid Arthritis Synovial Cells. In previous studies, we
have verified that products of lipid peroxidations, 4-HNE,
may induce synovial intrinsic inflammations and lead to
cell apoptosis (unpublished data). However, the molecular
mechanisms involved in inflammatory reactions and cell

apoptosis by lipid peroxidations were not fully elucidated.
Considering that mTORC1 pathway is a key regulator of
innate inflammatory homeostasis in several types of cells
[16], we investigated mTORC1 activities by 4-HNE treatment
in MH7A rheumatoid arthritis synovial cells. Biochemical
results showed that, by 4-HNE treatment, the protein levels
of markers of mTORC1 pathway (pp70S6K and p4EBP1)
[17] were both decreased gradually as 4-HNE treatment,
and the maximum folds decreased by almost 90% (6∼12 h)
compared to the control (Figures 1(a) and 1(b)). To confirm
that reduced mTORC1 activity in MH7A cells by 4-HNE
treatment, we further carried out pp70S6K immunostaining
on these cells. Images showed that the pp70S6K signals (green
fluorescence) also dramatically decreased by 4-HNE treat-
ment (Figure 1(c)). Therefore, our results revealed that lipid
peroxidation may inhibit mTORC1 pathway in synoviocytes,
which may confer to the development of inflammations.

3.2. Lipid Peroxidation Activates Pim-2 Kinase Signaling
in Rheumatoid Arthritis Synovial Cells. As for mTORC1
pathway is the master regulator cell growth, survival, and
metabolism in mammalian cells [18], the decreased mTORC1
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Figure 2: 4-HNE activates Pim-2 kinase signaling in MH7A synovial cells. (a-b) Western blots and histograms showing the increased Pim-2
kinase protein levels by 4-HNE treatment in MH7A synovial cells. (c) Histograms showing that the increased Pim-2 kinase mRNA levels by
4-HNE treatment in MH7A synovial cells. Results are averages of three independent experiments. Data represent mean ± SEM. ∗𝑃 < 0.05
and ∗∗𝑃 < 0.01.

pathway by 4-HNE may induce adaptative alternations to
compensate for the reduced mTORC1 activity. Pim kinase
family, especially Pim-2, has been reported to be essential
component of an endogenous pathway, activating mTORC1
signaling and regulating cell growth and survival [19, 20].
Thus, we examined whether Pim-2 kinase expression/activity
was altered by 4-HNE treatment. Biochemical results showed
that after short-term 4-HNE treatment, the protein level of
endogenous Pim-2 kinase increased by 2.81-fold (1 h) com-
pared to controls. As prolonged 4-HNE treatment, the Pim-
2 protein level started to decrease, confirmed by the parallel
reduction of BAD phosphorylation (a well-known Pim-2
substrate) [21] (Figures 2(a) and 2(b)). To investigate whether
increased Pim-2 expressions were caused by upregulated
transcriptions, we assessed the mRNA level of Pim-2. The
results of quantitative real-time PCR showed that Pim-2
mRNA levels were indeed induced by 4-HNE treatment
and highly correlated with the alternations of protein levels
(Figure 2(c)). Thus, our findings showed that induced Pim-2

signaling may be cell intrinsic protective mechanisms against
the toxicity of lipid peroxidations.

3.3. Pim-2 Overexpression May Partly Activate mTORC1
Pathway under 4-HNE Conditions. Since Pim-2 kinase has
been reported to activate mTORC1 pathway by modulat-
ing tuberous sclerosis complex 2 (TSC2) phosphorylations
[19], we proposed that upregulated Pim-2 kinase activity
may partly resist 4-HNE-mediated mTORC1 inactivation.
To examine how Pim-2 participates in mTORC1 activation
under oxidative stress, we constructed an myc-tagged Pim-
2 vector to the overexpression of Pim-2 in MH7A synovial
cells and investigated the mTORC1 signaling alternations.
Biochemical results showed that although 4-HNE treatment
may decrease p70S6K and 4EBP1 phosphorylations, Pim-2
overexpression may constitutively maintain high phospho-
rylations of p70S6K and 4EBP1 under both basal and 4-
HNE conditions (Figures 3(a) and 3(b)). These results clearly
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Figure 3: Pim-2 kinase overexpression may partly activate mTORC1 pathway under HNE conditions. (a-b) Western blots and histograms
showing that Pim-2 overexpression activated mTORC1 activity (indicated by pp70S6K/p70S6K and p4EBP1/4EBP1) under basal and 4-HNE
conditions. Results are averages of three independent experiments. Data represent mean ± SEM. ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, and ∗∗∗𝑃 < 0.001.

indicate that the overexpression of Pim-2 may promote con-
stitutive mTORC1 activation under oxidative stress, which
may contribute to maintenance of cell homeostasis.

3.4. Pim-2 Mediated mTORC1 Activation Inhibits 4-HNE-
Induced Inflammation in Rheumatoid Arthritis Synovial Cells.
Oxidative stress induced inflammation is critical for rheuma-
toid arthritis development [22, 23]. In our previous studies,
we have shown that 4-HNE could induce synovial intrinsic
inflammations by activating NF-𝜅B and COX-2 pathways
(unpublished data). Moreover, mTORC1 activity has been
proved to be critical for the inflammatory balance.Therefore,
we assumed that Pim-2 might mediate mTORC1 activation
and may inhibit inflammation reactions caused by lipid
peroxidation. Thus, we examined the inflammation markers
of NF-𝜅B and COX-2 in Pim-2 overexpressed MH7A cells.
The results showed that the overexpression of Pim-2 may
inhibit NF-𝜅B nuclear localization of the p65 subunit under
both basal and 4-HNE conditions, which indicated that
the overexpression of Pim-2 may inhibit NF-𝜅B signaling.
Moreover, the induced COX-2 expression by 4-HNE might
be also disrupted by the overexpression of Pim-2, which
confirmed that the overexpression of Pim-2 may inhibit the
initiation of inflammatory reactions (Figures 4(a) and 4(b)).
To further confirm that the overexpression of Pim-2 may
contribute to the inflammatory blocking in MH7A cells, we
examined the mRNA level of canonical inflammation factor
TNF-𝛼. The results also showed that the overexpression of

Pim-2 may inhibit 4-HNE induced TNF-𝛼 transcriptions
(Figure 4(c)). All these findings showed that Pim-2/mTORC1
pathway may play a vital role in protection against lipid
peroxidation induced inflammations.

4. Discussion

In the present study, we reveal a novel mechanism to clar-
ify how inflammation is precisely regulated in human rheu-
matoid arthritis synovial cells. The present findings demon-
strated that products of lipid peroxidation, 4-HNE, may
induce synovial intrinsic inflammations by activating NF-𝜅B
pathways which may be mediated by mTORC1 inactivation.
However, ectopic activation of mTORC1 pathway by the ove-
expression of Pim-2 may disrupt the initiation of inflamma-
tory reactions and maintain synovial homeostasis (Figure 5).
Our work will help to uncover novel signaling pathways
between inflammations and oxidative stress in rheumatoid
arthritis development and offer new targets to rheumatoid
arthritis clinical therapy.

Rheumatoid arthritis (RA) is a chronic, systemic, and
inflammatory autoimmune disease, targeting the synovial
tissues [24]. Fibroblast-like synoviocytes (FLSs) play a central
role in the formation of rheumatoid arthritis pannus [25].
Recent advances in understanding the networks that are
responsible for the synovial inflammations in rheumatoid
arthritis have led to the successful use of therapies [26, 27].
Yet, the regulatory mechanisms of how inflammation is
precisely controlled remain incompletely understood. Here,
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Figure 4: Pim-2 mediated mTORC1 activation inhibits HNE-induced inflammation in MH7A synovial cells. (a-b) Western blots and
histograms showing that Pim-2 overexpression inhibited NF-𝜅B nuclear localizations and COX-2 expressions under basal and 4-HNE
conditions. (c) Histograms showing that Pim-2 overexpression inhibited TNF-𝛼 transcriptions under basal and 4-HNE conditions. Results
are averages of three independent experiments. Data represent mean ± SEM. ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, and ∗∗∗𝑃 < 0.001.

we demonstrate that synovial Pim-2/mTORC1 pathway cou-
ples the oxidative stress and inflammations. Under oxidative
stress conditions (lipid peroxidation), mTORC1 activity was
downregulated, which may be responsible for the initiation
of inflammatory reactions, such as NF-𝜅B nuclear transloca-
tions, COX-2 expressions, and inflammation factors releases.

On the other hand, to precisely modulate inflammatory reac-
tions, oxidative stress may activate Pim-2 kinase signaling
to maintain appropriate mTORC1 activity. Therefore, once
Pim-2 activity is ectopic upregulated (e.g., Pim-2 overexpres-
sion, etc.), mTORC1 activity may be restored under 4-HNE
conditions, which disrupts the synovial inflammations.Thus,
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Figure 5: A model showing that Pim-2/mTORC1 pathway may be critical for the initiation of inflammatory reactions mediated by lipid
peroxidation in human rheumatoid arthritis synovial cells.

Pim-2/mTORC1 pathway may be critical for the coupling of
oxidative stress and synovial inflammation.

In contrast to many other kinases whose activities are
tuned by phosphorylation status, the Pim-2 kinase is consti-
tutively active and lacks regulatory domains. Instead, Pim-2
kinase is tightly regulated at both transcriptional and transla-
tional levels [19]. The signals that induce Pim-2 gene expres-
sion are diverse, including various cytokines, growth factors,
andmitogenic stimuli in different cell types.Moreover, Pim-2
could modulate mTORC1 activity by directly phosphorylat-
ing TSC2 on Ser-1798 and relieves the suppression of TSC2 on
mTORC1 [19].Here, we further showed that Pim-2 expression
may be induced products of lipid peroxidation, to compen-
sate for the mTORC1 activity under oxidative stress condi-
tions. Thus, further in-depth studies on how Pim-2 senses
oxidative stress and is transcriptionally upregulated in human
rheumatoid arthritis synovial cells might not only help to
understand inflammatory reactions and/or synovial home-
ostasis, but possibly also uncover novel signaling pathways
between inflammations and oxidative stress.

5. Conclusion

The present findings suggested that lipid peroxidation-medi-
ated mTORC1 inactivation may be essential for the synovial
inflammation. While ectopic activation of Pim-2 signaling
may partly restore mTORC1 activity under lipid peroxidation
conditions, leading to inflammation blocking, our findings
imply that Pim-2/mTORC1 pathway may be critical for the
initiation of inflammatory reactions and cell homeostasis in
human rheumatoid arthritis synovial cells.
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Background. Rheumatoid arthritis (RA) is a chronic systemic inflammatory disease affecting <1% of the population. Incompletely
controlled RA results in fatigue, joint and soft tissue pain, progressive joint damage, reduced quality of life, and increased
cardiovascular mortality. Despite an increasing range of disease modifying agents which halt disease progression, poor patient
adherencewithmedication is a significant barrier tomanagement.Objective.The goal of this reviewwas to examine the effectiveness
of measures to improve patient medication adherence.Methods. Studies addressing treatment adherence in patients with RA were
identified by trawling PsycINFO, Medline, Cochrane, Pubmed, and ProQuest for studies published between January 2000 and
October 2014. Articles were independently reviewed to identify relevant studies. Results. Current strategies were of limited efficacy
in improving patient adherence with medications used to treat RA. Conclusion. Poor medication adherence is a complex issue. Low
educational levels and limited health literacy are contributory factors. Psychological models may assist in explaining medication
nonadherence. Increasing patient knowledge of their disease seems sensible. Existing educational interventions appear ineffective
at improving medication adherence, probably due to an overemphasis on provision of biomedical information. A novel approach
to patient education using musculoskeletal ultrasound is proposed.

1. Introduction

Rheumatoid arthritis (RA) is a chronic systemic autoimmune
inflammatory disease with a prevalence of approximately
1% [1, 2]. Incompletely controlled RA results in severe pro-
gressive joint damage, functional disability, morbidity, and
increased mortality [3]. Clarification of the molecular patho-
genesis of RA has led to an increasing number of targeted
therapies [4, 5]. Early intervention with disease-modifying
antirheumatic drugs (DMARDs) and biological DMARDs
(bDMARDs) improves long-term functional outcomes [6–9].
Depending upon the clinical situation, a realistic goal for

every patient with RA is now low disease activity or disease
remission [10].

Despite extensive evidence regarding drug efficacy and
the risk of long-term harm from uncontrolled RA, medica-
tion adherence rates remain suboptimal, ranging from 30 to
80% [11–13]. Improving medication adherence with currently
available DMARDs and bDMARDs would improve treat-
ment effectiveness and reduce healthcare costs [14, 15]. Medi-
cation nonadherence is a dynamic,multifaceted issue affected
by (i) patient factors, (ii) disease features, and (iii) drug
characteristics. Although more effective interventions for
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improvingmedication adherence are needed [16],medication
nonadherence remains a poorly studied phenomenon [17].

Medication nonadherence can be classified as primary or
secondary, both of which are influenced by different factors
[18]. Primary nonadherence occurs when a patient fails to
fill an initial prescription [19]. This is often influenced by
socioeconomic factors, such as out-of-pocket medication
costs [18, 20]. Secondary nonadherence occurswhen a patient
prematurely discontinues the medication [19]. This may be
associated with factors such as lack of drug efficacy, slow
disease response to treatment, and adverse drug reactions.

Both primary and secondary medication nonadherence
may be affected by low levels of health literacy and patient
education. These factors may compromise patient under-
standing of the adverse outcomes from poorly controlled RA.
Patients with RA often lack sufficient understanding to make
informed health-care decisions [21]. In contrast, those with
greater appreciation of the risks and benefits of treatment
were more likely to accept risk to achieve better outcomes
[21]. Unfortunately, patient educational interventions usually
have limited effectiveness at improvingmedication adherence
[3, 12, 22–24].

Whilemany factors influence drug adherence, this review
will focus on the effectiveness of existing educational and
health literacy interventions targeting medication adherence
in patients with RA. Psychological models of medication
adherence and, within this context, current and past educa-
tional interventions will be explored. The effect of health lit-
eracy and the utility of musculoskeletal ultrasound (MSKUS)
as an educational tool will also be discussed.

2. Methods

We performed a computerised systematic literature search
of five databases (PsycINFO, Medline, Cochrane, Pubmed
and Proquest) using a wide range of search terms to identify
English language, peer reviewed papers dealing with med-
ication adherence in patients with RA published between
January 2000 and October 2014 (Table 1). A similar search
strategy was employed to identify relevant publications deal-
ing with the effect of patient education and health literacy on
medication adherence in patients with RA (Table 2). Citation
trackingwas also used to identify additional papers.Themost
relevant articles for inclusion in this review were identified
by SJ, RVDZ, and PKKW using strict inclusion and exclusion
criteria (Table 3).

This review favours the term “adherence” over “com-
pliance” as it reflects a shift in the clinician-patient rela-
tionship since the 1950s when the term “compliance” was
commonly used [25]. “Compliance” may have authoritarian
connotations as it refers to concordance of patient behaviour
with medical advice [11, 26]. In contrast, “adherence” implies
patient-clinician collaboration rather than obedience to
didactic dissemination of medical advice.

3. Cognitive Models of Medication Adherence

Many factors affect medication adherence in patients
with RA. In patients commencing the “anchor” DMARD

methotrexate (MTX), adherence could be explained by a
strong belief in the necessity of treatment, although it was
not influenced by the severity of functional impairment [27].
Higher levels of medication adherence have been associated
with participation in a patient education programme [28],
following provision of more information about RA treatment
[29], Caucasian ethnicity [30], and less disability [31]. Older
age has been associated with both increased [27, 29, 32]
and decreased [31, 33] medication adherence. Concomitant
medication use has been associated with both higher [34]
and lower [30] levels of medication adherence. Patients
with stronger beliefs about the necessity of medication
and who believed medications were generally not overused
were more likely to be adherent to medication [34].
Rheumatoid disease activity had a variable relationship with
medication adherence [31, 32]. Higher out-of-pocket costs
[20], employment [27, 29], and cognitive impairment [29]
were associated with reduced adherence rates.

As outlined above, the inability to consistently identify
factors accurately predicting medication nonadherence in
patients with RA has spurred development of cognitive
models to better explain this complex phenomenon [11, 12].
One of the most widely used models is the Health Belief
Model (HBM) which is a theoretical framework postulating
that adherence decisions are based on implicit cost-benefit
analyses, where the extent to which a patient views the
necessity of medication is evaluated against concern about
potential side effects [35].The HBMwas built on the premise
that the likelihood of a person actively responding to a health
threat depended on four key factors: (i) perceived illness
threat (determined by disease severity and susceptibility),
(ii) expectation of positive outcome (anticipated benefits of
treatment), (iii) barriers associated with treatment (expected
costs and drawbacks), and (iv) the extent towhich they intend
to adhere to treatment [36, 37].

The cost-benefit assessment offered by the HBM has
been quantified as a necessity-concerns differential within
the Beliefs aboutMedications Questionnaire (BMQ) [35, 38].
This user-friendly tool comprises two five-item scales evalu-
ating patient beliefs about the necessity ofmedication relative
to concern about adverse effects and predicts medication
adherence more robustly than clinical or sociodemographic
factors [35, 36]. When applied to a population with chronic
illness such as asthma, renal or cardiac failure, and cancer,
it was found that patients whose concern about medication
outweighed their belief about the necessity of medication
were less adherent to pharmacologic treatment [35].Thismay
have been an adaptive strategy to minimise potential harm
from side effects or may have reflected how strongly patients
believed medications were essential; that is, those believing
them to be less necessary were more prone to forgetting to
take them. Interestingly, many of the perceived “costs” arose
from erroneous beliefs, for example, concerns regarding drug
dependence [35].

Patients with RA often lacked the understanding required
to make informed cost-benefit analyses leading to overesti-
mation of medication risks [21, 39]. Medication risks were
often thought to be high relative to surgery possibly because
surgical risksweremore tangible,making patientsmore likely
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Table 1: Databases accessed displaying search terms employed, results, access limitation, reasons for exclusion and accepted papers dealing
with factors affecting medication adherence in patients with rheumatoid arthritis.

Database
Search terms

Number of papers
identified

Number of full text
peer reviewed papers
able to be accessed

Reasons for exclusion
(number)

Number of papers
identified for
inclusion [ref.

number]
PsycINFO via EBSCO host
Rheumatoid arthritis
[and]
Compliance
[and]
Medication

23 5
Juvenile population (1)

Review paper (1)
Not relevant (2)

𝑛 = 1 [34]

ProQuest (general)
Adherence
[And]
rheumatoid arthritis
[and]
Relationship

3099 1891

Already included (1)
Review papers (2)

Juvenile population (1)
Not relevant (1886)

𝑛 = 1 [87]

ProQuest (general)
Rheumatoid arthritis
[and]
Compliance
[and]
Medication

4391 2118
Already included (1)
Juvenile population (1)
Not relevant (2114)

𝑛 = 2 [27, 28]

ProQuest (general)
Adherence [or] compliance
[and]
rheumatoid arthritis
[and]
Factors [or] predictors

10265 5486 Already included (3)
Not relevant (5481) 𝑛 = 2 [29, 32]

PubMed
rheumatoid arthritis
[and]
factors
[and] Medication persistence

48 15

Already included (3)
Unrepresentative population

(2)
Not relevant (9)

𝑛 = 1 [31]

PubMed
Rheumatoid arthritis
[and]
Compliance
[and]
Medication

163 138
Review/meta-analysis (2)
Juvenile population (2)

Not relevant (133)
𝑛 = 1 [20]

PubMed
Adherence [or] compliance
[and]
rheumatoid arthritis
[and]
Factors [or] predictors

17 9 Osteoporosis management (1)
Not relevant (7) 𝑛 = 1 [30]

to accept surgery even when this was associated with fewer
benefits [21].This highlights the need for effective educational
interventions as patients well informed about the risks and
benefits of medication performed more biomedically ori-
ented cost-benefit analyses [39]. Those with a greater under-
standing of the risks and benefits of treatment were more
inclined to accept risk in the pursuit of successful disease
outcomes [21]. Unwillingness to accept risk compounded by
poor understanding of the benefit of conventional biomedical
treatment may explain the large number of patients using
complementary or alternative medicines (CAMs) as these

are often thought to have minimal risk [27, 40, 41]. While
most CAMs are tested for safety, rigorous tests of efficacy are
scarce [41, 42]. This highlights the importance of explaining
the benefits and not just potential side effects of conventional
treatment.

Clinicians should view patients as active decision-makers
with a vested interest in their health who would be more
adherent to medication if they believed the necessity of
medication outweighed concerns about adverse effects [35].
Alas, due to medicolegal considerations clinicians often
spend more time discussing the adverse effects of treatment
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Table 2: Databases accessed displaying search terms employed, quantity of results, access limitation, reasons for exclusion, and accepted
papers dealing with the effect of patient education and literacy on medication adherence in patients with rheumatoid arthritis.

Database
Search terms Results Reasons for exclusion

Accepted
citations [ref.
number]

PsycINFO via OvidSP host
Rheuma∗ arthritis [or] Rheuma∗ disease [or] RA
[and]
Complian∗ [or] non?compli∗ [or] adherence [or]
non?adherence [or] refusal [or] regime∗
[and]
Medic∗ [or] pharmac∗ [or] drug [or] treatment [or] therapy [or]
biologic [or] ?DMARD? [or] disease?modifying∗
[and]
Patient education∗[or] intervention [or] strategy [or] knowledge [or]
health liter∗ [or] understanding

20

𝑛 = 2,
juvenile/paediatric

population
𝑛 = 4,

review/qualitative/book
𝑛 = 13, not relevant

𝑛 = 1 [58]

EBM Reviews, All-Cochrane DSR, ACP Journal Club, DARE, and
CCTR OvidSP host
Rheuma∗ arthritis [or] RA [or] rheama∗ disease
[and]
Complian∗ [or] non?compli∗ [or] adherence [or]
non?adherence [or] refusal [or] regime
[and]
Medic∗ [or] pharmac∗ [or] drug [or] treatment [or] therapy [or]
biologic [or] ?DMARD?

473 𝑛 = 3, already included
𝑛 = 469, not relevant 𝑛 = 1 [75]

MedLine via OvidSP host
Rheuma∗ arthritis [or] RA [or] rheama∗ disease
[and]
Complian∗ [or] non?compli∗ [or] adherence [or]
non?adherence [or] refusal [or] regime
[and]
Medic∗ [or] pharmac∗ [or] drug [or] treatment [or] therapy [or]
biologic [or] ?DMARD?
[and]
Medication

221

𝑛 = 3, already included
𝑛 = 1, juvenile
population
𝑛 = 4,

review/qualitative/book
𝑛 = 210, not relevant
𝑛 = 1, female-only

sample

𝑛 = 2 [28, 59]

The asterisk star is a wildcard search character. In this instance, it represents a string of characters, for example, the ∗ matches zero or more characters, so
rheum ∗ will generate rheumatoid, rheumatology, rheumatic and so forth.

Table 3: Inclusion and exclusion criteria for identification of relevant papers.

Selection criteria Inclusion criteria Exclusion criteria

Participants
Human
Adult

American College of Rheumatology criteria for the
diagnosis of RA

Animal
Under 18 years
Gender-specific

Geriatric

Research design Experimental
Longitudinal

Qualitative
Observational
Case studies
Editorials

Cross-sectional
Retrospective cohort study

Measurement scales
Validated questionnaires

Blood assays
Records/claims (pharmaceutical/insurance)

Event monitoring

Interviews

RA-specific medication
Disease modifying antirheumatic drugs (DMARDS)

Biological DMARDS
Slow acting antirheumatic drugs (SAARDS)

Analgesics only
Nonsteroidal anti-inflammatory drugs

Corticosteroids only
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rather than the benefits. This has probably been influenced
by landmark cases such as the 1992 decision in Rogers v.
Whitaker (1992) 175 CLR 479, which established in Australia
the standard of care required when a doctor provides infor-
mation to a patient about the risk of a proposed intervention
[43].TheHighCourt ofAustralia affirmed that an ophthalmic
surgeon should have warned his patient of the one in 14,000
chance of a rare complication (sympathetic ophthalmia) with
its associated risk of blindness arising from a procedure.
This was despite evidence tendered during the hearing that
many of the defendant’s colleagues would not have told their
patients about the risk of such a rare complication.

The BMQ has been used in a cross-sectional study to
describe the tension experienced by RA patients when
assessing the importance of medication versus their concern
regarding side effects [36]. Most respondents of a postal sur-
vey (𝑛 = 344)mailed to over 600 patients with RA agreed that
their medication was necessary for health. However, almost
half were concerned about potential adverse effects and
this was associated with nonadherence [36]. The observed
similarity in disease knowledge between adherent and
nonadherent patients raises doubts about the effectiveness of
educational interventions which merely increase knowledge
[36].

Another psychological model used to describe medica-
tion adherence is Leventhal and colleagues’ Self-Regulatory
Model (SRM) [44, 45]. This is a hierarchically organ-
ised model of illness adaptation based on three primary
constructs: illness representations, coping responses, and
appraisal of coping responses [46, 47]. Illness representations
or “lay beliefs” are defined as complex schemas frompersonal
and familial experiences influencing how patients perceive
and cope with chronic illness [48]. Cognitive and emotional
illness representations form the crux of the SRM as these
representations are integrated into patients’ preexisting lay
belief schemas and help them understand symptoms while
moderating coping responses [46] and thus medication
adherence [44].

A qualitative study involving semistructured interviews
of 30womenwith RA found that a positive patient-healthcare
practitioner relationship was an important factor in the deci-
sion making process [30]. Potential and perceived adverse
effects were powerful factors associated with nonadherence
or discontinuation of medication [30]. These findings high-
lighted the importance of clear, helpful patient-practitioner
communication and the need for healthcare practitioners to
balance patient concerns about adverse effects with the likely
benefits of treatment adherence.

Exploring medication adherence through the conceptual
frameworks offered by the HBM and SRM suggests some
practical strategies to improve medication adherence. Clini-
cians should address patient concerns about adverse effects by
highlighting the positive outcomes associated with treatment
[44]. The lack of association between factual knowledge and
medication adherence highlights the need for more effective
educational interventions [39]. The SRM suggests clinicians
need to consider existing lay belief schemas used by patients
to evaluate and cope with medical advice [46].

4. Assessment of Adherence

Medication adherence has been assessed by Electronic
Medication Event Monitoring (EMEM) [49], pharmacy
records [20, 50], self-report measures (e.g., the Compliance-
Questionnaire-Rheumatology (CQR)) [49, 51], and more
objective but invasive measures such as serum drug assays
[28, 49]. Although susceptible to recall and social desirability
biases, self-report measures represent the most pragmatic
method for assessing medication adherence [35, 44]. Self-
report measures such as the CQR provide clinicians with
valuable information regarding how closely patients follow
medication advice and their beliefs regarding the necessity of
treatment [28, 35, 49]. The CQR is a 19-item rheumatology-
specific questionnaire assessing medication adherence which
also identifies factors associated with poor adherence [49,
51]. This tool demonstrated strong predictive validity when
tested against EMEM [49]. A study of 126 RA patients
which used the CQR to measure adherence and the BMQ
to assess medication beliefs at initiation of MTX therapy
found adherence rates during the first year of treatment could
be explained by medication beliefs such as the perceived
necessity of MTX [27]. Interestingly, supplying the treating
clinician with information regarding medication adherence
patterns does not influence patients’ medication beliefs, nor
does it engender any changes in adherence [52].

5. Educational Interventions and
Medication Adherence

There is broad consensus regarding the importance of edu-
cational interventions for patients suffering from chronic
illness such as RA [22]. A cross-sectional study of 33 RA
patients with disease duration less than one year and 69
with disease duration greater than 10 years found both
groups desired more information about their condition [53].
Educational interventions have usually entailed provision
of information to patients about the disease and possible
treatments [3] on the premise that increased knowledge
leads to positive attitudes and behaviours which may be
associated with small reductions in pain and disability [54,
55]. Many clinicians therefore regard education as important
for equipping patients with the tools and coping strategies
to manage disease flares [3, 56]. However, the effectiveness
of educational interventions at improving medication adher-
ence is questionable [3, 22, 23, 48], with potentially few short-
term benefits [24].

A randomised controlled trial of 100 patients with RA
found that patient education was associated with increased
medication adherence [28]. Participants with active RA were
randomised to an experimental group which received seven
30-minute one-on-one sessions with a rheumatology nurse
aimed at increasing self-efficacy or a control group which
received standard treatment. At the end of six months those
in the experimental group were more adherent to medication
[28]. However, others have found that patients with recent
onset active RA had high levels of medication adherence
regardless of participation in an educational programme
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which involved group meetings with an instructor who
addressed erroneous patient beliefs and provided infor-
mation about RA medication, the importance of physical
activity, and joint conservation [23]. This suggested that
educational interventions may not be needed in patients with
recent onset active RA.

Although not specifically dealing with RA patients, a
randomised controlled trial involving a pharmacist-delivered
telephone service to patients at home led to increased med-
ication adherence, fewer reports of medication side effects,
and more positive medication beliefs [57]. This intervention
appeared to shift the patient cost-benefit analysis to favour
treatment benefits, thereby increasing the proportion of
adherent patients [57].

A recent study tested the effect of a motivational inter-
viewing (MI) programme on medication adherence in RA
patients using a group-based format [58]. In this study,
123 participants were randomised to either the control
or intervention group; the latter received two pharmacist-
delivered MI sessions. These sessions aimed to resolve barri-
ers to adherence with a practical, problem solving approach.
The trial did not demonstrate any significant change to
patient beliefs or medication adherence, possibly due to a
“Hawthorne effect” or suboptimal integrity of the interven-
tion [58].

In a pilot study, patients were randomly allocated to
either group-based counselling or individual counselling
[59]. Adherence, as measured by pill counts, was higher in
patients who were counselled in a group-based format (90%)
compared to those counselled individually (69%). However,
probably due to lack of power, there was no statistically
significant difference between treatment groups.

A systematic review found that educational interventions
in patients with RA appeared to have a positive impact upon
short-term outcomes but long-term improvements in health
status were not clearly evident [22]. A Cochrane review of
31 randomised controlled trials found that patient education
was associated with short-term benefits on disability, patient
global assessment, and psychological status [60]. However,
no long-term benefits were identified. Although clinical trials
have demonstrated that educational interventions enhanced
patient knowledge and understanding of their disease, there
is conflicting evidence regarding their effects on medication
adherence [3, 61].This suggests that education alone is insuffi-
cient to increase medication adherence as medication beliefs
appear to be influenced by more than information [3, 35].

Existing educational interventions may be limited by an
overemphasis on improving patient knowledge [48]. This
creates a power imbalance in the therapeutic interaction
as the rheumatologist assumes the patient has no prior
knowledge of their disease and should fulfil a passive role in
the exchange and that provision of information is sufficient.
Such assumptions give little credence to lay beliefs. While
often exhibiting internal consistency, lay beliefs are seldom
congruent with biomedical concepts but can strongly influ-
ence patient response to advice and treatment proposed by
their rheumatologist [48].

When interviewed before and after a consultation with
their rheumatologist, patients with RA were more accepting

of and more adherent to suggested treatment if the advice
provided during the consultation alignedwith their lay beliefs
[48]. Likewise, those who received information during the
consultation incongruent with their lay beliefs were more
likely to reject the management offered [48]. These findings
can be interpreted through the conceptual framework of the
SRM, which highlights the importance of existing patient lay
belief schemas [46]. It is important to recognise that patient
and clinician disease perceptions may diverge. Patient views
are influenced by subjective information such as pain levels,
whereas clinicians’ views are usually informed by biomedical
factors such as swollen and tender joint counts [62]. In light of
such findings, an interactive educational process emphasising
the active role of both clinician and patient might enable a
more harmonious interweaving of biomedical information
into preexisting lay belief systems [48].

6. Health Literacy and Medication Adherence

Health literacy refers to the ability to acquire, comprehend,
and pursue health information to guide health-related deci-
sions [55, 63, 64]. Individuals with limited health literacy
have poorer health outcomes due to poor self-management,
limited health responsibility, and underutilisation of health-
care resources [55]. Up to 42% of patients with chronic
musculoskeletal disease may have low health literacy [65]
while up to one-third of patients incorrectly followed dosing
instructions for common rheumatology drugs [66]. A cross-
sectional study of 110 patients with RA found that poor
health literacy was associated with functional impairment
as measured by the Multidimensional Health Assessment
Questionnaire (MDHAQ) [67]. Analysis of data from 6052
patients with RA enrolled in a prospective observational
study found that health literacy was found to predict func-
tional status more robustly than corticosteroid and biologic
use, smoking history, and education [68]. This suggests
that some of the observed benefit on medication adherence
following educational interventions may be due to a positive
effect on patient health literacy and raises the possibility
that better outcomes could be achieved by improving health
literacy rather than semantic disease knowledge [67].

The multidimensional causal model of Paasche-Orlow
and Wolf has been used to explain the link between low
health literacy and poor patient outcomes [69]. This model
attributed poor patient outcomes from low health literacy to
the challenges posed by (i) communicating with clinicians,
(ii) accessing and consuming health services, and (iii) effec-
tive self-care. Effective self-care requires patients to possess
the knowledge and capacity to understand and implement
their medication regime [69]. Low health literacy impairs
patient ability to comprehend medication labels and instruc-
tions and to recall medication names [64, 69]. Accordingly,
educational interventions should aim to increase self-care
and patient awareness of available healthcare resources and
minimise the communication barrier between patients and
clinicians.

A practical suggestion is that clinicians should use visual
tools such as videos and pictorial aids to assist in meaningful
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Figure 1: Longitudinal sonographic view of the right second meta-
carpophalangeal joint (m: metacarpal, p: proximal phalanx) in a
patient with rheumatoid arthritis showing synovitis/effusion (s)
with power Doppler flow (red).

delivery of key health messages [64]. The beneficial effect
of visual images within the consultation is further enhanced
when combined with meaningful written or verbal informa-
tion and has been shown to enhance patient comprehension
and, ultimately, medication adherence [70]. This further
highlights the need for clinician-patient collaboration within
the consultation and a multimodal approach for communi-
cating patient information.

7. The Use of Musculoskeletal
Ultrasonography as an Educational Tool

Increasing evidence suggests that health interventions are
more effective when they contain visual elements and simple,
comprehensible information in an accessible format [64, 71–
74]. Incorporation of pictures into medication instructions
improved patient understanding, recollection, and adherence
to medication regimes [70]. A double blind randomised
controlled trial of 111 patients with early inflammatory arthri-
tis found that provision of visual feedback for patients in
the form of charts depicting disease activity significantly
increased patient adherence to DMARDs [75]. This was
associated with less disease activity at 12 months. These find-
ings suggest that incorporating visual feedback into clinical
practice may have a positive effect on treatment adherence
and, ultimately, disease management.

Musculoskeletal ultrasound (MSKUS) is increasingly
used to assist in diagnosis and monitoring of inflammatory
arthritis and to guide joint injection and aspiration [76–79].
The presence of power Doppler signal (Figure 1) in patients
whose RA appeared to be in clinical remission was helpful
in predicting disease flare and radiographic outcome [80].
Auto-feedback from US assessment of joints in patients with
RA quickly improved joint palpation skills [81]. A 12-week
MSKUS course was useful in undergraduate teaching of joint
anatomy and pathology [82]. Despite these benefits, MSKUS
is underutilised in clinical practice and is routinely performed
by less than 50% of rheumatologists in Europe [76]. Few
rheumatologists in Australia routinely use MSKUS.

Musculoskeletal ultrasound may prove a valuable educa-
tional tool in clinical practice [83]. The treating clinician is
able to enhance patient understanding “real-time” through

demonstration of joint structures, articular and periarticular
damage, and synovial inflammation. In particular, the ability
to navigate around the site of interest and to show motion
information may improve patient understanding more than
provision of static images [84, 85]. Careful use of the device
highlighting critical features for patients using their own
anatomy is important in providing visual learning cues. This
type of disease visualisation, when combined with clinician-
patient interaction at close quarters, may improve adaptation
to the diagnosis, thereby increasing medication adherence
and disease self-control. A recent study involving patients
with active RA (DAS28 score > 2.6) found that showing RA
patients “real-time” US images of their clinically inflamed
joints resulted in a more favourable cost-benefit analysis
as measured by the BMQ, that is, increased patient belief
in the necessity of medication versus concern about taking
medication [86]. However, this finding needs to be confirmed
by larger, longer-term studies.

8. Summary

The effectiveness of commonly used educational interven-
tions targeting poor medication adherence is questionable.
Educational interventions have generally focused on provi-
sion of information [48].While these increase patient knowl-
edge of the disease, they have not been reliably associatedwith
increased medication adherence or improvement in long-
term health status [24, 61]. There is a tension experienced
by RA patients when assessing the necessity of medication
against concern regarding adverse effects [36]. The goal of
education should be to provide understandable information
to patients to allow them to make informed healthcare
decisions.

Educational interventions should incorporate more clini-
cian-patient interaction [27]. Clinicians should deemphasise
biomedical information and give more consideration to
patient lay beliefs regarding clinical management without
compromising use of evidence-based treatments that halt
disease progression. This should allow clinicians to allay
patient concerns while highlighting treatment benefits [35,
44]. Integrating MSKUS into an evidence-based educational
framework may be beneficial because of its clinical value and
as an educative tool to increase patient understanding of their
disease [83, 86].

Musculoskeletal US may foster increased patient-
clinician interaction and disease visualization, factors which
have been lacking in traditional educational frameworks.
Patients will also benefit from increased appreciation of
joint structures and greater understanding of the long-term
implications of joint damage and inflammation. These meas-
ures may address some of the limitations of previous inter-
ventions and hopefully result in increased patient medication
adherence and better disease control.
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Tempel, and S. van der Linden, “The compliance-questionnaire-
rheumatology compared with electronic medication event
monitoring: a validation study,” The Journal of Rheumatology,
vol. 30, no. 11, pp. 2469–2475, 2003.

[50] S. de Achaval andM. E. Suarez-Almazor, “Improving treatment
adherence in patients with rheumatologic disease,”The Journal
of Musculoskeletal Medicine, vol. 27, no. 10, pp. 388–394, 2010.

[51] E. de Klerk, D. van derHeijde, H. van der Tempel, and S. van der
Linden, “Development of a questionnaire to investigate patient
compliance with antirheumatic drug therapy,” The Journal of
Rheumatology, vol. 26, no. 12, pp. 2635–2641, 1999.

[52] B. J. F. van den Bemt, A. A. den Broeder, F. H. J. van den
Hoogen et al., “Making the rheumatologist aware of patients’
non-adherence does not improve medication adherence in
patients with rheumatoid arthritis,” Scandinavian Journal of
Rheumatology, vol. 40, no. 3, pp. 192–196, 2011.

[53] J. H. Barlow, L. A. Cullen, and I. F. Rowe, “Comparison of
knowledge and psychological well-being between patients with
a short disease duration (≤1 year) and patients with more
established rheumatoid arthritis (≥10 years duration),” Patient
Education and Counseling, vol. 38, no. 3, pp. 195–203, 1999.

[54] A. Warsi, M. P. laValley, P. S. Wang, J. Avorn, and D. H.
Solomon, “Arthritis self-management education programs: a
meta-analysis of the effect on pain and disability,” Arthritis and
Rheumatism, vol. 48, no. 8, pp. 2207–2213, 2003.

[55] R. J. Adams, “Improving health outcomes with better patient
understanding and education,” Risk Management and Health-
care Policy, vol. 3, pp. 61–72, 2010.

[56] P. C. Hirano, D. D. Laurent, and K. Lorig, “Arthritis patient
education studies, 1987–1991: a review of the literature,” Patient
Education and Counseling, vol. 24, no. 1, pp. 9–54, 1994.

[57] S. Clifford, N. Barber, R. Elliott, E. Hartley, and R. Horne,
“Patient-centred advice is effective in improving adherence to
medicines,” PharmacyWorld and Science, vol. 28, no. 3, pp. 165–
170, 2006.

[58] H. E. Zwikker, C. H. van den Ende, W. G. van Lankveld et al.,
“Effectiveness of a group-based intervention to change medica-
tion beliefs and improve medication adherence in patients with
rheumatoid arthritis: a randomized controlled trial,” Patient
Education and Counseling, vol. 94, no. 3, pp. 356–361, 2014.

[59] D. Homer, P. Nightingale, and P. Jobanputra, “Providing
patients with information about disease-modifying anti-
rheumatic drugs: individually or in groups? A pilot randomized
controlled trial comparing adherence and satisfaction,”
Musculoskeletal Care, vol. 7, no. 2, pp. 78–92, 2009.

[60] R. P. Riemsma, J. R. Kirwan, E. Taal, and J. J. Rasker, “Patient
education for adults with rheumatoid arthritis,” The Cochrane
Database of Systematic Reviews, no. 2, Article ID CD003688,
2003.

[61] F. J. Keefe and Y. van Horn, “Cognitive-behavioral treatment
of rheumatoid arthritis pain: maintaining treatment gains,”
Arthritis Care & Research, vol. 6, no. 4, pp. 213–222, 1993.

[62] P. Studenic, H. Radner, J. S. Smolen, and D. Aletaha, “Discrep-
ancies between patients and physicians in their perceptions of
rheumatoid arthritis disease activity,” Arthritis & Rheumatism,
vol. 64, no. 9, pp. 2814–2823, 2012.

[63] D. Nutbeam, “The evolving concept of health literacy,” Social
Science and Medicine, vol. 67, no. 12, pp. 2072–2078, 2008.



10 BioMed Research International

[64] N. J. Roberts, R. Ghiassi, andM. R. Partridge, “Health literacy in
COPD,” International Journal of Chronic Obstructive Pulmonary
Disease, vol. 3, no. 4, pp. 499–507, 2008.

[65] Y. K. Loke, I. Hinz, X. Wang, G. Rowlands, D. Scott, and
C. Salter, “Impact of health literacy in patients with chronic
musculoskeletal disease-systematic review,” PLoS ONE, vol. 7,
no. 7, Article ID e40210, 2012.

[66] P. K. K. Wong, L. Christie, H. Johnston et al., “How well
do patients understand written instructions? Health literacy
assessment in rural and urban rheumatology outpatients,”
Medicine, vol. 93, no. 25, article e129, 2014.

[67] J. M. Hirsh, D. J. Boyle, D. H. Collier et al., “Limited health
literacy is a common finding in a public health hospital’s
rheumatology clinic and is predictive of disease severity,”
Journal of Clinical Rheumatology, vol. 17, no. 5, pp. 236–241, 2011.

[68] L. Caplan, F. Wolfe, K. Michaud, I. Quinzanos, and J. M. Hirsh,
“Strong association of health literacy with functional status
among rheumatoid arthritis patients: a cross-sectional study,”
Arthritis Care & Research, vol. 66, no. 4, pp. 508–514, 2014.

[69] M. K. Paasche-Orlow and M. S. Wolf, “The causal pathways
linking health literacy to health outcomes,” The American
Journal of Health Behavior, vol. 31, supplement 1, pp. S19–S26,
2007.

[70] M. G. Katz, S. Kripalani, and B. D. Weiss, “Use of pictorial aids
in medication instructions: a review of the literature,”American
Journal of Health-System Pharmacy, vol. 63, no. 23, pp. 2391–
2397, 2006.

[71] M. H. Eckman, R. Wise, A. C. Leonard et al., “Impact of health
literacy on outcomes and effectiveness of an educational inter-
vention in patients with chronic diseases,” Patient Education
and Counseling, vol. 87, no. 2, pp. 143–151, 2012.

[72] S. Kripalani, R. Robertson, M. H. Love-Ghaffari et al., “Devel-
opment of an illustrated medication schedule as a low-literacy
patient education tool,” Patient Education and Counseling, vol.
66, no. 3, pp. 368–377, 2007.
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Objective. To analyze the clinical relevance of the levels of TNF𝛼 blockers and anti-drug antibodies (anti-drug Ab) in patients with
rheumatoid arthritis (RA) and spondyloarthritis (SpA) treated with adalimumab (ADA), etanercept (ETA), or infliximab (INF)
for a prolonged period of time.Methods. Clinical characteristics (disease activity, and adverse events), serum TNF𝛼 blockers, and
anti-drug Ab levels were evaluated in 62 RA and 81 SpA patients treated with TNF𝛼 blockers for a median of 28 months. Results.
Anti-ADA Ab were detected in 1 (4.0%) and anti-INF Ab in 14 out of 57 (24.6%) RA and SpA patients. Patient with anti-ADA Ab
and 57.1% patients with anti-INF Ab were considered nonresponders to treatment. Anti-ETA Ab were not found in any of 61 ETA
treated patients. Anti-ADA and anti-INF Ab levels differ between responders and nonresponders (𝑃 > 0.05). Three (5.3%) patients
with high serum anti-INF Ab levels developed infusion related reactions. Patients with anti-INF Ab more often required changing
to another biologic drug (OR 11.43 (95%CI 1.08–120.93)) and treatment discontinuation (OR 9.28 (95%CI 1.64–52.52)).Conclusion.
Patients not responding to treatment had higher serumanti-ADAand anti-INFAb concentrations. Anti-INFAb formation is related
to increased risk of infusion related reactions, changing to another biologic drug, and treatment discontinuation.

1. Introduction

Tumor necrosis factor alpha (TNF𝛼) blockers, such as adal-
imumab (ADA), etanercept (ETA), and infliximab (IFX),
are playing a significant role in the treatment of autoim-
mune inflammatory diseases such as rheumatoid arthritis
(RA) and spondyloarthritis (SpA). Unfortunately, about one-
third of patients do not respond to treatment with TNF𝛼
blockers. For some patients it is due to primary treatment
failure (medication is ineffective or serious side effects
appear) or due to secondary treatment failure when TNF𝛼
blocker loses its effectiveness after an initial good response.
Previous studies have shown that clinical response in RA
patients is related to ADA, ETA, and INF serum levels;
while in ankylosing spondylitis (AS) the literature reports
controversial data [1–4]. Antibody (Ab) formation leads to
a lower TNF𝛼 blocker concentration [5]. This is explained
by immune complex formation between biologic medication

and Ab with neutralization of the functional part of the
drug and an increased clearance of the drug [5]. It is proved
in previous studies that anti-drug antibody (anti-drug Ab)
levels inversely correlate with therapeutic response and drug
levels (one of the reasons for secondary treatment failure)
[4–6]. It was demonstrated that only 4% of patients with
anti-adalimumab antibodies (anti-ADA Abs) achieve clinical
remission compared with 34% anti-ADA Abs negative ones
[6]. In many studies anti-etanercept antibodies (anti-ETA
Abs) were not detectable or only in a low number of patients
and did not impact the clinical response, indicating that ETA
is less immunogenic [4, 7–9]. The appearance of antibodies
(Abs) against the drug has been described in about half of the
patients receiving repeated TNF𝛼 monotherapy; as a conse-
quence, immune suppression by concomitant administration
ofmethotrexate (MTX) is recommended both in RA and SpA
patients [10–18]. Previous studies show that detectable Abs
decrease TNF𝛼 blockers response as much as 80% [19]. ADA,
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Table 1: Patient’s characteristics before initiation of treatment with TNF𝛼 blockers.

RA, 𝑛 = 62 (42.9%) SpA, 𝑛 = 81 (57.1%)
Median disease duration before initiation of TNF𝛼 blocker, years, median (IQR) 8.0 (4.0–20.0) 6.0 (2.0–11.75)
CRP, mg/L, mean ± SD 31.71 ± 20.86 35.87 ± 23.30
ESR, mm/h, mean ± SD 42.1 ± 25.17 44.6 ± 26.61
DAS-28, mean ± SD 5.76 ± 1.35 Na
HAQ, mean ± SD 1.37 ± 0.78 1.3 ± 0.63
ASDAS, mean ± SD Na 15.41 ± 6.13∗

BASDAI, cm, mean ± SD Na 5.5 ± 2.78∗

BASFI, cm, mean ± SD Na 4.78 ± 2.62∗

MASES index, mean ± SD Na 4 ± 2
Patient’s global VAS, mm, mean ± SD 64.19 ± 21.45 67.66 ± 20.5
Patient’s pain VAS, mm, mean ± SD 63.43 ± 22.29 68.97 ± 20.33
Doctor’s global VAS, mm, mean ± SD 57.61 ± 18.16 58.32 ± 11.36
Swollen joints, mean ± SD 17 ± 8 10 ± 8
28 swollen joints, mean ± SD 10 ± 7 Na
Tender joints, mean ± SD 22 ± 15 20 ± 14
28 tender joints, mean ± SD 10 ± 9 Na
Notes: data presented mean ± standard deviation (SD) or median and interquartile range (IQR); ∗axial forms of SpA.
Abbreviations: RA: rheumatoid arthritis, SpA: spondyloarthritis, CRP: C reactive protein, ESR: erythrocyte sedimentation rate, DAS-28: disease activity score in
28 joints, HAQ: Health Assessment Questionnaire, ASDAS: ankylosing spondylitis disease activity score, BASDAI: bath ankylosing spondylitis disease activity
score, BASFI: bath ankylosing spondylitis functional index, MASES:Maastricht ankylosing spondylitis entesitis score, VAS: visual analogue scale, and Na: not
applicable.

ETA, and INF can induce the formation of Abs, resulting in
loss of efficacy and appearance of side effects such as infusion
or injection related reactions [8, 20–22].

Most of the studies were made with only one or two bio-
logic medications without comparing differences in patients
suffering from different inflammatory diseases. The aim of
our study was to assess the relationship between clinical
response, adverse events, and TNF𝛼 blockers serum levels
and antidrug Ab concentrations in RA and SpA (AS and
psoriatic arthritis (PsA)) patients treatedwithADA,ETA, and
INF for a long period of time.We present data on 143 RA and
SpApatientswhose blood sampleswere collected once during
treatmentwithADA, ETA, or INF inCentre of Rheumatology
from January 2012 to December 2013.

2. Patients and Methods

143 patients (62 with RA and 81 with SpA (49 AS and 32
PsA patients), 69 (48.3%) males), receiving treatment with
one of TNF𝛼 blockers (ADA, 𝑛 = 25 (17.4%), ETA, 𝑛 =
61 (42.7%), or INF, 𝑛 = 57 (39.9%)), were included in
this analysis. Patient’s mean age (±SD) was 44.98 (±13.38)
years at the beginning of treatment with TNF𝛼 blockers.
This was a retrospective observational study approved by the
local Ethics Committee. Patients signed an informed consent
form according to the Declaration of Helsinki. All patients
before initiation treatment with one of TNF𝛼 blocker fulfilled
the American College of Rheumatology (ACR) 1987 revised
criteria for RA and the Assessment of SpondyloArthritis
international Society (ASAS) 2010 criteria for axial and
peripheral SpA. Before initiation of TNF𝛼 blocker treatment
all patients had evidence of active disease, as indicated by

a Disease Activity score in 28 joints (DAS-28), 5.76 ± 1.35
(mean ± SD) for RA; swollen (10 ± 8) and tender (20 ± 14)
joints for SpA (peripheral forms); and ankylosing spondylitis
disease activity score (ASDAS) 15.41±6.13 for axial SpA (see
Table 1 for patient’s characteristics before initiation of TNF𝛼
blocker therapy). Blood samples were taken from all patients
treated with ADA and INF in the centre. The biggest group
of patients with TNF𝛼 blockers in our centre is treated with
ETA. In order to have approximately the same number of
patients with ETA comparing with ADA and INF, every third
patient was selected to analyze blood samples.

Tables 2 and 3 present patient’s characteristics at the
time the blood samples were collected. At the beginning of
treatment with INF all patients received 2.7 (±1.67)mg/kg
(2.86 (±1.67) for RA and 2.59 (±1.67) for SPA patients).
However, due to an inadequate response to the initial dose
in 28 (49.1%) patients a gradual escalation of INF dose to 3.98
(±1.74)mg/kg (3.97 (±0.72) for RA and 3.98 (±2.4) for SpA
patients)was given.All patientswere treatedwithADA40mg
every 2 weeks and ETA 50mg/week subcutaneously during
the study.

Lower INF doses were given to all TNF𝛼 blockers naive
RA and SpA patients in our centre because previous studies
have shown that in part of the patients these doses were
effective [23, 24]. In addition, our center obtained similar
results in a retrospective study of RA and SpA patients treated
with TNF𝛼 blockers [25]. This allowed us as a country with
a comparatively lower gross domestic product to treat those
patients with lower doses of INF [26].

We divided patients into those responding to treatment
with TNF𝛼 blockers (responders) and those not responding
(nonresponders). RA patients, whose DAS28 was <3.2 or
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Table 2: RA patient’s characteristics when serum samples were
collected.

Total RA patients, 𝑛 = 62 (42.9%)
Gender: female, 𝑛 (%) 51 (82.3)
Median age, years, mean ± SD 50.65 ± 13.47
Months of treatment, when blood samples
were collected, median (IQR) (interval):

ADA 6 (3–9) (3–84)
ETA 30 (3–54) (3–66)
INF 15 (12–51) (6–102)

Number of performed tests, 𝑛 (%)
ADA 9 (14.5)
ETA 29 (46.8)
INF 24 (38.7)

RF positive, 𝑛 (%) 58 (93.5)
ACCP positive, 𝑛 (%) 26 (41.9)
Erosive disease, 𝑛 (%) 62 (100.0)
TJC-60, median (IQR) 4 (2–12)
SJC-60, median (IQR) 3 (1–8)
Doctor’s GDA, mm, mean ± SD 26.48 ± 17.8
Patient’s GDA, mm, median (IQR) 36.0 (13.0–56.0)
DAS28, mean ± SD 3.44 ± 1.69
SDAI, median (IQR) 12.5 (6.0–24.6)
HAQ, median (IQR) 1.0 (0.373–1.38)
ESR, mm/h, median (IQR) 15 (8–27)
CRP, mg/L, median (IQR) 2.5 (1.2–5.7)
DMARDs use, 𝑛 (%) 50 (80.6)
MTX use, 𝑛 (%) 43 (69.4)
MediumMTX dose, mg/week, mean ± SD 11.22 ± 4.38
GK use, 𝑛 (%) 45 (72.6)
Prednisolone equivalent dose, mg/d,
mean ± SD 7.49 ± 3.35

Notes: data presentedmean± standard deviation ormedian and interquartile
range (IQR) or number (𝑛) and percent of total number of patients;
Abbreviations: RA: rheumatoid arthritis; IQR: interquartile range; SD:
standard deviation, TJC-60: 60 tender joint count, SJC-60: 60 swollen joint
count, GDA:global disease activity visual analogue scale (0–100mm), RF:
IgM rheumatoid factor; ACCP: cyclic citrullinated peptide antibody, DAS28:
disease activity score in 28 joints; SDAI: simplified disease activity index;
HAQ: Health Assessment Questionnaire, ESR: erythrocyte sedimentation
rate; CRP: C-reactive protein; DMARDs: disease-modifying antirheumatic
drugs (e.g., methotrexate, sulfasalazine, leflunomide, hydrochloroquine, and
azathioprine); MTX: methotrexate, and na: data is not applicable.

decreased >1.2 since the initial value, were considered as
having good EULAR response; DAS28 ≥3.2 but ≤5.1 or
decreased ≤1.2 but ≥0.6, moderate EULAR response; DAS28
>5.1 or decreased <0.6, no response to treatment [27]. RA
patients with good or moderate EULAR response were con-
sidered as responders, others as nonresponders. SpA patients
with ASDAS (calculated with CRP) <1.3 were considered as
having inactive disease; whose ASDAS was >1.3 but <2.1,
moderate disease activity; >2.1 but <3.5, high disease activity;
and >3.5, very high disease activity [28]. SpA patients with
inactive disease or moderate disease activity were attributed

Table 3: SpA patient’s characteristics when serum samples were
collected.

Total SpA patients, 𝑛 = 81 (57.1%)
AS patients, 𝑛 = 49
PsA patients, 𝑛 = 32

Gender: male, 𝑛 (%) 58 (71.6)
Median age, years, mean ± SD 41.85 ± 11.23
Months of treatment, when blood samples
were collected, median (IQR) (interval):
ADA 6 (3–18) (3–78)
ETA 30 (12–54) (6–72)
INF 54 (21–66) (3–108)

Number of performed tests, 𝑛 (%)
ADA 16 (19.8)
ETA 32 (39.5)
INF 33 (40.7)

Erosive disease, 𝑛 (%) 43 (53.1)
HLA-B27 positive, 𝑛 (%) 60 (74.1)
Sacroiliitis, 𝑛 (%) 64 (79.0)
TJC-60, median (IQR) 2 (0–4)
SJC-60, median (IQR) 1 (0–2)
Doctor’s GDA, mm, mean ± SD 22.45 ± 14.0
Patient’s GDA, mm, median (IQR) 21 (8.25–45.75)
DAS28, mean ± SD 2.37 ± 1.36∗

HAQ, median (IQR) 0.38 (0–0.88)
BASDAI, mm, median (IQR) 2.24 (1.02–4.66)∗∗

ASDAS-CRB, mean ± SD (interval) 4.77 ± 3.2
ESR, mm/h, median (IQR) 8 (4–21)
CRP, mg/L, median (IQR) 3.6 (1.05–7.58)
DMARDs use, 𝑛 (%) 66 (81.56)
MTX use, 𝑛 (%) 63 (77.8)
MediumMTX dose, mg/week, mean ± SD 10.93 ± 5.07
GK use, 𝑛 (%) 35 (43.2)
Prednisolone equivalent dose, mg/d,
mean ± SD 8.07 ± 5.77

Notes: data presentedmean± standard deviation ormedian and interquartile
range (IQR) or number (𝑛) and percent of total number of patients;
∗peripheral forms of SpA, ∗∗axial form of SpA.
Abbreviations: SpA: spondyloarthritis, AS: ankylosing spondylitis, PsA:
psoriatic arthritis, IQR: interquartile range; SD: standard deviation, TJC-
60: 60 tender joint count, SJC-60: 60 swollen joint count, GDA: global
disease activity visual analogue scale (0–100mm), DAS28: disease activity
score in 28 joints; HAQ: Health Assessment Questionnaire, BASDAI:
Bath ankylosing spondylitis disease activity index (0–100mm), ESR: ery-
throcyte sedimentation rate; CRP: C-reactive protein; DMARDs: disease-
modifying antirheumatic drugs (e.g., methotrexate, sulfasalazine, lefluno-
mide, hydrochloroquine, and azathioprine); MTX: methotrexate, and na:
data is not applicable.

to responders while patients with high or very high disease
activity were considered as nonresponders.

Serum samples were collected once (from January 2012
to December 2013) during the treatment course and were
stored at −80∘C until TNF𝛼 blocker and anti-drug Ab were
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Table 4: Detectable serum levels of TNF𝛼 blockers and anti-drug Abs.

All, 𝑛 = 143 RA, 𝑛 = 62 SpA, 𝑛 = 81
ADA tests total, 𝑛 25 9 16
ADA trough levels, patients 𝑛 (%) 25 (100.0) 8 (88.9) 16 (100.0)
ADA concentration, mean ± SD 8.04 ± 4.2 8.24 ± 3.8 7.1 ± 4.48
Anti-ADA Ab positive, patients 𝑛 (%) 1 (4.0) 1 (11.1) 0
Anti-ADAAb concentration (one sample) 2000 2000 na
ETA tests total, 𝑛 61 29 32
ETA trough levels, patients 𝑛 (%) 57 (93.4) 28 (96.6) 29 (90.6)
ETA concentration, mean ± SD 6.54 ± 2.34 6.06 ± 1.18 6.83 ± 3.5
Anti-ETA Ab positive, patients 𝑛 (%) 0 0 0
INF tests total, 𝑛 57 24 33
INF trough levels, patients 𝑛 (%) 41 (71.9) 14 (58.3) 27 (81.8)
INF concentration, median (IQR) (range) 2.36 (1.95–4.26) (1.52–14.3) 3.77 (1.88–9.4) (1.52–14.3) 2.33 (1.96–4.48) (1.69–35.0)
Anti-INF Ab positive, patients 𝑛 (%) 14 (24.6) 8 (33.3) 6 (18.2)
Anti-INF Ab concentration, median
(IQR) (range) 130 (7.97–289.9) (4.89–1440) 136.0 (21.17–313.03) (9.2–527) 74.4 (5.4–489) (4.89–1440)

Notes: calculations for drug and anti-drug Abs concentrations was done only for trough serum levels. ADA ≤0.024𝜇g/mL, ETA and INF concentrations
≤0.035𝜇g/mL were considered as not detectable for drugs. Anti-ADA Ab ≤3.5 AU/mL, anti-ETA Ab ≤142.0 AU/mL, and anti-INF Ab ≤2.0 AU/mL
concentrations were considered as negative.
Abbreviations: SD: standard deviation, na: data is not applicable.

measured. Patient’s clinical and laboratory data, diagnosis,
disease duration, start of the biologic therapy, adverse events,
erythrocyte sedimentation rate (ESR) and C reactive protein
(CRP), disease activity information, such as visual analogue
scales, disease activity score in 28 joints (DAS28), ankylosing
spondylitis disease activity score (ASDAS), and health assess-
ment questionnaire (HAQ) were assessed at the same time
blood samples for immunogenicity were collected. Patient’s
blood samples were collected at least after 3 months of
treatment with one of the TNF𝛼 blockers, before dosing
the next scheduled dose (ADA and ETA, before scheduled
injection and INF, 8 weeks after last dose, just before
next scheduled infusion). Blood samples of ADA treated
patients were collected at medium 6 months (interquartile
range (IQR) 3–18), ETA, 30 months (IQR 12–54) and INF,
medium42months (IQR 12–66) after the treatment initiation
(Table 2).

Blood samples were analyzed in Centre of Laboratory
Medicine of Vilnius University, using Promonitor ADA,
Promonitor ETA, and Promonitor INF test kits (Progenika,
Derio, Spain) [29].

2.1. Serum ADA and ETA Assay Principle. Promonitor ADA
and Promonitor ETA are a sandwich enzyme-linked im-
munosorbent assay (ELISA) [21]. The microwell strips are
provided precoated with an anti-ADA and anti-ETA human
F(ab)

2
fragment. Diluted calibrators, controls, and diluted

patient samples are added to separate wells, allowing TNF𝛼
blocker present to bind to preimmobilized anti-drug Ab.
Unbound sample is washed away and a second enzyme
horseradish peroxidase- (HRP-) labeled anti-drug mono-
clonal Ab is added to each well. A second incubation step
allows the HRP-labeled anti-drug monoclonal Ab to bind to

theTNF𝛼 blocker that has become attached to themicrowells.
After washing away the excess of unboundHRP-labeled anti-
drug Ab, the remaining enzyme activity is measured by
adding a chromogenic substrate and measuring the intensity
of the color that develops in a spectrophotometer. The signal
obtained is proportional to the amount of the drug in the
patient sample. ADA concentration ≤0.024𝜇g/mL and ETA
concentration ≤0.035 𝜇g/mL were considered as negative.

2.2. Serum INF Assay Principle. Promonitor INF is a capture
ELISA [21]. The microwell strips are provided precoated
with an anti-INF human F(ab)

2
fragment bound to human

recombinant TNF𝛼.This format ensures that TNF𝛼 structure
is not disrupted and is available to bind to INF. Diluted
calibrators, controls, and diluted patient samples are added
to separate wells, allowing INF present to bind to preim-
mobilized TNF𝛼. Unbound sample is washed away and a
specific HRP-labeled anti-INF monoclonal Ab is added to
each well. A second incubation step allows the anti-INFAb to
bind to the INF that has become attached to the microwells.
After washing away the excess of unbound HRP-labeled
anti-INF Ab, the remaining enzyme activity is measured by
adding a chromogenic substrate and measuring the intensity
of the color that develops in a spectrophotometer. The signal
obtained is proportional to the amount of the drug in
the patient sample. INF concentration ≤0.035 𝜇g/mL was
considered as negative.

2.3. Serum Anti-Drug Ab Assay Principle. Promonitor anti-
ADA, Promonitor anti-ETA, and Promonitor anti-INF are
bridging ELISA tests [21]. The microwell strips are provided
precoated with TNF𝛼 blocker. The bridging ELISA takes
advantage of the two arms of IgG subclasses 1, 2, and 3, to
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Figure 1: ADA (a), ETA (b), and INF (c) levels (𝜇g/mL) in responders versus nonresponders RA and SpA patients (𝑃 = 0.142, 𝑃 = 0.488,
and 𝑃 = 0.093, resp.). Data presented as interquartile ranges (75th centile, upper edge of the box; 25th centile, lower edge of the box, and 50th
centile, midline of the box).

crosslink the TNF𝛼 blocker coated on the plane. Calibrators,
controls, and diluted patient samples are added to separate
wells, allowing anti-TNF𝛼 blocker Ab present to bind to
preimmobilized TNF𝛼 blocker. Unbound sample is washed
away and HRP-labeled TNF𝛼 blocker is added to each
well. A second incubation allows the HRP-labeled TNF𝛼
blocker to bind to the Ab that has become attached to the
microwells. After washing away unboundHRP conjugate, the
remaining enzyme activity is measured by adding a chro-
mogenic substrate and measuring the intensity of the color
that develops in a spectrophotometer. The signal obtained
is proportional to the amount of anti-TNF𝛼 blocker Ab in
the patient sample. Anti-ADAAb concentration≤3.5AU/mL,
anti-ETA Ab concentration ≤142.0 AU/mL, and anti-INF Ab
concentration ≤2.0 AU/mL were considered as negative.

2.4. Statistical Analysis. Descriptive statistics were provided
using the mean, standard deviation (SD), median (Md), and

interquartile range (IQR). Frequency data were compared by
the Pearson’s chi-square and Fisher’s exact tests. Differences
in quantitative values between groups were analysed using
Mann-Whitney 𝑈 nonparametric test and 𝑃 < 0.05 was
considered statistically significant. Statistical analysis was
performed using the Statistical Package for the Social Sci-
ences version 17.0 (SPSS, Chicago, IL, USA).

3. Results

Anti-ADA Ab were detected in one patient (4.0%) with
undetectable serum ADA levels. In evaluated patients we
did not find anti-ETA Ab, although in 4 cases (6.6%) ETA
levels were undetectable. Anti-INF Ab were detected in
serum samples from 14 (24.6%) patients, in 13 cases with
undetectable serum trough INF levels (Table 4).

At baseline all RA patients had active disease as indicated
by a mean (±SD) DAS-28 of 5.76 (±1.35) with no differences
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Figure 2: Anti-INF Ab concentration (AU/mL) in responders (𝑛 =
9) versus nonresponders (𝑛 = 48) RA and SpApatients (𝑃 < 0.0001).

in DAS-28 values between patients that subsequently did
(3.3 ± 1.55) or did not (3.46 ± 1.73) develop anti-INF or anti-
ADA Ab (𝑃 = 0.727). At baseline all SpA patients had active
disease as indicated by a mean (±SD) DAS-28 of 4.48 (±1.19)
for peripheral forms, ASDAS 15.41 (±6.13), and BASDAI 5.5
(±2.78) with no differences in those values between patients
that subsequently did (2.91 ± 1.32, 5.73 ± 2.1, and 2.2 ± 0.9,
resp.) or did not (2.3±1.39, 4.82±3.25, and 2.83±2.31, resp.)
develop anti-INF or anti-ADAAb (𝑃 = 0.326, 𝑃 = 0.564, and
𝑃 = 0.718, resp.).

Our results showed a tendency toward higher ADA and
INF levels in all patients responding to treatment, but the
data was not statistically significant (Figure 1). Patients not
responding to treatment had statistically significant higher
anti-ADA (𝑃 < 0.0001) and anti-INF Ab (𝑃 < 0.0001)
concentrations (Figure 2). When analyzing the same data
separately in RA and SpA patients results did not differ
statistically significant between responders and nonrespon-
ders (Figures 3–6). All RA and SpA patients, which were
responding to treatment, had no detectable anti-drug Ab
levels versus nonresponder patients: 1 patient with anti-ADA
Ab and 14 patients with anti-INF Ab (𝑃 < 0.0001).

One RA patient developed anti-ADA Ab (concentration
2000AU/mL) with no detectable levels of ADA. For this
reason ADA was stopped and treatment was changed to
rituximab with success. In 4 patients with good treatment
response ETA levels were undetectable, although anti-ETA
Ab were not found of all ETA treated patients.

We found 14 patients with anti-INF Ab and 13 of them
had no detectable levels of INF. Three patients (5,3%) with
anti-INF Ab had infusion related reactions, 8 (57.1%) had
insufficient treatment effect; 3 patients had good clinical
response. In 3 patients (5,3%) with anti-INF Ab, treatment
was discontinued, in 3 cases dose was escalated, in 3 biologic
drug was changed, and in 5 cases (8,8%) treatment was not
changed (patient’s decision). In 3 patients (5,3%) INF and
anti-INF Ab levels were undetectable.

In order to know the odds of developing infusion
related reactions and TNF𝛼 blockers treatment emendation
in patients with anti-INFAb, we calculated odds ratio (OR) in
143 evaluated patients. Our data shows that patients with anti-
INF Ab have higher odds to have infusion related reaction
(OR 5.88 (95% CI 1.04–33.28)), to change to another TNF𝛼
blocker (OR 11.43 (95% CI 1.08–120.93)), to stop treatment
with INF (OR 9.28 (95%CI 1.64–52.52)), although 95%CI for
these results are wide suggesting low statistical value of these
results. Odds to increase INF dose were not statistically sig-
nificant (OR 2.07 (95% CI 0.43–9.96)). Nevertheless, patients
with anti-INF Ab have lower odds of response to treatment
(OR 0.8 (95% CI 0.19–3.38), not significant) and to continue
INF with the same dose (OR 0.2 (95% CI 0.05–0.69)).

We found negative correlation between MTX use and
presence of anti-drug Ab in ADA patients (Kendall’s tau
correlation coefficient −0.686 (𝑃 = 0.005); Spearman’s rho
correlation coefficient −0.686 (𝑃 = 0.002)), although in
INF patients group correlation was not found (Kendall’s tau
correlation coefficient −0.167 (𝑃 = 0.220); Spearman’s rho
correlation coefficient −0.142 (𝑃 = 0.320), resp.).

There was medium negative correlation between INF
and anti-INF Ab concentrations (Kendall’s tau correlation
coefficient −0.473 (𝑃 < 0.0001); Spearman’s rho correlation
coefficient −0.590 (𝑃 < 0.0001)); low negative correlation
between ADA and anti-ADA Ab was found (−0.302 (𝑃 =
0.088) and −0.348 (𝑃 = 0.088), resp.).

4. Discussion

Our study showed influence of anti-ADA Ab and anti-INF
Ab on clinical response and odds to have infusion related
reactions or treatment emendation in patients with anti-INF
Ab (although it has low statistical value).

In the literature the percentage of patients who develop
anti-drug Ab varies among different autoimmune inflamma-
tory diseases. Anti-drug Ab have been seen in up to one third
of RA and abour 25% SpA patients [2, 3, 30–32]. Studies have
demonstrated that chimeric (mouse-human) drugs, such as
INF, have a greater likelihood of inducing anti-drug Ab
development than do fully human antibodies [33]. As not
all patients treated with anti-TNF agents develop anti-drug
Ab, immunogenicity seems to be the result of several factors
associated with the treatment, the patient, and the external
factors [32]. We have found similar anti-INF Ab formation
levels as seen in past studies, 33.3% of patients with RA
and 18.2% of patients with SpA. We did not find statisti-
cally significant differences between serum TNF𝛼 blockers
concentrations in those responding and not responding to
treatment, although previous studies show that serum drug
levels strongly correlate with clinical response [2, 3, 6, 19–
21, 32]. These results could be explained by small amount
of patients in each group and low initial INF doses. How-
ever, we have found increased odds in changing treatment
from INF to another TNF𝛼 blocker, stopping treatment or
having insufficient treatment effect in patients with anti-INF
Abs.
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Figure 3: ETA (a) and INF (b) levels (𝜇g/mL) in responders versus nonresponders RA patients (𝑃 = 0.956 for ETA and 𝑃 = 0.880 for INF).
Data presented as interquartile ranges (75th centile, upper edge of the box; 25th centile, lower edge of the box, and 50th centile, midline of
the box).
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Figure 4: Anti-INF Ab concentration (AU/mL) in responders
versus nonresponders RA patients (𝑃 = 0.956). Data presented as
interquartile ranges (75th centile, upper edge of the box; 25th centile,
lower edge of the box, and 50th centile, midline of the box).

As reported in previous studies patients receiving treat-
ment with INF show a high rate of infusion-related reactions.
We found 5,3% patients treated with anti-INF Ab who
developed infusion reactions [20]. These data support the
view that detectable titers of anti-INF Ab are associated with
increased risk of infusion reactions, probably because of the
formation of immune complexes and also treatment with
low initial INF doses [33]. Our findings indicate that the
appearance of anti-INF and anti-ADA Ab is associated with
a poor clinical treatment effect, the development of infusion
related reactions, and TNF𝛼 blockers treatment emendation.
Detectable levels of TNF𝛼 blockers in sera of 143 patients did
not correlate with clinical response to treatment with one of

the TNF𝛼 blockers (the differences were not found between
those who responded or not to the treatment).

In our clinic, for all INF patients, treatment was started
with low doses (mean 2.7 (±1.67)mg/kg). Almost half of
patients needed dose escalation due to insufficient clinical
treatment effect; however only 5.3% of patients with anti-
INF Ab dose were escalated due to this reason. This was also
shown in previous publications [34–37]. Although patients in
our clinic started treatment with lower than recommended
INF dosage, the percentage of patients, requiring dose esca-
lation or rate of infusion reactions, is similar as reported
in the studies with adequate INF doses [18]. Levels of low
TNF𝛼 blockers concentrations in sera did not correlate with
clinical response in our patients. However it seems that low
INF trough levels could influence formation of anti-INF Ab
in RA and SpA patients. On the contrary, our data on amount
of patients with positive anti-INF Ab titers who were treated
with low INF doses did not differ from the data of the studies
when the adequate dosage of INF were used [30–32, 35].

As known from the literature ETA has the lowest
immunogenicity [4, 7–9]. Accordingly, in our study none of
the patients were positive for anti-ETA Ab, complementary,
ETA serumdrug concentrationswere not different in patients
responding or not responding to the treatment.

We found one RA patient with positive anti-ADA Ab
levels and undetectable concentration of ADA who had poor
clinical response. Overall, ADA and anti-ADA Ab serum
levels did not correlate with clinical response in RA and SpA
patients.

Long disease duration and high disease activity (DAS28
5.76 ± 1.35 in RA patients, ASDAS 15.41 ± 6.13 in axial
SpA) before treatment with TNF𝛼 blockers can be the factors
also responsible for the fact that we did not find correlation
between detectable levels of TNF𝛼 blockers and anti-drug
Abs with clinical efficacy.
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Our study had its weaknesses. We had low numbers of
patients in groups, and blood samples from the patients were
collected in various time intervals (the longest treatment
period with INF), and so detection of anti-drug Abs could
be influenced by heterogeneity of time periods of treatment.

5. Conclusions

Anti-INF Ab are associated with loss in clinical response, an
increase incidence of infusion reactions, probable secondary
treatment inefficacy, and treatment emendation. The detec-
tion of anti-drug Ab could be helpful in order to understand
the reason of treatment inefficacy when choosing an appro-
priatemedication. Testing for immunogenicity could become
a part of a patient’s everyday clinical management.
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In order to study the humoral immune response against Epstein-Barr virus (EBV) in patients with rheumatoid arthritis (RA) and
to compare it with the two major autoantibody types in RA, plasma samples from 77 RA patients, 28 patients with systemic lupus
erythematosus (SLE), and 28 healthy controls (HCs)were investigated by enzyme-linked immunosorbent assays (ELISA). Increased
percentages of positives and concentrations of IgG/IgA/IgM antibodies against the latent EBV nuclear antigen-1 (EBNA-1) were
observed in RA patients compared to SLE patients and HCs. Increased concentrations and percentages of positives of IgG/IgA/IgM
against the early lytic EBV antigen diffuse (EAD) were also found in RA patients compared to HCs but were highest in SLE patients.
Furthermore, associations between the elevated EBNA-1 IgA and EBNA-1 IgM levels and the presence of IgM and IgA rheumatoid
factors (RFs) and anti-citrullinated protein antibodies (ACPAs, IgG) and between elevated IgA concentrations against EAD and
the presence of RFs and ACPAs in RA patients were found. Thus, RA patients had elevated antibodies of all isotypes characteristic
of latent EBV infection (whereas SLE patients had elevated antibodies characteristic of lytic EBV infection). Notably, for IgM and
IgA (but not IgG), these were associated with the presence of characteristic RA autoantibodies.

1. Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory sys-
temic autoimmune disease. Worldwide, the prevalence is
estimated to be about 0.5%–1%, but the incidence and preva-
lence vary geographically and are 2-3-fold higher in women
than in men. The disease is characterised by inflamed joints
and the production of autoantibodies, for example, rheuma-
toid factors (RFs) and anti-citrullinated protein antibodies
(ACPAs).The etiology of the disease is suggested to be a com-
bination of environmental exposures and gene-environment
interactions, but the exact cause is still unknown [1, 2].
One environmental factor may be the human herpesvirus,
Epstein-Barr virus (EBV).

EBV is one of themost common viruses found in humans
and is believed to infect approximately 95% of the worldwide
population before an age of 40 years [3]. EBV is transmitted
through saliva and infects and replicates in epithelial cells
and B cells. The primary infection with EBV is mostly
asymptomatic during childhood, but during adolescence it
can cause infectious mononucleosis [4].

After primary infection EBV persists latently in memory
B cells, where the only protein expressed is the Epstein-
Barr virus nuclear antigen 1 (EBNA-1), which is responsible
for maintaining viral DNA during the cell cycle and has a
characteristic Gly-Ala repeat region with a presumed role in
immune evasion by EBV. Occasionally, the virus reactivates
and enters the lytic stage expressing genes promoting viral
replication and release of virions [4, 5].

Hindawi Publishing Corporation
BioMed Research International
Volume 2015, Article ID 472174, 9 pages
http://dx.doi.org/10.1155/2015/472174

http://dx.doi.org/10.1155/2015/472174


2 BioMed Research International

TheEBVprotein, early antigen diffuse (EAD) is expressed
during the early lytic stage of EBV’s lifecycle. It is a DNApoly-
merase accessory protein and is required for initiating lytic
viral replication. The presence of EAD antibodies indicates
initiation of viral replication [6, 7].

Cellular immunity is essential for controlling EBV infec-
tion, but the humoral immune response is also activated dur-
ing EBV infection and different serological profiles can reflect
the infection status/history. Viral-capsid antigen (VCA) and
EAD IgM and IgG antibodies are produced during primary
infection and EBNA-1 IgG antibodies are produced later in
the infection. VCA IgM antibodies disappear after conva-
lescence while VCA IgG antibodies and EBNA-1 IgG have
lifelong persistence [8, 9]. IgA against EBV antigens have to
our knowledge not been investigated before in RA patients.

Several studies have shown an elevated humoral and
cellular anti-EBV immune response in RA patients, indicat-
ing that the virus may be associated with the autoimmune
dysfunction in patients with RA [10–14]. Elevated antibody
levels have been found against EBV proteins, such as VCA,
EAD, early antigen restricted (EAR), and EBNA-1, in RA
patients compared to healthy controls and disease controls
[10–13]. In addition, RF positive RA patients have elevated
EBNA-1 antibody concentrations compared to RF negative
RA patients [10]. These studies have mainly focused on EBV
IgG antibodies.

To obtain a detailed picture of the immune response
to antigens representing the latent and lytic phases of the
EBV life cycle and in order to investigate possible epithelial
involvement we studied the occurrence of EBNA-1 and
EAD antibodies (IgM, IgG, and IgA) in RA patients and
control groups. Moreover, we looked for a possible asso-
ciation between EBV antibodies and the RA-characteristic
autoantibodies RFs and ACPAs. Such an association would
strengthen a theory of EBV as amajor etiological agent in RA.

2. Patients and Methods

2.1. Patients and Controls. All patients fulfilled interna-
tionally accepted classification criteria for the autoimmune
diseases investigated [15, 16]. Consents for the studies were
obtained from all patients in accordance with the protocol
approved by the Scientific-Ethical Committee of the Capital
Region of Denmark (number HA-2007-0114).

Plasma samples were obtained from 77 RA patients and
28 SLE patients attending the Department of Rheumatology
at Copenhagen University Hospital in Denmark.

Plasma samples from 28 healthy controls (HCs) were
obtained with consent from volunteers at SSI, Copenhagen,
Denmark.

Clinical characteristics of all patients and controls are
outlined in Table 1. SLE patients and HCs have previously
been reported on in the study by Draborg et al. [17] as well
as RA patients in the study by Troelsen et al. [18].

2.2. ELISA

2.2.1. EBV Antibodies. ELISA was performed as previously
described by Draborg et al. [6]. Briefly, dilutions and washes

were performed in TTN (0.025M Tris, 0.5% Tween 20,
0.15M NaCl, pH 7.5). EBV EAD (Prospec protein spe-
cialist, Ness-Ziona, Israel) and EBV EBNA-1 ((whole pro-
tein) MyBioSource, San Diego, California, USA) diluted
in carbonate buffer to a concentration at 1𝜇g/mL and
0.5 ug/mL, respectively, were applied to a 96-well microtiter
polysorp plate (Nunc, Fisher Scientific Biotech Line A/S).
The antigen was incubated overnight (O/N) at 4∘C fol-
lowed by 30min blocking of unoccupied sites with TTN.
Plasma (1 : 100 or 1 : 20 for detecting IgG antibodies or
IgA/IgM antibodies, resp.) was incubated for one hour. The
wells were washed before incubation with AP-conjugated
goat anti-human IgG/IgA/IgM secondary antibodies (Sigma)
(1 : 2000). The wells were washed again before adding p-
nitrophenylphosphate (p-NPP) (1mg/mL) diluted in AP
substrate buffer.The absorbance was measured at wavelength
405–650 nm (Thermo-Max Microplate Reader, Molecular
Devices).

Each sample was tested in duplicates in both coated wells
and noncoated wells. For each plate, a standard curve was
included using a high titre sample for normalisation of the
absorbance. A sample was considered positive for EAD or
EBNA-1 antibodies if the antibody binding was higher than
the cut-off value (14.53, 2.98 and 22.78U/mL, regarding EAD
IgG, EAD IgA, and EAD IgM antibodies, resp., and 1.50,
7.70, and 8.27U/mL, regarding EBNA-1 IgG, EBNA-1 IgA,
and EBNA-1 IgM antibodies, resp.). The cut-off values were
determined from theHCs (without outliers (determinedwith
Grubb’s test)) using the mean + 2 × SD.

For some experiments, a mosaic EBNA-1 protein without
the Gly-Ala repeat region was used (results not shown).

2.2.2. Autoantibodies. ACPAs were determined by a com-
mercial ELISA kit (Euro-Diagnostica,Malmö, Sweden),mea-
suring IgG antibodies against cyclic citrullinated peptides
(CCPs). Instructions by the manufacturer were followed.

IgM and IgA RFs were determined by ELISA using poly-
styrene plates (Maxisorp) coated with purified IgG. Perox-
idase-conjugated F(ab)2 rabbit immunoglobulin against
human IgM and IgA (DAKO, Copenhagen, Denmark), resp-
ectively, was used as detecting antibodies [19].

2.3. Statistics. Statistical analyses were carried out using
GraphPad Prism software 5 (GraphPad Prism software, Inc.,
La Jolla, CA, USA). Comparison of antibody concentrations
between patients and controls was performed using a Mann-
Whitney test. Comparison of paired samples was performed
using a Wilcoxon test. Statistical significant differences are
indicated with∗,∗∗,∗∗∗, or∗∗∗∗ for𝑃 values less than 0.05,
0.01, 0.001, or 0.0001, respectively. Data are presentedwith the
mean ± SEM.

3. Results

3.1. Early Antigen Diffuse (EAD). An indirect ELISA was
used to measure the amount of EAD IgM/IgG/IgA in plasma
samples from 77 RA patients, 28 SLE patients (disease
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Table 1: Clinical characteristics of the patients and controls.

RA SLE HC
Number of individuals 77 28 28
Average age (years) (range) 55.5 (27–78) 41.3 (20–81) 36.6 (22–61)
Average disease duration (years) (range) 14.8 (2–41) — —
Female (%) 76.6 96.4 96.4
CCP antibody positive (%) 63.6 — —
RF IgM positive (%) 70.1 7.1 —
RF IgA positive (%) 57.1 25 —
Average hsCRP (mg/L) (range) 11.6 (0.3–69.9) 5.1 (1–22) —
HAQ score (range) 0.82 (0–2.9) — —
TSS (range) 86.1 (0–321) — —
Methotrexate (%) 64.9 7.1 —
Glucocorticoids (%) 29.9 60.7 —
NSAID (%) 33.8 14.3 —
Anti-TNF-alfa (%) 36.4 — —

Table 2: EAD antibody positivity rate and EBNA-1 antibody
positivity rate. Table of percentage antibody (Ab) positives of EAD
(a) or EBNA-1 (b) IgG/IgA/IgM, respectively. Determined by use of
cut-off values. RA patients (𝑛 = 77), SLE patients (𝑛 = 28), and HCs
(𝑛 = 28).

(a)

EAD Ab positive (%)
IgG IgA IgM

RA (𝑛 = 77) 19.5 37.7 27.3
SLE (𝑛 = 28) 64.3 64.3 28.6
HC (𝑛 = 28) 10.7 7.1 7.1

(b)

EBNA-1 Ab positive (%)
IgG IgA IgM

RA (𝑛 = 77) 97.4 93.5 97.4
SLE (𝑛 = 28) 89.3 17.6 32.1
HC (𝑛 = 28) 96.4 7.1 7.1

controls), and 28HCs (Figure 1(a)). No significant differences
were observed between the groups regarding EAD IgM levels,
although RA and SLE patients appeared to have slightly
higher levels. However, significant differences in EAD IgG
and EAD IgA levels were seen between RA patients and HCs,
between SLE patients and HCs, and between RA patients and
SLE patients (𝑃 values of 0.0011, <0.0001, and <0.0001, resp.,
for EAD IgG and 𝑃 values of 0.0016, <0.0001, and 0.0056,
resp., for EAD IgA) (Figure 1(a)). The levels of EAD IgG and
IgA were highest in SLE patients and lowest in HCs.

By use of cut-off values determined from HCs, the per-
centages of EAD positives were calculated. RA patients had a
higher percentage of antibody positive of EAD IgM/IgG/IgA
than HCs (Table 2). SLE patients had a higher percentage
of positives of all 3 EAD antibody isotypes than both RA
patients and HCs.

To examine a possible correlation between the two types
of RA-characteristic autoantibodies and the lytic EBV protein
EAD antibodies, the results for RA patients were sorted in
CCP antibody positives and negatives (Figure 1(b)) and RF
IgM/IgA positives and negatives (Figure 1(c)). When sorted
by CCP antibody status, a significant difference was seen for
EAD IgA but not for IgMor IgG (Figure 1(b)). EAD IgA levels
were higher in the group with CCP IgG (𝑃 = 0.048). When
sorted by RF status, significant differences were seen for EAD
IgA and IgG (Figure 1(c)). EAD IgA levels were highest in
the group with RF IgA (𝑃 = 0.001) and EAD IgG levels
were highest in the RF positive group (RF IgM and/or IgA)
(𝑃 = 0.032). No other significant differences were seen, when
these results were sorted by RF status (IgM and/or IgA).

3.2. Epstein-Barr Virus Nuclear Antigen-1 (EBNA-1). Since
EBNA-1 is the only protein expressed by EBV in the latency
I stage of its life cycle [4, 20], it was decided to investigate
EBNA-1 antibodies in plasma from RA patients. Plasma from
77 RA patients, 28 SLE patients, and 28 HCs was tested for
EBNA-1 IgM/IgG/IgA by ELISA (Figure 2(a)). A large and
highly significant difference in EBNA-1 IgM/IgG/IgA levels
between RA patients and HCs and between RA patients and
SLE patients (𝑃 < 0.0001 for all 3 antibody isotypes) was
observed. In contrast, no significant difference was observed
between SLE patients and HCs for EBNA-1 IgM/IgG/IgA
levels (Figure 2(a)).

Cut-off values, determined from HCs, were used to
calculate the percentages of positives for EBNA-1 antibodies.
RA patients had noticeably higher percentages of positives
for EBNA-1 IgA and EBNA-1 IgM levels than both disease
controls and HCs but not for EBNA-1 IgG levels (Table 2).

To examine a possible relation between RA-characteristic
autoantibodies and the latent EBV-protein EBNA-1 antibod-
ies, the 77 RA patients were sorted into CCP antibody pos-
itives and negatives (Figure 2(b)) and IgA/IgM RF positives
and negatives (Figure 2(c)).
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Figure 1: Scattergrams showing individual levels of EAD IgG/IgM/IgA in plasma from RA patients, SLE patients, and HCs and individual
levels of EAD IgG/IgM/IgA from RA patients divided into CCP IgG positives and negatives and divided into IgA RF and IgM RF positives
and negatives. (a) EAD IgM/IgG/IgA levels. RA patients (𝑛 = 77), SLE patients (𝑛 = 28), and HCs (𝑛 = 28). (b) EAD IgM/IgG/IgA levels
sorted into CCP IgG positives (𝑛 = 49) and CCP IgG negatives (𝑛 = 28). RA patients total (𝑛 = 77). (c) EAD IgA levels sorted in IgA RF states,
IgA RF positives (𝑛 = 44) and IgA RF negatives (𝑛 = 33). EAD IgG levels sorted in RF states, RF positives (𝑛 = 56) and RF negatives (𝑛 = 21).
EAD IgM levels sorted in IgM RF states, IgM RF positives (𝑛 = 54) and IgM RF negatives (𝑛 = 23). RA patients total (𝑛 = 77). Groups were
compared using the Mann-Whitney test. Data are presented as mean ± SEM. Concentrations of antibodies are presented in arbitrary units.
Statistical significant differences are indicated with ∗, ∗∗, ∗∗∗, or ∗∗∗∗ for 𝑃 values less than 0.05, 0.01, 0.001, or 0.0001, respectively.

A significant coherence between the EBNA-1 IgM levels
and the CCP antibody state was observed (𝑃 < 0.0001)
(Figure 2(b)). However, there was no difference for EBNA-1
IgG and EBNA-1 IgA levels with regard to CCP antibodies
(Figure 2(b)).

Comparison of the EBNA-1 IgA and EBNA-1 IgM levels
in the 77 RA patients sorted into IgM and IgA RF positives
and negatives, respectively, revealed a significant difference
between the two groups for both EBNA-1 IgM and IgA (𝑃 <
0.0001 and 𝑃 = 0.0005, resp.) (Figure 2(c)). No correlation

was seen when dividing RA patients’ EBNA-1 IgG levels
by any RF isotype positives and negatives (Figure 2(c)) or
between IgM or IgA RF (not shown).

3.3. Relationships between RFs and ACPAs. Coherence
between RF levels and CCP antibody state was also tested and
a highly significant difference was observed in CCP antibody
levels when stratified by either IgA or IgM RF state (𝑃 <
0.0001 for both) (Figures 3(a) and 3(b)).
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Figure 2: Scattergrams showing individual levels of EBNA-1 IgG/IgM/IgA in plasma from RA patients, SLE patients, and HCs and individual
levels of EBNA-1 IgG/IgM/IgA from RA patients divided into CCP IgG positives and negatives and divided into IgA RF and IgM RF positives
and negatives. (a) EBNA-1 IgM/IgG/IgA levels. RA patients (𝑛 = 77), SLE patients (𝑛 = 28), and HCs (𝑛 = 28). (b) EBNA-1 IgM/IgG/IgA
levels sorted into CCP IgG positives (𝑛 = 49) and CCP IgG negatives (𝑛 = 28). RA patients total (𝑛 = 77). (c) EBNA-1 IgA levels sorted in IgA
RF states, IgA RF positives (𝑛 = 44) and IgA RF negatives (𝑛 = 33). EBNA-1 IgG levels sorted in RF states, IgM or IgA RF positives (𝑛 = 56)
and RF negatives (𝑛 = 21). EBNA-1 IgM levels sorted in IgM RF states, IgM RF positives (𝑛 = 54) and IgM RF negatives (𝑛 = 23). RA patients
total (𝑛 = 77). Groups were compared using the Mann-Whitney test. Data are presented as mean ± SEM. Concentrations of antibodies are
presented in arbitrary units. Statistical significant differences are indicated with ∗, ∗∗, ∗∗∗, or ∗∗∗∗ for 𝑃 values less than 0.05, 0.01, 0.001,
or 0.0001, respectively.

3.4. Relation to Treatments. Since immunosuppressive treat-
ments may influence the results of antibody measure-
ments, the influence of immunosuppressivemedications such
as Methotrexate (MTX), glucocorticoids, NSAIDs, TNF-𝛼
inhibitors, andDMARDs on both EADandEBNA-1 antibody
levels was investigated. A small but significant (𝑃 = 0.010)
correlation was only observed between elevated EAD IgM
levels and the intake of MTX but not for EAD IgG or IgA

(Figure 4). No correlations were seen for any drug treatment
and EBNA-1 IgM/IgG/IgA (results not shown).

4. Discussion

The current study examined the possible relation between
EBV and RA. SLE patients were chosen as disease controls,
as SLE is a related connective tissue rheumatic disease with
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Figure 3: Scattergrams showing CCP antibodies from RA patients divided into IgA or IgM RF positives and negatives. (a) CCP antibodies
divided into IgA RF states, IgA RF positives (𝑛 = 44) and IgA RF negatives (𝑛 = 33). (b) CCP antibodies divided into IgM RF states, IgM
RF positives (𝑛 = 54) and IgM RF negatives (𝑛 = 23). RA patients total (𝑛 = 77). The RF positives and negatives were compared using the
Mann-Whitney test. Data are presented as mean ± SEM. Concentrations of antibodies are presented in arbitrary units. Statistical significant
differences are indicated with ∗, ∗∗, ∗∗∗, or ∗∗∗∗ for 𝑃 values less than 0.05, 0.01, 0.001, or 0.0001, respectively.
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Figure 4: Scattergrams showing individual levels of EAD IgG/IgM/IgA in plasma from RA patients divided into the two groups according to
acuteMethotrexate (MTX) treatment. EAD IgM/IgG/IgA levels divided into patients onMTX treatment and patients not onMTX treatment.
RA patients on MTX (𝑛 = 50), RA patients not on MTX (𝑛 = 27), and RA patients total (𝑛 = 77). The two groups were compared using the
Mann-Whitney test. Data are presented as mean ± SEM. Concentrations of antibodies are presented in arbitrary units. Statistical significant
differences are indicated with ∗, ∗∗, ∗∗∗, or ∗∗∗∗ for 𝑃 values less than 0.05, 0.01, 0.001, or 0.0001, respectively.

distinct clinical and serological characteristics (rather than
Sjögren syndromewhich has features overlapping with both).
The study focused on two antigens characteristic of EBVs
different life cycles: the latent EBNA-1 and the early lytic EAD.
EBNA-1 is the only essential protein for maintaining the EBV
genome during the latency stage of the EBV lifecycle [21] and
it is the only protein expressed in the latency stage I.

Elevated antibody concentrations (U/ml) and higher per-
centages of antibody positives were observed in RA patients,
compared to control groups, together with an association
between high EBNA-1 antibody concentrations and the pres-
ence of the characteristic RA autoantibodies, RFs, and ACPA.
More specifically, the percentages of EBNA-1 IgM and IgA
were remarkably higher in RA patients compared to SLE
patients (disease controls) and HCs and EBNA-1 IgM, IgG,
and IgA levels (U/ml) were strongly elevated in RA patients.
This indicates an increased humoral response towards EBV
in the latency stage in RA patients.

Noticeably, if an individual has been exposed to EBV,
EBNA-1 IgG will be measurable throughout the lifetime [22].

Because of the high infection effectiveness of EBV of about
95% of the world population (>40 years old) [3], a similar
percentage of EBNA-1 IgG positives were expected in all
examined groups consistent with the current observations
(Table 2).

In general, IgA and IgM have half-lives in blood of
approximately 1 week after production [23, 24]. Therefore,
high levels of these isotypes may imply an ongoing humoral
immune response [25]. EBNA-1 is expressed at relatively high
levels in EBV-infected cells, but the endogenous pathway of
presentation of EBNA-1-derived peptides in complex with
MHC I on the surface of the cells is restricted due to the
Gly-Ala repeat domain in EBNA-1 that prevents degradation
in the proteasomes [26]. However, the exogenous pathway
presentation of EBNA-1 via MHC II is still effective [27].This
could be a part of the explanation for the present results,
indicating a persistent humoral immune response against
EBNA-1 released from dying infected cells.

The elevated antibody levels and higher percentages of
antibody positives seen in RA patients suggest that the
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immune surveillance of EBV in RA patients is dysfunctional.
This is supported by previous reports that CD8+ T cells spe-
cific for lytic EBV proteins are dysfunctional in RA patients
[28] and, consequently, an elevated humoral response to EBV
has been induced.

The present observations that IgG and IgA levels as well
as percentage of antibody positives against the lytic EBV
protein EAD are elevated in RA patients compared to HCs
also indicate some degree of reactivation of the EBV infection
in B cells and epithelial cells.

In agreement with Draborg et al. [6], SLE patients had
noticeably higher levels and percentages of antibody positives
for both EAD IgG and EAD IgA compared to RA patients,
which indicates that reactivation of EBV is more frequent
in SLE patients than in RA patients (especially in epithelial
cells).

Recent studies have shown that the intake of the immu-
nosuppressive medical Methotrexate (MTX) can lead to
increased reactivation of EBV [29]. The elevated levels of
EAD IgG and EAD IgA in RA patients did not correlate
with patients’ intake of MTX in this study. However, a small
but significant correlation was observed with elevated EAD
IgM levels in patients currently taking MTX at the time
where the blood sample was taken, indicating a low degree
of EBV reactivation by MTX. Similarly, comparing EAD
antibody levels in patients taking other immunosuppres-
sive medications such as glucocorticoids, NSAIDs, TNF-𝛼
inhibitors, and DMARDs, no correlation was observed (data
not shown). Also EBNA-1 antibody levels and the intake of
immunosuppressivemedications were investigated and again
no correlation was observed (data not shown). Altogether,
this shows that the present results cannot be explained by
drug treatment.

The correlation between RFs and CCP antibodies and
the EAD antibody levels was also examined. No correlation
between EAD IgM or EAD IgG and the characteristic RA
autoantibodies in RA patients was found, while a correlation
was observed between elevated EAD IgA levels and IgA RF
positivity in RA patients as well as elevated EAD IgA levels in
CCP antibody positive RA patients.

No relation between EBNA-1 IgG or IgA levels and CCP
antibodies was found. However, an association between the
EBNA-1 IgM response and the presence of ACPA was found.

An interesting hypothesis is that EBNA-1 in a citrullinated
form could act as a target for ACPAs and that this could
be a direct link between EBV infection and the onset or
just progression of production of ACPAs. Combined with
the observation that citrullinated proteins are found to be
abundant in the synovial joints [30, 31], this leads to a theory
that ACPA production could play a role in the induction of
the inflammation found in the synovial joints of RA patients
as suggested by Klareskog et al. [32].

The involvement of exogenous antigens in the production
of ACPAs has also been suggested by Pratesi et al. [33]. Obser-
vations of the presence of antibodies against citrullinated
peptides from EBNA-1 and EBNA-2 in RA patients, while
these are almost absent in HCs and disease controls [33, 34],
led to speculations of the EBV involvement in the production
of ACPA.

This indicates that an antibody response against cells
with reactivated EBV infection could have an influence on
autoantibody production. In accordancewith the observation
that several of the ACPAs react with epithelial cells due to
their content of a number of the target citrullinated proteins
[35], an association could be possible.

No correlation was observed between EBNA-1 IgG levels
and the presence of any RF isotype. However, a significant
correlation between elevated EBNA-1 IgA levels and the pres-
ence of IgA RF as well as association between elevated EBNA-
1 IgM levels and the presence of IgM RF in the RA cohort was
revealed. The same pattern of coherence between the EBNA-
1 antibody levels and the presence of autoantibodies was
observed when investigating mosaic EBNA-1 (without the
Gly-Ala repeats) antibodies and EBNA-1 antibodies (results
not shown).This suggests that the Gly-Ala repeat region does
not have a crucial effect on the amount of EBNA-1 antibodies.

The present results are in accordance with a previous
study, which observed elevated EBNA antibodies in RF-
seropositive RA patients compared to RF-seronegative RA
patients [10]. It may be hypothesised from these findings
that simultaneous processes are responsible for induction
of RFs and EBNA-1 antibodies. These processes could be
induced by the recognition and destruction of EBV-infected
cells, for example, infected memory B cells, where EBV is
in its latency stage I only expressing EBNA-1. Together with
the observations that alteration in the glycosylation of IgG
from EBV-infected B cells in RA patients can impair the
functionality of the IgG [36, 37], a destructed EBV-infected
cell releasing EBNA-1 and IgG could be the antigen source
responsible for the production of both EBNA-1 antibodies
and RFs.

The increased IgM/IgA concentrations against especially
the latent EBV protein, EBNA-1, but also IgG/IgA against the
lytic EBV protein, EAD, in RA patients compared to HCs are
in accordance with previous studies showing elevated levels
of IgG against the EBV proteins, EBNA-1, VCA, and EAD in
sera from RA patients relative to HCs [10, 11]. Later studies
havemainly investigated antibodies against the two lytic EBV
proteins VCA and EAD and found them to be elevated in
RA patients compared to HCs [12, 13]. Although the present
results indicate that the latent EBV infection has a major
influence on RA, these previous observations suggested that
lytic reactivation of the EBV infection also has an influence
on RA.

Finally, the results presented here are in agreement with
the polyclonal B cell activation seen in RA (possibly caused
by EBV) and the clinical efficacy of B cell-depleting agents in
RA [38–41] and are in agreement with previous investigations
[42–46]; RFs and ACPAs were found also in this RA cohort
to be correlated.

To summarise, we found an association between EBNA-1
antibodies and characteristic autoantibodies in RA patients.
As expected, a significant association between anti-CCP anti-
body levels and presence of IgARF and IgMRFwas observed.
Even though the occurrence of antibodies against EBNA-1 in
this study was highly associated with occurrence of ACPA
and RF antibodies, this study was cross-sectional and further
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investigations are needed to elucidate the interplay between
these factors in the pathogenesis of RA.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

References

[1] E.Myasoedova, J. M. Davis III, C. S. Crowson, and S. E. Gabriel,
“Epidemiology of rheumatoid arthritis: rheumatoid arthritis
and mortality,” Current Rheumatology Reports, vol. 12, no. 5, pp.
379–385, 2010.

[2] M. Pedersen, S. Jacobsen, P. Garred et al., “Strong combined
gene-environment effects in anti-cyclic citrullinated peptide-
positive rheumatoid arthritis: a nationwide case-control study
in Denmark,” Arthritis & Rheumatism, vol. 56, no. 5, pp. 1446–
1453, 2007.

[3] K. H. Costenbader and E. W. Karlson, “Epstein-Barr virus and
rheumatoid arthritis: is there a link?” Arthritis Research and
Therapy, vol. 8, article 204, 2006.

[4] H. H. Niller, H. Wolf, and J. Minarovits, “Regulation and
dysregulation of Epstein-Barr virus latency: implications for the
development of autoimmune diseases,” Autoimmunity, vol. 41,
no. 4, pp. 298–328, 2008.

[5] W. Amon and P. J. Farrell, “Reactivation of Epstein-Barr virus
from latency,”Reviews inMedical Virology, vol. 15, no. 3, pp. 149–
156, 2005.

[6] A. H. Draborg, J. M. Jørgensen, H. Müller et al., “Epstein-Barr
virus early antigen diffuse (EBV-EA/D)-directed immunoglob-
ulin A antibodies in systemic lupus erythematosus patients,”
Scandinavian Journal of Rheumatology, vol. 41, no. 4, pp. 280–
289, 2012.

[7] Q. Zhang, E. Holley-Guthrie, D. Dorsky, and S. Kenney, “Iden-
tification of transactivator and nuclear localization domains
in the Epstein-Barr virus DNA polymerase accessory protein,
BMRF1,”The Journal of General Virology, vol. 80, no. 1, pp. 69–
74, 1999.

[8] W. Hinderer, D. Lang, M. Rothe, R. Vornhagen, H. H. Son-
neborn, and H. Wolf, “Serodiagnosis of Epstein-Barr virus
infection by using recombinant viral capsid antigen fragments
and autologous gene fusion,” Journal of Clinical Microbiology,
vol. 37, no. 10, pp. 3239–3244, 1999.
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Patients with osteoarthritis (OA), a condition characterized by cartilage degradation, are often treated with steroids, nonsteroidal
anti-inflammatory drugs (NSAIDs), and cyclooxygenase-2 (COX-2) selective NSAIDs. Due to their inhibition of the inflammatory
cascade, the drugs affect the balance of matrix metalloproteinases (MMPs) and inflammatory cytokines, resulting in preservation
of extracellular matrix (ECM). To compare the effects of these treatments on chondrocyte metabolism, TNF-𝛼 was incubated with
cultured chondrocytes to mimic a proinflammatory environment with increasing production of MMP-1 and prostaglandin E2
(PGE2). The chondrocytes were then treated with either a steroid (prednisone), a nonspecific COX inhibitor NSAID (piroxicam),
or a COX-2 selective NSAID (celecoxib). Both prednisone and celecoxib decreased MMP-1 and PGE-2 production while the
nonspecific piroxicam decreased only the latter. Both prednisone and celecoxib decreased gene expression ofMMP-1 and increased
expression of aggrecan. Increased gene expression of type II collagen was also noted with celecoxib. The nonspecific piroxicam did
not show these effects. The efficacy of celecoxib in vivo was investigated using a posttraumatic OA (PTOA) mouse model. In vivo,
celecoxib increases aggrecan synthesis and suppresses MMP-1. In conclusion, this study demonstrates that celecoxib and steroids
exert similar effects on MMP-1 and PGE2 production in vitro and that celecoxib may demonstrate beneficial effects on anabolic
metabolism in vivo.

1. Introduction

Osteoarthritis (OA) is the leading cause of pain and disability
in older individuals in the US. Currently, there is no cure
for OA, and the standards of treatment are primarily limited
to pain management, steroids and other anti-inflammatory
drugs, physical therapy, and eventual joint replacement [1].
Posttraumatic OA (PTOA) occurs after joint, ligament, or
bone injury or surgery. In all types of OA, mechanical stress
and overuse result in stimulation of proinflammatory cytoki-
nes like TNF-𝛼 (tumor necrosis factor) and matrix metallo-
proteinases (MMPs) [2–4].These MMPs (especially 1 and 13)
degrade type II collagen (CII) resulting in focal lesions in the
articular surface [5–7]. In this mechanism, TNF-𝛼 plays a key
role in the degradation process by stimulating expression and
release of proteases, such as collagenases, aggrecanases, and
MMPs, which degrade collagen and aggrecan. Additionally,

these proinflammatory cytokines stimulate synthesis and
release of nitric oxide (NO) and prostaglandin E2 (PGE2) [8].

The anti-inflammatory effects of NSAIDs are mainly due
to their ability to inhibit cyclooxygenase (COX), impairing
production of prostaglandins, which are importantmediators
of both pain and the inflammatory response. COX enzymes
metabolize arachidonic acid, forming prostaglandin H2,
which is subsequently metabolized by prostaglandin E
synthase into prostaglandin E2 (PGE2) [9, 10]. There are two
isoforms of the COX enzyme: COX-1, found in most tissues
and constitutively expressed in normal cells, and COX-2,
which is not expressed in healthy tissue but is induced by
various catabolic mediators, such as cytokines, growth fac-
tors, and mechanical stress [11]. Beneficial effects of NSAIDs
on inflammation are mediated by COX-2 inhibition, whereas
unwanted gastrointestinal effects are caused by primarily
inhibition of COX-1 [12]. This data initially popularized
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the use of selective COX-2 inhibitors. Celecoxib (SC-58635;
4-[5-(4-methylphenyl)-3-(trifluoromethyl)-1H-pyrazol-1-
yl]benzenesulfon-amide), the only FDA approved COX-2
inhibitor, has been used in the treatment of OA [13, 14].

Previous studies show that nonsteroidal anti-inflamma-
tory drugs (NSAIDs) may have beneficial effects on cartilage
damage through their inhibition of PGE2 production [15, 16].
PGE2, derived from the activity of IL-1𝛽 and TNF-𝛼, results
in decreased proteoglycan content in cartilage explants. [17].
Cartilage from joint replacement surgery patients treated
with celecoxib, a COX-2 selective inhibitor, showed a higher
rate of proteoglycan synthesis and a better retention of the
newly formed proteoglycans, effects which preserve the artic-
ular surface and delay OA. Nonspecific COX inhibitors did
not demonstrate these findings but instead showed a tendency
towards a lower synthesis rate of proteoglycans [18]. A better
understanding of mechanisms and the timing of significant
biologic events in the development of OA and PTOA will
allow investigators to determine optimal timing for biologic
interventions in the future [4].

Current minimalist therapies are only palliative and little
is done to prevent cartilage damage. Because treatment does
not occur until after painful symptoms present, minimalist
therapies (rest, ice, short term NSAIDS, elastic support) for
traumatic or sport injuries whether or not they are surgically
treatedmay bemissing an opportunity to prevent or slowOA
development with early pharmacological intervention.

In previous studies, we have accomplished early OA
detection using a fluorescent selectively binding monoclonal
antibody (Mab) which binds exposed CII in the articular
cartilage. Binding is measured with a near-infrared imaging
system.The amount of binding is observed to be proportional
to the extent of the damage to the cartilage [19].

In this study, we subject chondrocytes in vitro to a proin-
flammatory dose of TNF-𝛼 (thus mimicking an activated
chondrocyte) and subsequently compare the efficacy of a
steroid (prednisone), a COX-2 selective inhibitor (celecoxib),
and a nonselective COX inhibitor (piroxicam) for reducing
catabolic MMP and PGE2 production and stimulating
anabolic CII and aggrecan production [20]. We have also
investigated the effect of the COX-2 inhibitor on the pro-
gression of PTOA in vivo. This is accomplished using a
mechanically loaded PTOAmousemodel and this lab’s previ-
ously studiedmonoclonal antibody damage detection system.
Mechanical loading induces inflammatory change through
the nuclear factor-𝜅B (NF-𝜅B) pathway, thus initiating proin-
flammatory action [21]. Use of a mechanically loaded PTOA
model will allow future longitudinal studies of drug efficacy
without the need for sacrificing animals during the study.This
preliminary study with the PTOA model establishes a non-
invasive, easily reproducible method for initiating inflamma-
tory PTOA changes in murine joints. Fluorescently tagged
antibodies bind to exposed articular cartilage [19]. This
binding ismeasured as radiant efficiency using IVIS scanning
of the intact murine joint [19]. Modifications to the disease
state over the course of treatmentwith drugs such as celecoxib
can be continuously followed. Results from this preliminary
study will guide future research in this direction.

2. Methods

2.1. Cell Culture. The primary chondrocytes used in this
investigation were aseptically harvested from the articular
cartilage of the femoral condyles of domestic pigs ranging
from 25 to 35 kg. Articular cartilage was removed from the
condyles in thin sections by cutting just beneath the surface
in a direction that paralleled the natural curvature of the
condyles. All tissues were taken from the knees of healthy
pigs freshly sacrificed for other experiments according to
approved protocols and experimental procedures of the
University of Tennessee Health Science Center.

The chondrocytes were isolated by 1-2-hour digestion at
37∘C in 0.05% Pronase (Boehringer Mannheim, Mannheim,
Germany), followed by overnight digestion in at 37∘C in
0.2% collagenase (Worthington Biologicals, Lakewood, NJ)
using modified F-12K medium (Invitrogen, Grand Island,
NY) with 5% fetal calf serum (FCS, Atlanta Biologicals, GA).
The cells were then plated at 15,000 cells/cm2. Cells were
cultured at 37∘C in a humidified atmosphere of 5% CO

2

and in F-12K medium supplemented with 10% FCS, strep-
tomycin (50𝜇g/mL; Invitrogen), penicillin G (50 IU/mL;
Invitrogen), L-glutamine (2mM; Invitrogen), and ascorbic
acid (50𝜇g/mL; Invitrogen).Themedium was changed every
other day until the cells were confluent.

2.2. Drug Preparation and Treatment. Piroxicam, celecoxib,
and prednisone were purchased in powdered form from
Sigma-Aldrich (St. Louis, MO). Drugs were prepared for
three treatment groups: celecoxib (10 𝜇M), piroxicam (5 𝜇M),
and prednisone (5 𝜇M). All drugs had minimal solubility in
water; thus 10 𝜇L of DMSO was used to fully dissolve 1mg
of each drug. The drug/DMSO mixture was then diluted
to the desired treatment molarity with serum free F12K
media containing 5mL penicillin/streptomycin and ascorbic
acid (50 𝜇g/mL). To activate chondrocytes and stimulate an
inflammatory response, all groups were dosed with 5 ng/mL
of TNF-𝛼. After 24 hours, the supernatant media were
removed for Western blot analysis for MMP-1 and ELISA for
PGE2.

2.3. PTOA Mouse Model and In Vivo Drug Treatment.
Twenty-four C57BL/6 male mice (age of 10 weeks at time
of mechanical loading; body weight of ∼20 g with <10%
variance) were obtained from Jackson Laboratory (Maine,
USA). Mice were randomly divided into two test groups:
a control to which a mechanical load was applied to the
left knee without drug treatment and a mechanically loaded
group treated with celecoxib. All procedures, in this study,
were performed according to approved protocols and exper-
imental procedures of IACUC at the University of Tennessee
Health Science Center. In order to prepare for mechanical
loading, the mice were placed in an anesthetic induction
chamber and anesthetized continuously with 2% isoflurane.
The left leg of eachmouse was positioned into a custommade
loading apparatus within the calibrated ElectroForce 3200
(Bose Corp., MN, USA) biomaterials test instrument. The
distal femur rested in the upper cup and the dorsiflexed ankle
was inserted into the bottom cup of the apparatus (Figure 7,
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schematic diagram). In order to execute the loading protocol,
the left knee joint of each mouse received 40 cycles of
compressive loading at 9N, three times weekly for two weeks.
These methods were adapted from Poulet’s protocol [22].The
mice were allowed to have normal activity in between and
after load applications. The loading data was collected for
each mouse using WinTest software (Bose Corp., MN, USA).
Allmicewere treatedwith 5weeks of either celecoxib or saline
with 0.1% DMSO by daily gavaging beginning on day 1 of
mechanical loading. Celecoxib was dissolved in saline with
0.1% DMSO and administered at a dosage of 10mg/kg/day
(0.268mg in 100 𝜇L) per Cottrell’s previous study [23]. Each
dose was equal and administered according to the same
therapeutic regimen based on the average initial weight of all
experimental mice.Themice were allowed to ingest oral food
and water ad libitum.

2.4. Cell Viability. For counting and general microscopic
observations, isolated chondrocytes were stained with 0.4%
trypan blue dye and counted under light microscopy using a
0.1mm deep hemocytometer (Reichert, Buffalo, NY).

2.5. PGE2 Enzyme-Linked Immunosorbent Assay (ELISA).
After 24 hours of treatment, supernatants were collected
from each well and analyzed for PGE2 concentration with
an Enzyme Immunoassay kit (Item number 514010, Cayman
Chemical Co., Inc., Ann Arbor, MI). Finally, the microtiter
plate was read at a wavelength of 405 nm using a plate reader
(SPECTRAmaxTM, Molecular Devices Corp., CA).

2.6. Western Blot for MMP-1. After 24 hours in culture, the
supernatants were collected and proteins isolated. Protein
concentrations were normalized by cell number and then
mixed with Laemmli sample buffer, separated by SDS/PAGE,
and electrophoretically transferred to PVDFmembranes (GE
Healthcare, PA). Blots were blocked for 1 h in Tris-buffered
saline with 5%milk and incubated overnight at 4∘C with pri-
mary antibodies toMMP-1. Membranes were washed in Tris-
buffered saline, incubated with HRP conjugated secondary
antibodies, and washed. Immunoreactive bands were visual-
ized by incubation with ECF substrate (Amersham, PA).

2.7. Optical and Histopathological Analysis. Cartilage damage
in early OA was quantitated using a fluorescent monoclonal
antibody that binds exposed CII (MabCII) in the articular
cartilage. Binding of the antibody to the damaged cartilage
in vivo is measured with an optical imaging system. We
have shown that the amount of binding is observed to be
proportional to the extent of the damage to the cartilage
[19]. To determine the amount of cartilage damage in vivo,
mice were injected retroorbitally with 80 𝜇L of solution
containing near-infrared fluorescent dye (NIF) conjugated to
type II collagen antibody using a XenoLight CF680 Labeling
kit (Caliper Life Science, MA). After 24 hours, the mice
were anesthetized, depilated, and scanned using the in vivo
imaging system (IVIS Lumina XR System, Perkin Elmer,
Hopkinton, MA) with a mid-high range filter set (excitation
675 nm, emission 720 nm). The fluorescence remaining in

each knee joint was quantified using Living Image 4.0 soft-
ware to calculate the flux radiating omnidirectionally from
the region of interest (ROI) and graphed as radiant efficiency
(photons/sec/cm2/str)/(𝜇W/cm2). To yield a standardized
ROI for measurement of the knee fluorescence, the same area
of capture was used for each mouse. Fluorescence from a
null or background capture area (consisting of muscle and
skin tissue) was measured and subtracted from each articular
reading [19]. After IVIS imaging, the mice were sacrificed,
and their knees were dissected and the femoral tibial and
patella portions were reimaged separately by IVIS. The knees
were dissected to get cartilage tissues and then were put
into RNAlator in order to isolate RNA for rtPCR. Also,
some of knees were then fixed in 10% formalin solution for
histopathological analysis and decalcified with Decalcifying
Solution (Thermo Scientific,MA) before embedding in paraf-
fin. Twenty histological sections, each taken 200𝜇m apart,
were analyzed for arthritic joint damage across the entire
joint. The sections were stained with H&E.

2.8. Quantitative Real-Time Reverse Transcription-Polymerase
Chain Reaction (RT-PCR). RNA was extracted from the
cells with TRIzol reagent (Invitrogen Life Technologies,
Carlsbad, CA) according to the manufacturer’s protocol.
To measure target gene expression, we used an ABI Prism
7900 Sequence Detection System (Applied Biosystems, Fos-
ter City, CA) for RT-PCR with custom designed primers
and fluorescently labeled oligonucleotide probes specific
for porcine CII (Ss03373343 g1), aggrecan (Ss03373377 m1),
MMP-1 (Ss04245659 m1), MMP-13 (Ss03373279 m1), and
the housekeeping gene, 𝛽-actin (Ss03375629 u1) for in vitro
test. In vivo, we used the probe CII (Mm00491889 m1),
aggrecan (Mm00545794 m1), MMP-13 (Mm00439491 m1),
and 𝛽-actin (Mm00607939 s1) but not MMP-1 as this gene
is not highly expressed in mice. All primer and probe sets
were purchased from Applied Biosystems. According to the
manufacturer’s protocol, the cycle threshold (Ct) values were
measured and the relative transcription levels were calcu-
lated.The data was plotted as a relevant expression calculated
as 2−ΔΔCt, where the cycle threshold is the beginning of the
logarithmic amplification of the probe set, and ΔCt is the
difference of the target gene Ct subtracted from the house-
keeping gene Ct. Data was then calculated as 2 (the increase
in probe signal generated with each cycle) to the negative
exponential value of ΔCt and plotted as a relative change to
either controls or the TNF-𝛼 stimulated group [24–26].

2.9. Statistics. All experiments were performed indepen-
dently at least three times. Microsoft Excel with Student’s 𝑡-
test and analysis of variance were used to determine statistical
significance. A 𝑃 value of less than 0.05 was considered
statistically significant. Also, a one-way ANOVA test was
performed for analysis of cell viability.

3. Results

In order to show the efficacy of the COX-2 inhibitor in reduc-
ing cartilage damage, a catabolic state was induced in vitro
with articular chondrocytes. This was accomplished with the
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Figure 1: Cell viability. Chondrocytes viabilities were measured
using trypan blue method after 24 hours of treatment with the
experimental drugs. As the figure indicates, none of the drugs had an
effect on cell viability as compared to the control group. The dotted
line denotes normal chondrocytes untreated with TNF-𝛼 or drugs.

introduction of the cytokine TNF-𝛼 at an optimized concen-
tration of 5 ng/mL, determined experimentally by RT-PCR
forMMP-1 gene expression as shown in Supplemental Figure
1 in Supplementary Material available online at http://dx.doi
.org/10.1155/2015/595273. These results were previously
reported [27].

Pig chondrocytes showed no change in cell viability after
treatmentwith the various drugs, norwas there any difference
between the cells stimulated with only TNF-𝛼 (5 ng/mL)
compared to cells receiving different drugs. There were no
statistically significant differences in cell viability between
groups, and the average cell viability among the groups was
greater than 90% (Figure 1).

Figure 2 shows gene expression of CII, aggrecan, and
MMP-13 after treatment with the various drugs and TNF-𝛼.
All drug treatments significantly increased anabolic activity
as evidenced by CII and aggrecan expression. Treatment
with celecoxib resulted in a 6-fold increase in CII expression
over the control. Piroxicam and prednisone increased CII
expression by 2- and 3-fold, respectively. Celecoxib increased
aggrecan expression by 3.2-fold, whereas piroxicamandpred-
nisone increased aggrecan by 1.8- and 2-fold, respectively.
Treatments with either celecoxib or prednisone were shown
to decrease expression of the proteinase MMP-13 in a statis-
tically equivalent manner, about 70% below the TNF stimu-
lated level. Piroxicam had no effect on MMP-13 expression.

Western blot analyses show the effect of pharmacologic
treatment on MMP-1 production (Figure 3(a)) by chondro-
cytes stimulated with TNF-𝛼 in vitro. The proinflammatory
cytokine TNF-𝛼 increases both the gene expression of MMP-
1 (Supplemental Figure 1) and concentration of the MMP-1
protein as measured by Western blot. Similarly, the PGE2
ELISA shows the effects that TNF-𝛼 and pharmacologic
treatments have on PGE2 production by porcine chondro-
cytes (Figure 3(b)). Both assays showed comparable trends.
Chondrocytes treated with TNF-𝛼 alone showed increased
production of both MMP-1 and PGE2. However, when
the TNF-𝛼 was combined with pharmacologic treatment,

the production of MMP-1 and PGE2 was reduced. Celecoxib,
the COX-2 selective inhibitor, proved to be the most effective
at decreasing the production of the inflammatory cytokines,
decreasing PGE2 concentration by 90%. Piroxicam, the
nonselective COX inhibitor, and prednisone, the steroid, had
a substantial effect, but they were less effective than celecoxib.

In vitro data shows celecoxib to be an effective agent both
increasing anabolic activity of chondrocytes and decreasing
protease activity. To more closely approximate a clinical
scenario, celecoxib was administered to a murine PTOA
model inmicewhere a knee joint was compressively loaded in
a repetitivemanner.Thesemice were subjected tomechanical
loading and simultaneously treated for 5 weeks with either
celecoxib or saline. At the end of this time the expression
of CII, aggrecan, and MMP-13 was measured in cartilage
samples taken from the mechanically loaded knee joint.
Celecoxib treatment significantly increased production of
aggrecan and decreased MMP-13 over that seen in mechani-
cally loadedmice receiving no treatment. CII production was
not significantly increased by celecoxib treatment but tended
to trend upward (Figure 4).

In previous studies, IVIS scanning has been used to
quantify the degree of cartilage damage due to PTOA [28].
In this study, we adapt this method to show how treatment
with celecoxib alters damage severity. This effect is further
confirmed by histological evaluation. Figure 5 shows flores-
cence intensity in both celecoxib and saline treated PTOA
mice. Due to the selectively binding nature of MabCII-NIF,
this intensity (ROI) directly correlates with cartilage damage.
The MAbCII-NIF showed selective binding to the damaged
cartilage in the mechanically loaded left knee (Figure 5(a)).
The loaded left knee of the celecoxib treated mouse shows a
lower signal intensity and ROI (Figure 5(b)) as compared to
the loaded left knee of the saline treated mouse, suggesting
less damage to the articular surface after treatment with
celecoxib.These results correlate with histology of the loaded
joints. The loaded joint treated with saline (Figures 6(a) and
6(b)) shows extensive damage to the articular surface. The
loaded knee of celecoxib treated mouse (Figures 6(c) and
6(d)) shows a more intact articular surface. The superficial
articular layer in the celecoxib-treated knees demonstrates a
more linear, intact structure than that of the saline treated
knees. Chondrocytes in the deeper zone of the celecoxib-
treated knee (Figure 6(d)) do not show the increased cell pro-
liferation within the isogenous groups seen in the nontreated
mechanically loaded knee (Figure 6(b)).

4. Discussion

In OA, chondrocyte homeostasis becomes imbalanced for
synthesis and degradation of the extracellular matrix, result-
ing in progressive disruption of articular cartilage. TNF-𝛼
and other cytokines may play key roles in the destructive
process by triggering release of proteases, such asmatrixmet-
alloproteinases (MMPs), which degrade collagen. As shown
in this study, we used TNF-𝛼 (5 ng/mL) to stimulate cultured
chondrocytes and to mimic a catabolic environment in vitro
[27].This proinflammatory cytokine stimulated synthesis and
release of PGE2 [8]. The function of PGE2 in OA is not
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Figure 2: Gene expression in vitro after treatment with TNF-𝛼with or without additional drugs. Changes in CII (a), aggrecan (b), andMMP-
13 (c) gene expression after treatment with TNF-𝛼 (5 ng/mL) with or without drug treatment. Gene expression after treatment with TNF-𝛼
only is set as the base case (equal to 1). Gene expression of the drug treated chondrocytes is relative to the “no drug” case which contains
TNF-𝛼 but no drug treatment. (∗ indicates 𝑃 < 0.05).
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Figure 3: Protein production assays for MMP-1 and PGE2 in vitro after treatment with TNF-𝛼 with or without additional drugs. MMP-1 and
PGE2 after treatment with TNF-𝛼 (5 ng/mL) with or without drug treatment. (a) shows that TNF-𝛼 induced MMP-1 production (compare
columns 1 and 2). All drug/TNF-𝛼 combinations result in less MMP-1 production, with celecoxib reducing production of MMP-1 most
dramatically. (b) shows that TNF-𝛼 alone induces PGE2 production. All drugs significantly reduce PGE-2 production, celecoxib being the
most effective. The dotted line represents PGE-2 production with no TNF-𝛼 and no drug treatment.

entirely clear as it has both catabolic and anabolic effects on
cartilage [15, 16]. In OA, however, chondrocyte expression
of COX-2 increases, thereby increasing PGE2 concentration
to nano- to micromolar concentrations [29, 30]. Hardy et al.
demonstrate that both COX-2 and PGE2 effect proteoglycan

production in OA chondrocytes in a concentration depen-
dent manner; namely, high concentrations of both reduce
proteoglycan synthesis [31]. Several studies suggest that at
nanomolar concentrations PGE2 exerts a catabolic influence.
Specifically, they have found that, in OA cultures treated with
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Figure 4: In vivo gene expression of cartilage frommechanically loadedmouse knees. Cartilage of mechanically loaded knees after treatment
with celecoxib (10mg/kg) by gavage for 5 weeks demonstrated increased gene expression of anabolic markers CII and aggrecan as compared
to a mechanically loaded knees of mice treated with saline alone “no drug” (a). The increase in aggrecan gene expression reached statistical
significance (b). Treatment with celecoxib significantly decreased MMP-13 gene expression as compared to the “no drug” control (c) (𝑛 = 6
for each treatment group). The “no drug” group has been treated with TNF-𝛼, but not celecoxib.

celecoxib, the direct addition of PGE2 negates the beneficial
effect of celecoxib on MMP, CII, and aggrecan levels [30, 31].
Additionally, research by Attur et al. shows that exogenous
PGE2 increases MMP-13 expression which in turn increases
collagen breakdown and reduces proteoglycan synthesis [30].
In a separate study this group of researchers demonstrated
that treatment with celecoxib results in decreased MMP-1
expression. In our study, PGE2,MMP-13, andMMP-1 expres-
sions are all observed to decrease after celecoxib treatment.
NSAIDs could potentially affect cartilage through inhibition
of PGE2 production [14, 31]. Other studies show that NSAIDs

function to prevent cartilage damage. Cartilage from patients
treated before joint replacement surgery with the COX-2
inhibitor celecoxib showed a higher rate of proteoglycan
synthesis and a better retention of the newly formed pro-
teoglycans. In contrast, nonspecific COX inhibitors showed a
tendency towards a decreased rate of proteoglycan synthesis
[18]. The in vitro concentration of celecoxib used in these
experiments was taken from Mastbergen et al. who demon-
strated that proteoglycan turnover was greatest at 10𝜇M. In
vivo dosing of celecoxib (10mg/kg) was adapted fromCottrell
and O’Connor’s dosage for mice [23]. Our dose of piroxicam
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Figure 5: Optical imaging of fluorescently labelled MabCII antibody in PTOA model mice with and without treatment with celecoxib. IVIS
scanning shows fluorescent CII targeted antibody binding to the damaged cartilage surface. (a) shows the antibody binding in greater quantity
to the loaded left knee in both the drug treated and nondrug treated cases. Antibody binding to the loaded knee of the celecoxib treated group
is lower than the loaded knee of the nondrug treated group. The red arrow indicates a mechanically loaded knee. (b) quantifies this binding
by measuring fluoresce intensity and calculating radiant efficiency. Results are parallel (a) (𝑛 = 6 for each treatment group).

is the maximum dose possible without yielding significant
effects on cell division and viability as demonstrated by
Chang et al. [32]. The in vitro data obtained in this study
shows that chondrocytes treated with celecoxib produce
fewer arthritis-associatedmediators such as PGE2 andMMP-
1 than chondrocytes treated with piroxicam or prednisone
and more anabolic indicators, namely, CII and aggrecan.

In our study and others, nonselective COX inhibitors,
represented in our experiment by piroxicam, have been
shown to have minimal beneficial effect on proteoglycan
turnover and repair [33, 34]. This difference in NSAID effect
supports COX-2 involvement in catabolic activity regulation
in cartilage, whereas COX-1 activity may have a more consti-
tutive role in chondrocytes [14, 35]. We chose to investigate
the COX-2 inhibitor in vivowith the hypothesis that preserv-
ing the COX-1-mediated constitutive role, while inhibiting
the induced COX-2 activity, would optimize OA treatment
and prevention. Furthermore, few studies have described the
effects of celecoxib on cartilage destruction in vivo [14, 36–
39]. In ex vivo studies, 4 weeks of celecoxib treatment is
shown to have beneficial effects on proteoglycan synthesis
rates and proteoglycan retention, though no differences in the
histopathological Mankin score were observed [38]. Studies
of this kind are limited by sample size and duration and the
lack of a reproducible animal model for OA and drug moni-
toring. Other animal models of PTOA require direct surgical
manipulation and lead to aggressive and rapid joint destruc-
tion. Our studies utilize a PTOA animal model that requires
no invasive intervention. The mechanical loading technique
is easily reproducible and provides an alternate nonsurgical
means of replicating the pathophysiology of PTOA.

Trauma which gives rise to osteoarthritic change is
accompanied by injury of the adjacent soft tissues resulting
in an increase of proinflammatory cytokines such as TNF-
𝛼 in the joint space. As such, the combined action of
trauma-induced and cytokine-induced processes in cartilage
characterizes the early development of PTOA (Lewis et al.).
Coupled with a noninvasive method of monitoring OA
damage, this model could help researchers continuously
monitor OA progression and the efficacy of drugs over
the disease course. The noninvasive monitoring technique
described in this experiment uses a fluorescently labeled
monoclonal antibody targeted to CII (MabCII-NIF) and
IVIS scanning. Previous studies by this lab have shown this
method to be effective at identifying early stages of OA
corresponding to histopathological Mankin scores less than
3 [19, 28]. Early changes of PTOA occur within 24 hours
of joint injury. These changes include chondrocyte apoptosis
and a significant surge in proinflammatory cytokines, nitric
oxide, free radicals, and MMPs resulting in cartilage matrix
damage [4, 40–44]. Therapies to target this phase need to
be given early in disease when both clinical symptoms and
histopathological Mankin scores are low [4].

As shown at our animal study the celecoxib reducedMMP
expression and delayed the progress of arthritic damage in
PTOA. However, for long-term therapy with this drug, the
side effect of cardiac risk must be considered [45, 46]. The
targeted antibody used in this study selectively binds to tissue
demonstrating early OA changes and can be conjugated to
a drug-encapsulating nanoscale liposome (nanosome) [19].
Delivery of therapeutic agents such as celecoxib with this
nanosome may bring timely effective treatment to the site of
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Figure 6: Histopathology of mechanically loaded knee joints with and without treatment with celecoxib. This figure shows H&E stained
coronal sections of loaded mouse knees. Twenty histological sections, each taken 200 𝜇m apart, were analyzed for arthritic joint damage
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joint damage, maximizing local drug delivery while mini-
mizing systemic side effects. The mechanically loaded PTOA
mouse model combined with IVIS scanning provides a
means to monitor drug effects using this treatment method
longitudinallywithout animal sacrifice [28].The combination
of early detection with aggressive, targeted pharmacologic
treatment could have an enormous impact on the treatment
and prevention of OA while reducing the side effect burden
of common effective treatments.
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rate, adjusting for measured confounders. Results. Tocilizumab-treated patients (𝑛 = 95) presented higher baseline disease activity
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1. Introduction

Tumour necrosis factor inhibitors (TNFi) were the first
biological agents introduced in the treatment of rheumatoid
arthritis (RA). They have been widely used for over 15
years now and extensive evidence of their efficacy and
effectiveness has accumulated, arising from numerous ran-
domised clinical trials (RCTs) and large observational studies
[1–6]. Tocilizumab, a monoclonal antibody targeting the
interleukin-6 receptor, has become available one decade later
and has progressively gained its place into RA treatment algo-
rithms [7]. It has now been included in the last 2013 European
League Against Rheumatism (EULAR) recommendations as
one of the potential first line biologic drugs, alongside TNFi
[7], after methotrexate (MTX) and/or other synthetic dis-
eases modifying antirheumatic drugs (DMARDs) failure, a
guidance followed by several national rheumatology societies
[8].

TNFi are highly efficacious, both in monotherapy and
in combination with synthetic DMARDs, such as MTX.
Several indirect comparisons of RCTs and register-based
observational studies failed to show significant differences in
effectiveness between TNFi, although there are no available
RCTs specifically addressing this issue [3–6, 9–12]. Likewise,
tocilizumab presents good response rates, not only with
concomitant MTX, but also in monotherapy [13, 14]. The
only available head-to-head study, comparing tocilizumab
and adalimumab in monotherapy, revealed higher clinical
response with the former [15]. While RCTs directly assess-
ing both classes of drugs in combination with synthetic
DMARDs aremissing, indirect comparisons through system-
atic reviews of RCTs have reported similar American College
of Rheumatology (ACR) 50 responses [11, 12, 16–19] between
tocilizumab and TNFi, with only one of these studies suggest-
ing a higher ACR70 response rate with tocilizumab [16].

Real life observational data have confirmed the effec-
tiveness of tocilizumab, with studies reporting 39–54.9% of
the patients achieving remission according to disease activity
score-28 joints (DAS28) [20–22] and 50.7% reaching ACR50
response at 24 weeks [22]. However, there are few observa-
tional register-based studies comparing the effectiveness of
different biologic drug classes in real life circumstances. In
one of such studies, Yoshida et al. compared the remission
rates after 6 months of treatment with tocilizumab or TNFi
and found that although the percentage of patients reaching
DAS28-erythrocyte sedimentation rate (ESR) remission was
higher with tocilizumab, the rates of stringent Boolean
remission were similar in both groups [23]. This finding
reflects the profound effect of tocilizumab upon inflamma-
tory markers, due to the direct inhibition of IL-6, a major
activator of the acute phase response [24]. Thus, response
rates to tocilizumab might be overestimated when consid-
ering composite scores that include inflammatory markers,
such as the DAS28, where ESR or C-reactive protein (CRP)
has a high weight on the overall score [24].

With this in mind, we aimed to compare the effectiveness
of TNFi and tocilizumab in RA treatment, according to
different response criteria, in patients followed for at least
6 months in a multicentre nationwide cohort. We further

looked at assessing the impact of previous biologic therapies
on treatment response.

2. Methods

2.1. Patients. The Rheumatic Diseases Portuguese Register,
Reuma.pt, is a nationwide clinical register established in 2008
and used in daily practice by nearly all rheumatology centers
in Portugal [25]. Biologic therapy for RA has been available
in Portugal since 2000, with the introduction of etanercept
and infliximab. Adalimumab was approved in 2003 and
the three drugs currently account for the majority of treat-
ments. Tocilizumab and golimumab have become available
in 2009 and 2010, respectively, and have progressively been
incorporated into the daily clinical practice. The decision
to initiate, switch, or maintain biologic treatment is guided
by the SPR recommendations [8], which make no formal
statement about which agent(s) should be considered as first
line option(s).

We included patients fulfilling ACR 1987 revised RA cri-
teria, starting tocilizumab or TNFi (adalimumab, etanercept,
golimumab, or infliximab; certolizumab was not available in
Portugal during the time frame of the study) between January
2008 and July 2013, whowere treated for at least 6months and
had available DAS28 scores at baseline and follow-up.

All patients provided written informed consent as part of
their enrolment in Reuma.pt, which is approved by compe-
tent authorities in Portugal, including the Health National
Directorate and the National Board of Data Protection.
The study was conducted according to the Declaration of
Helsinki, as revised in Fortaleza (October 2013) and was
approved by the Santa Maria Hospital Ethics Committee.

2.2. Statistical Methods. The coprimary outcomes were the
proportion of patients in remission according to DAS28
(<2.6), CDAI (≤2.8), SDAI (≤3.3), and ACR/EULARBoolean
criteria (tender joint count-28 joints (TJC28) ≤ 1, swollen
joint count-28 joints (SJC28) ≤ 1, CRP ≤ 1mg/dL, and patient
global health (PGH) ≤ 1/10). Secondary outcomes included
proportion of patients reaching at least low disease activity
(LDA) according to DAS28 (<3.2), CDAI (CDAI ≤ 10), and
SDAI (≤11); frequencies of EULAR good (change in DAS28 >
1.2 and DAS28-6 months ≤ 3.2) and good/moderate response
(change in DAS28 > 0.6 andDAS28-6months ≤ 5.1 or change
in DAS28 > 1.2 and DAS28 > 5.1); and, finally, change in
DAS28, ESR, TJC28, SJC28, visual analogue scale (VAS),
and health assessment questionnaire (HAQ). Covariates of
interest included age at biologic start, gender, race (Caucasian
versus non-Caucasian), disease duration, years of educa-
tion, seropositivity (if anti-citrullinated protein antibody
(ACPA) and/or rheumatoid factor (RF) positive), erosive
disease (if erosions identified at X-rays of hands/feet at any
time in disease), previous biologic therapy status (biologic-
näıve versus previously exposed to ≥1 biologic), number of
previous biologics, smoking status (current smokers versus
noncurrent smokers), cardiovascular comorbidity (hyperten-
sion, dyslipidaemia, heart disease, or diabetes mellitus), and
concomitant MTX and corticosteroid therapy. At 6 months,
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data were collected on TJC/SJC28, ESR, CRP, VAS (PGH and
physician global assessment (PhGA)), and HAQ.

Baseline and follow-up data were compared according
to biologic treatment using ANOVA, Student’s 𝑡-test or
chi-square tests, where applicable, both for each biologic
separately and for biologic class (TNFi/tocilizumab). Bon-
ferroni tests were applied, when significant differences were
detected in ANOVA. We further performed stratification on
previous biologic therapy status, to account for the potential
relationship between previous biologic therapies and current
therapy effectiveness.

To try to accommodate for patient- and disease-related
confounders, we used multiple logistic regression and
propensity score-based methods to explore the relationship
between biologic class and treatment response.Webuilt logis-
tic regression models predicting binary response outcomes
using stepwise backward elimination, including covariates
with 𝑃 value < 0.1 in the univariate analysis and those
thought to be clinically meaningful (age, sex, seropositivity,
number of previous biologics, disease duration, and baseline
disease activity). In order to avoid overadjusting, individual
components of the disease activity score were not considered.
Variables conferring a greater than 10% change on the main
regression coefficient (biologic class) were included in the
final model.

A propensity score estimating the likelihood of receiv-
ing tocilizumab was generated, using a logit function and
including baseline variables potentially related to biologic
class that did not contain significant numbers of missing
values: age, age-squared, sex, number of previous biologics,
disease duration, baseline DAS28, TJC, SJC and concomitant
treatment with MTX, corticosteroids, and other DMARDs.
We then included this propensity score as a covariate in
the univariate and multivariate logistic regressions in order
to account for potential residual confounding. Finally, we
conducted caliper 1 : 5 matching with replacement on the
propensity score using the psmatch2 command of Stata
for each of the outcomes separately. Matching strategies
significantly reduced the overall mean bias (e.g., 5.4% for the
DAS28 matching), while decreasing the number of patients
subject to the analysis, as expected.

All statistical analyses were performed using Stata version
12.1 (StataCorp, College Station, TX, USA) and 𝑃 value was
considered significant at <0.05.

3. Results

Five hundred and twenty-four patients fulfilled the inclusion
criteria, 95 treated with tocilizumab and 429 with TNFi
(106 adalimumab, 202 etanercept, 43 golimumab, and 78
infliximab). The baseline characteristics of the population
are represented in Table 1. Patients from different groups
had similar demographic characteristics, with expected dis-
tributions of variables such as age, gender, disease duration,
smoking, or cardiovascular comorbidities, compatible with
an established RA population. Frequencies of seropositivity
(RF and/or ACPA), erosive disease and concomitant treat-
ment with MTX, or low-dose corticosteroids were similar

between groups considering either each biologic separately
or biologic class. However, tocilizumab-treated patients were
less frequently naı̈ve to biologic therapy, had received a
higher number of previous biologic agents, and had more
active disease, as translated by significantly higher SJC28,
PhGA, DAS28, CDAI, and SDAI. Furthermore, comparing
patients by biologic class revealed higher mean ESR/CRP and
increased proportions of patients with high disease activity
according to all indexes in the tocilizumab group.

At follow-up (Table 2), only DAS28 and ESR were lower
in the tocilizumab group compared to all TNFi (𝑃 < 0.001).
Bonferroni tests after ANOVA regarding CRP at 6 months
revealed that there were no significant differences between
tocilizumab and each TNFi separately (𝑃 > 0.05 for all two-
group comparisons). All other disease activity measures
were similar between the groups. However, considering
changes from baseline values, tocilizumab users presented a
significantly greater decrease in DAS28, CDAI, SDAI, and
inflammatorymarkers (ESR andCRP), as well as in the SJC28
and PhGA than patients treated with TNFi (Table 2).

3.1. Remission and EULAR Response. More than half of
tocilizumab-treated patients were in DAS28 remission at 6
months, a significantly higher proportion than observed for
TNFi users (OR = 4.4, 95% confidence interval (CI) 2.8–7.0;
Figure 1(a)). However, no significant differences were seen for
remission rates according to CDAI (OR = 1.6, 95% CI 0.8–
3.2), SDAI (OR = 1.9, 95% CI 0.97–3.9), or Boolean definition
(OR= 1.1, 95%CI 0.6–2.3) criteria. Similarly toDAS28 change
and remission, nearly two-thirds of the tocilizumab group
had a good EULAR response, compared to one-third of TNFi
users (OR = 3.6, 95% CI 2.3–5.7; Figure 1(b)). When consid-
ering the achievement of good/moderate EULAR response,
the differences between groups were smaller, with 89.5% and
79.9% for tocilizumab and TNFi groups, respectively (OR =
2.1, 95% CI 1.07–4.2, 𝑃 = 0.03).

3.2. Response according to Previous Exposure to Biologics.
Stratification according to previous biologic therapy exposure
revealed that biologic-näıve patients treated with tocilizumab
had higher odds of achieving remission, not only according
to DAS28 (OR = 7.6, 95% CI 4.0–14.5), but also according to
CDAI (OR = 2.6, 95% CI 1.2–5.8) and SDAI (OR = 3.0, 95%
CI 1.3–6.8; Figure 2(a)). No significant differences were seen
with the more stringent Boolean definition (OR = 1.6, 95%
CI 0.7–3.7; Figure 2(a)). Regarding EULAR response, 76.9%
of biologic-näıve patients in the tocilizumab group presented
a good response, compared to 35.1% of TNFi users (OR =
6.2, 95%CI 3.2–12.1; Figure 2(b)). Considering patients previ-
ously exposed to biologic therapy and although the numbers
are considerably smaller (TNFi = 64 and tocilizumab = 43),
the results were similar to those observed in the overall pop-
ulation analysis, with significant differences being seen only
for DAS28 remission (OR = 2.8, 95% CI 1.2–6.6; Figure 2(a)).
Likewise, rates of EULAR response in this subgroup of
patients were lower in comparison to those that were
biologic-näıve, namely, 48.8% and 23.4% of EULAR good
response in the tocilizumab and TNFi groups, respectively
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äı
ve

88
(8
3.
0)

17
0
(8
4.
2)

39
(9
0.
7)

68
(8
7.2

)
52

(5
4.
7)

<
0.
00

1
36
5
(8
5.
1)
<
0.
00

1
M
TX

86
(8
1.1
)

16
4
(8
1.2

)
36

(8
3.
7)

67
(8
5.
9)

75
(7
9.0

)
0.
81
3

35
3
(8
2.
3)

0.
44

7
M
TX

do
se

(m
g/
w
ee
k)

19
.6
±
4.
4

18
.9
±
4.
5

19
.4
±
5.
2

19
.6
±
3.
8

18
.2
±
4.
2

0.
27
9

19
.3
±
4.
4

0.
06
9

C
or
tic

os
te
ro
id
s

81
(7
6.
4)

15
3
(7
5.
7)

35
(8
1.4

)
65

(8
3.
3)

77
(8
1.1
)

0.
58
6

33
4
(7
7.9

)
0.
49
3

C
or
tic
os
te
ro
id
sd

os
e(
m
g/
da
y)

7.4
±
3.
3

7.3
±
2.
9

7.2
±
2.
8

7.1
±
2.
7

6.
7
±
2.
4

0.
53
0

7.3
±
3.
0

0.
09
7

TJ
C2

8
11
.1
±
8.
2

10
.1
±
7.3

9.2
±
6.
8

11
.3
±
8.
2

12
.4
±
7.5

0.
09
2

10
.5
±
7.6

0.
02

8
SJ
C2

8
7.0
±
5.
5

6.
5
±
4.
7

6.
9
±
4.
6

7.2
±
5.
7

10
.4
±
6.
4

<
0.
00

1
6.
8
±
5.
1
<
0.
00

1
ES

R
(m

m
/h
,𝑛

=
52
2)

36
.2
±
22
.9

36
.9
±
27
.2

38
.9
±
27
.1

37
.7
±
24
.4

45
.6
±
27
.1

0.
07
3

37
.1
±
25
.6

0.
00

4
CR

P
(m

g/
dL

,𝑛
=
49
1)

2.
2
±
2.
6

2.
0
±
3.
1

2.
2
±
2.
7

1.9
±
1.9

2.
8
±
3.
2

0.
26
6

2.
1±

2.
7

0.
03
5

PG
H
(m

m
,𝑛

=
49
6)

58
.7
±
24
.5

56
.4
±
22
.9

59
.5
±
20
.2

60
.5
±
23
.6

59
.8
±
24
.3

0.
64

8
58
.0
±
23
.2

0.
49
6

Ph
G
A
(m

m
,𝑛

=
37
6)

47
.3
±
20
.1

51
.5
±
20
.0

51
.0
±
19
.1

54
.4
±
19
.2

60
.0
±
17.
9

0.
00

2
51
.0
±
19
.8

0.
00

1
D
A
S2
8

5.
5
±
1.4

5.
4
±
1.3

5.
4
±
1.2

5.
6
±
1.4

6.
1±

1.1
0.
00

1
5.
4
±
1.3

<
0.
00

1
CD

A
I(
𝑛
=
37
6)

27
.7
±
14
.8

28
.0
±
12
.8

26
.0
±
11
.5

29
.8
±
14
.9

33
.3
±
13
.2

0.
03
7

28
.1
±
13
.6

0.
00

3
SD

A
I(
𝑛
=
36
1)

29
.9
±
15
.4

30
.6
±
13
.8

27
.6
±
12
.0

31
.7
±
15
.7

35
.6
±
13
.1

0.
05
6

30
.4
±
14
.4

0.
00

6
H
AQ

(𝑛
=
41
5)

1.6
±
0.
7

1.4
±
0.
6

1.5
±
0.
7

1.5
±
0.
6

1.6
±
0.
6

0.
15
8

1.5
±
0.
6

0.
15
0

H
ig
h
di
se
as
ea

ct
iv
ity

D
A
S2
8
(>
5.
1)

68
(6
4.
2)

12
0
(5
9.4

)
28

(6
5.
1)

51
(6
5.
4)

74
(7
7.9

)
0.
04

4
26
7
(6
2.
2)

0.
00

4
CD

A
I(
>
22
,𝑛

=
37
6)

46
(6
0.
5)

93
(6
5.
0)

14
(5
1.9

)
38

(6
4.
4)

56
(7
8.
9)

0.
06

8
19
1(
62
.6
)

0.
00

9
SD

A
I(
>
26
,𝑛

=
36
1)

39
(5
4.
2)

78
(5
8.
7)

13
(4
8.
2)

33
(5
5.
9)

53
(7
5.
7)

0.
03

6
16
3
(5
6.
0)

0.
00

3
C
on

tin
uo

us
va
ria

bl
es
pr
es
en
te
d
as

m
ea
n
±
st
an
da
rd

de
vi
at
io
n;
ca
te
go
ric

al
va
ria

bl
es

ar
ee

xp
re
ss
ed

as
nu

m
be
r(
pe
rc
en
ta
ge
).
Fi
na
ln
um

be
ro

fp
at
ie
nt
si
si
nd

ic
at
ed

w
he
re
da
ta
w
as

m
iss

in
g.
𝑃
va
lu
es

ig
ni
fic
an
ta
t<

0.
05
;

sig
ni
fic
an
td

iff
er
en
ce
sh

ig
hl
ig
ht
ed

in
bo

ld
.§
C
om

pa
ris

on
of
gr
ou

ps
ac
co
rd
in
gt
o
bi
ol
og
ic
us
in
gA

N
O
VA

or
ch
i-s
qu

ar
et
es
t,
as
ap
pr
op

ria
te
;¥
co
m
pa
ris

on
of
TN

Fi
ve
rs
us

to
ci
liz
um

ab
gr
ou

ps
us
in
gS

tu
de
nt
’s𝑡

-te
st
or

ch
i-

sq
ua
re

te
st,

as
ap
pr
op

ria
te
.C

D
A
I:
cl
in
ic
al
di
se
as
ea

ct
iv
ity

in
de
x;
CR

P:
C-

re
ac
tiv

ep
ro
te
in
;C

V:
ca
rd
io
va
sc
ul
ar
;D

A
S2
8:
di
se
as
ea

ct
iv
ity

sc
or
e-
28

jo
in
ts;

ES
R:

er
yt
hr
oc
yt
es

ed
im

en
ta
tio

n
ra
te
;H

AQ
:h
ea
lth

as
se
ss
m
en
t

qu
es
tio

nn
ai
re
;M

TX
:m

et
ho

tre
xa
te
;P
G
H
:p
at
ie
nt

gl
ob

al
he
al
th
;P
hG

A
:p
hy
sic

ia
n
gl
ob

al
as
se
ss
m
en
t;
SD

A
I:
sim

pl
ifi
ed

di
se
as
ea

ct
iv
ity

in
de
x;
SJ
C2

8:
sw

ol
le
n
jo
in
tc
ou

nt
-2
8
jo
in
ts;

TJ
C2

8:
te
nd

er
jo
in
tc
ou

nt
-2
8
jo
in
ts;

TN
Fi
:t
um

ou
rn

ec
ro
sis

fa
ct
or

in
hi
bi
to
rs
.



BioMed Research International 5

Ta
bl
e
2:
D
ise

as
ea

ct
iv
ity

at
6-
m
on

th
fo
llo

w
-u
p
an
d
re
sp
ec
tiv

ec
ha
ng
ef
ro
m

ba
se
lin

e.

Ad
al
im

um
ab

(𝑛
=
10
6)

Et
an
er
ce
pt

(𝑛
=

20
2)

G
ol
im

um
ab

(𝑛
=
43
)

In
fli
xi
m
ab

(𝑛
=
78
)

To
ci
liz
um

ab
(𝑛

=
95
)
𝑃
va
lu
e§

TN
Fi

(𝑛
=
42
9)

𝑃
va
lu
e¥

D
A
S2
8

Δ
D
A
S2
8

3.
8
±
1.4

1.6
±
1.4

3.
5
±
1.4

1.9
±
1.4

3.
5
±
1.2

1.9
±
1.4

3.
8
±
1.4

1.8
±
1.4

2.
8
±
1.6

3.
3
±
1.6

<
0.
00

1
<
0.
00

1
3.
6
±
1.4

1.8
±
1.4

<
0.
00

1
<
0.
00

1
CD

A
I(
𝑛
=
32
7)

Δ
CD

A
I

12
.4
±
9.3

15
.1
±
12
.5

11
.7
±
10
.0

16
.1
±
14
.8

10
.6
±
6.
5

16
.0
±
8.
5

12
.7
±
10
.2

17.
0
±
14
.3

10
.5
±
10
.3

22
.7
±
15
.7

0.
69
0

0.
01
7

12
.0
±
9.6

16
.0
±
13
.6

0.
25
4

0.
00

1
SD

A
I(
𝑛
=
29
9)

Δ
SD

A
I

13
.7
±
11
.1

16
.1
±
13
.3

12
.4
±
10
.5

17.
6
±
16
.1

13
.1
±
13
.0

15
.2
±
11
.6

14
.0
±
10
.7

18
.2
±
14
.9

11
.6
±
11
.5

25
.2
±
16
.5

0.
77
8

0.
00

7
13
.1
±
10
.9

17.
1±

14
.7

0.
34
3

0.
00

03
TJ
C2

8
Δ
TJ
C2

8
4.
8
±
5.
8

6.
3
±
6.
9

3.
7
±
5.
4

6.
5
±
7.5

2.
7
±
3.
2

6.
5
±
6.
3

4.
6
±
5.
9

6.
6
±
7.5

3.
6
(4
.8
)

8.
7
±
7.7

0.
10
9

0.
10
0

4.
0
±
5.
5

6.
4
±
7.2

0.
50
8

0.
00

6
SJ
C2

8
Δ
SJ
C2

8
2.
3
±
3.
0

4.
6
±
4.
8

1.7
±
2.
6

4.
7
±
4.
9

2.
3
±
2.
9

4.
6
±
4.
4

2.
2
±
3.
2

5.
0
±
4.
9

2.
6
±
3.
9

7.8
±
6.
6

0.
17
9

<
0.
00

1
2.
0
±
2.
9

4.
7
±
4.
8

0.
11
1

<
0.
00

1
ES

R
(m

m
/h
,𝑛

=
51
6)

Δ
ES

R
26
.2
±
21
.6

10
.1
±
21
.2

23
.7
±
19
.4

13
.5
±
22
.5

22
.1
±
15
.1

15
.5
±
21
.9

25
.9
±
21
.0

12
.0
±
23
.0

10
.3
±
14
.5

35
.2
±
25
.1

<
0.
00

1
<
0.
00

1
24
.6
±
19
.9

12
.6
±
22
.2

<
0.
00

1
<
0.
00

1
CR

P
(m

g/
dL

,𝑛
=
46
5)

Δ
CR

P
1.4
±
2.
7

0.
7
±
3.
0

0.
81
±
1.4

1.2
±
3.
1

1.9
±
7.3

0.
1±

7.5
1.0
±
1.7

1.0
±
1.7

0.
5
±
1.3

2.
3
±
3.
2

0.
02

3
0.
00

6
1.1
±
2.
9

0.
9
±
3.
5

0.
04

5
0.
00

09
PG

H
(m

m
,𝑛

=
48
1)

Δ
PG

H
39
.8
±
25
.8

18
.7
±
31
.6

34
.9
±
23
.8

21
.5
±
26
.4

41
.7
±
22
.0

18
.3
±
19
.9

38
.9
±
24
.9

21
.5
±
28
.9

35
.0
±
24
.0

25
.5
±
30
.0

0.
29
5

0.
52
5

37
.4
±
24
.4

20
.5
±
27
.7

0.
38
5

0.
13
2

Ph
G
A
(m

m
,𝑛

=
32
7)

Δ
Ph

G
A

25
.8
±
17.
3

20
.5
±
21
.4

24
.0
±
17.
9

26
.7
±
23
.2

22
.7
±
14
.7

29
.1
±
19
.1

28
.3
±
20
.4

27
.4
±
21
.6

20
.0
±
19
.4

39
.8
±
25
.6

0.
16
0

0.
00

01
25
.1
±
18
.0

25
.5
±
22
.2

0.
04

1
<
0.
00

1
H
AQ

(𝑛
=
32
3)

Δ
H
AQ

1.1
±
0.
7

0.
5
±
0.
7

1.0
±
0.
7

0.
4
±
0.
6

1.1
±
0.
7

0.
3
±
0.
5

1.3
±
0.
7

0.
3
±
0.
5

1.0
±
0.
7

0.
6
±
0.
6

0.
20
1

0.
05
3

1.1
±
0.
7

0.
4
±
0.
6

0.
52
2

0.
01
6

Ab
so
lu
te
va
lu
es
an
d
re
lat
iv
ec

ha
ng
ei
n
di
se
as
ea

ct
iv
ity

co
m
po

sit
es
co
re
sa
nd

m
ar
ke
rs
at
6
m
on

th
so

ft
he
ra
py

in
rh
eu
m
at
oi
d
ar
th
rit
is
pa
tie

nt
s,
ac
co
rd
in
gt
o
bi
ol
og
ic
th
er
ap
y.
C
on

tin
uo

us
va
ria

bl
es
pr
es
en
te
d
as
m
ea
n
±

st
an
da
rd

de
vi
at
io
n;
ca
te
go
ric

al
va
ria

bl
es

ar
ee

xp
re
ss
ed

as
nu

m
be
r(
pe
rc
en
ta
ge
).
Fi
na
ln
um

be
ro

fp
at
ie
nt
si
si
nd

ic
at
ed

w
he
re
th
er
ew

as
m
iss

in
g
da
ta
.𝑃

va
lu
es

ig
ni
fic
an
ta
t<

0.
05
;s
ig
ni
fic
an
td

iff
er
en
ce
sh

ig
hl
ig
ht
ed

in
bo

ld
.§
C
om

pa
ris

on
of

gr
ou

ps
ac
co
rd
in
g
to

bi
ol
og
ic
us
in
g
A
N
O
VA

or
ch
i-s
qu

ar
et
es
t,
as

ap
pr
op

ria
te
;¥
co
m
pa
ris

on
of

TN
Fi

ve
rs
us

to
ci
liz
um

ab
gr
ou

ps
us
in
g
St
ud

en
t’s
𝑡
-te

st
or

ch
i-s
qu

ar
et
es
t,
as

ap
pr
op

ria
te
.



6 BioMed Research International

0

10

20

30

40

50

60

70

80

DAS28 < 2.6
(N = 524)

CDAI ≤ 2.8
(N = 327)

SDAI ≤ 3.3
(N = 299)

Boolean remission
(N = 468)

P < 0.001

P < 0.001

P = 0.153

P = 0.420

P = 0.059

P = 0.386

P = 0.673

P = 0.170

ADA
ETA
GOLI

INF
TNFi
TCZ

18
.9

13
.6

13
.1

7.
0

28
.7

15
.3

14
.6

15
.1

23
.3

4.
4 8.

7

3.
3

18
.0

14
.9 15
.2

11
.6

23
.8

13
.9

13
.8

11
.5

57
.9

20
.9 23
.7

13
.1

N 33 142168 736 141199 7102 55105820 14 44 111287 8

(a)

23.6 19.3
11.6

21.8 20.1
10.5

51.9

40.6 51.2

52.6
46.6

25.3

24.5
40.1 37.2

25.6
33.3

64.2

0
10
20
30
40
50
60
70
80
90

100

(%
)

ADA ETA GOLI INF TNFi TCZ

No response
Moderate response
Good response

P < 0.001 P < 0.001

(b)

Figure 1: Frequencies of remission (a) and EULAR response (b) at 6 months according to biologic treatment. Tocilizumab- (TCZ-) treated
patients had higher rates of DAS28 remission and EULAR response. Similar proportions of TCZ and TNFi users were in remission according
to CDAI, SDAI, and Boolean remission criteria. 𝑃 value significant at <0.05. ADA: adalimumab; ETA: etanercept; GOLI: golimumab; INF:
infliximab.

(OR = 3.1, 95% CI 1.4–7.1). Considering the achievement of
at least a moderate EULAR response, differences between
groups were less striking, being significant only in the
biologic-näıve subgroup (OR = 5.3, 95% CI 1.3–22.4, 𝑃 =
0.011) and not in patients previously exposed to biologics
(OR = 2.3, 95% CI 0.9–5.7, 𝑃 = 0.075).

3.3. Low Disease Activity at 6 Months. The proportions of
patients achieving, at 6months, at least a LDA state according
to each of the indexes are represented in Figure 3 ((a) overall
population analysis; (b) stratifying on previous biologic
status). Notably, more than half of the patients reached LDA
according to CDAI (≤10) or SDAI (≤11) regardless of type of
treatment. As seen for remission, in the overall population
analysis there were significant differences between groups
favoring tocilizumab only for the DAS28 definition of LDA
(OR = 2.6, 95% CI 1.6–4.1; Figure 3(a)). Interestingly, there

was a better concordance between indexes than for remission,
particularly in the tocilizumab group, with 64% of patients in
LDA/remission according to every definition. Biologic-näıve
patients also had higher odds of achieving at least a LDA
state when treatedwith tocilizumab, compared to those in the
TNFi group: defined by DAS28 (OR = 4.6, 95% CI 2.4–9.0),
CDAI (OR = 2.8, 95% CI 1.3–6.1), or SDAI (OR = 2.5, 95%
CI 1.1–5.7; Figure 3(b)). As for patients previously exposed
to biologics, there were no statistically significant differences
between both drug classes in terms of achieving at least LDA
according to any of the criteria (Figure 3(b)).

3.4. Multivariate Analyses. Table 3 presents the results of
logistic regression and propensity scores-based analyses to
determine the effect size of tocilizumab versus TNFi in
predicting each of the discussed outcomes.Multivariate logis-
tic regression, adjusting for age, disease duration, baseline
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Figure 2: Remission (a) and EULAR response rate (b) at 6 months stratified by previous biologic therapy. (a) Biologic-naı̈ve patients treated
with TCZ had significantly higher rates of DAS28, CDAI, and SDAI remission, with nonsignificant differences in the more stringent Boolean
remission. TCZ-treated patients previously exposed to at least 1 biologic had greater frequencies of DAS28 remission than those treated with
TNFi, with similar rates of CDAI, SDAI, and Boolean remission. (b) EULAR response rates were significantly higher in the TCZ group for
both previous biologic statuses, although the differences were greater in biologic-naı̈ve patients. 𝑃 value significant at <0.05.

disease activity (DAS, CDAI, or SDAI, as appropriate), and
number of previous biologics, revealed that tocilizumab-
treated patients had higher odds of achieving remission and
LDA according to DAS28, CDAI, and SDAI. There were
no significant effects of biologic class on reaching Boolean
remission. Good and good/moderate EULAR responses were
also more likely to occur in tocilizumab-treated patients
using this approach. The inclusion of the propensity scores
predicting biologic class into the logistic regression model
decreased the effect size of treatment group on the outcomes,
although not changing the inference made for DAS28, CDAI
or SDAI remission/LDA, Boolean remission, or EULAR good

response. However, the odds of achieving a good/moderate
EULAR response were no longer different between biologic
therapy classes. Propensity score matching alone or in com-
bination with multivariate logistic regression confirmed this
finding and further revealed no significant effect of biologic
class on reaching LDA according to SDAI. Achieving CDAI
remission or LDA was not different between groups in the
propensity score-matched analysis, although the regression
analysis performed in the matched population did reveal
significant differences for reaching remission/LDA, favoring
TCZ. All other outcomes remained unchanged using this
approach.
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Figure 3: Low disease activity at 6 months according to treatment (a) and previous biologic therapy (b). (a) Significantly more patients
treated with TCZ reached a state of at least DAS28 low disease activity (LDA), with no significant differences for CDAI and SDAI cutoffs. (b)
Biologic-näıve patients in the TCZ group had significantly higher proportions of DAS28, CDAI, and SDAI LDA compared to TNFi users. On
the contrary, in patients previously exposed to at least 1 biologic the frequencies of LDA according to all indexes were similar between drug
class groups. 𝑃 value significant at <0.05.

4. Discussion

In this study we compared the effectiveness of two classes of
biologic therapies in RA patients registered in our national

register, Reuma.pt. We found that patients treated with
tocilizumab were more likely to achieve DAS28, CDAI, and
SDAI remission/LDA, as well as good EULAR response at
6 months, when adjusting for confounding factors. On the
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Table 3: Logistic regression and propensity score-based analyses to predict treatment response with tocilizumab versus TNFi.

𝑁

Remission Low disease activity
Odds ratio 95% CI 𝑃 value Odds ratio 95% CI 𝑃 value

DAS28 < 2.6 DAS28 < 3.2
Multivariate LR 489 13.3 6.9–25.4 <0.001 7.3 3.9–13.6 <0.001
Univariate LR + PS 489 8.3 4.4–15.4 <0.001 5.5 2.9–10.5 <0.001
Multivariate LR + PS 489 11.0 5.6–21.6 <0.001 6.2 3.2–12.0 <0.001
PS matching 259 7.9 4.3–14.6 <0.001 5.0 2.7–9.2 <0.001
PS matching +
multivariate LR 259 12.3 6.0–25.4 <0.001 7.5 3.7–15.1 <0.001

CDAI ≤ 2.8 CDAI ≤ 10
Multivariate LR 308 2.9 1.3–6.6 0.009 3.0 1.5–6.1 0.002
Univariate LR + PS 308 2.5 1.1–5.6 0.022 2.3 1.1–4.6 0.019
Multivariate LR + PS 308 2.8 1.2–6.5 0.016 2.6 1.3–5.5 0.010
PS matching 179 2.1 0.92–5.0 0.078 2.0 1.00–4.1 0.048
PS matching +
multivariate LR 179 3.3 1.3–8.4 0.015 2.6 1.2–5.6 0.017

SDAI ≤ 3.3 SDAI ≤ 11
Multivariate LR 282 4.1 1.7–9.5 0.001 2.9 1.4–6.3 0.005
Univariate LR + PS 282 3.1 1.3–7.0 0.008 2.2 1.04–4.8 0.038
Multivariate LR + PS 282 3.6 1.5–8.7 0.005 2.5 1.1–5.5 0.024
PS matching 158 2.6 1.1–6.4 0.029 1.6 0.8–3.5 0.209
PS matching +
multivariate LR 158 4.0 1.5–10.8 0.007 2.2 0.95–5.0 0.065

Boolean
Multivariate LR 442 2.1 0.91–4.8 0.083
Univariate LR + PS 442 1.8 0.76–4.0 0.184
Multivariate LR + PS 442 1.9 0.77–4.8 0.159
PS matching 216 1.2 0.54–2.9 0.629
PS matching +
multivariate LR 216 1.4 0.54–3.9 0.463

Good EULAR Good/moderate EULAR
Multivariate LR 489 6.8 3.8–12.3 <0.001 2.5 1.1–5.9 0.035
Univariate LR + PS 489 6.3 3.4–11.8 <0.001 1.8 0.8–4.1 0.143
Multivariate LR + PS 489 6.4 3.4–12.0 <0.001 1.8 0.8–4.5 0.182
PS matching 259 6.2 3.3–11.6 <0.001 2.2 0.93–5.2 0.074
PS matching +
multivariate LR 259 7.8 4.0–15.4 <0.001 2.4 0.98–6.1 0.056

The odds ratio and 95% confidence interval (95% CI) for the effect of tocilizumab versus TNF inhibitors (TNFi) in the considered outcomes are represented
according to the statistical methodology used.Multivariate logistic regression (LR) adjusted for other significant confounders as described in Section 2, namely,
age, disease duration, number of previous biologics, and baseline disease activity (DAS28 for DAS28/Boolean remission, DAS28 low disease activity (LDA),
and EULAR response; CDAI for CDAI remission/LDA; SDAI for SDAI remission/LDA). Propensity scores (PS) predicting biologic class were calculated and
incorporated in the analysis, via LR and/or matching (caliper 1 : 5 with replacement). 𝑃 value significant at <0.05; significant differences highlighted in bold.

other hand, the modelled probability of Boolean remission
did not differ between groups and neither did the likelihood
of achieving a good/moderate EULAR response when taking
into account the propensity score for receiving tocilizumab.

Similar results were obtained by Yoshida et al., with
fewer patients per group, in the single centre CABUKI
register, where DAS28-ESR remission was more frequent in
tocilizumab-treated patients (47.8% versus 25%, 𝑃 = 0.006),
Boolean remission was similar, and previous biologic therapy

had a significant impact on DAS28 remission frequencies
[23]. In another study and unlike us, Takahashi et al. found
no significant differences in proportions of EULAR good
response, DAS28-CRP remission, and LDA between patients
treated with tocilizumab or adalimumab, while confirming
higher frequencies of EULAR good/moderate response in the
tocilizumab group [26]. No adjusted results were reported for
these comparisons, an aspect that might help explain these
discrepancies [26].
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We have found an impressive frequency of 57.9% DAS28
remission at 6 months. These rates are higher than those
observed in published RCTs (27% OPTION [27], 30.1%
RADIATE [28], 39.9% ADACTA [15], and 40.4% ACT-RAY
[13]) but similar to other observational register-based studies
(39–58%DANBIO [20], 53.3%MichinokuTocilizumab Study
Group [29], 47.8% CABUKI [23], and 54.9% FRAB [21]). The
EULAR response rates, based on DAS28, were also similar
to those found in RCTs [13, 15, 27] and observational studies
[20, 26] that reported them. While it is understandable that
the remission rates seen in register-based studies are higher
than those observed in RCTs, due to factors such as selection
and attrition bias associated with observational studies in a
real life setting, it is intriguing that such discrepancies are also
seen among different registers. Although the magnitude of
the difference in the proportion of patients achieving remis-
sion at 6months is not very large (39%minimum inDANBIO
[20], 57.9% maximum in Reuma.pt), several aspects can
explain these findings. In observational studies, treatment is
selected based on objective criteria and also on subjective
physician attitudes and expectations, which greatly vary
according to country or region. Western European practices
certainly differ from Asian ones and even between Portugal
(Reuma.pt) and Denmark (DANBIO) factors associated with
treatment selection are quite different. Furthermore, visual
analogue scale scores are highly subjective, influenced by
local cultural factors, and can have a profound impact on
the assessment of disease activity. Other potential expla-
nations for these results include genetic factors accounting
for variable responses between populations with distinct
backgrounds and different frequencies of concomitant treat-
ment withMTX, other DMARDs, and corticosteroids, which
might be crucial for suppressingminimal disease activity and
attaining remission.

The results of our study confirm that the inclusion
of inflammatory markers in the assessment of response
to therapy is of extreme importance when analyzing the
effectiveness of drugs such as tocilizumab that, through a
profound inhibition of IL-6-driven inflammation, markedly
suppress ESR and CRP, even within the normal range limits,
and might overestimate remission rates, as shown by Smolen
and Aletaha [24]. These authors suggest the use of CDAI and
SDAI remission/LDAmight be more appropriate to compare
treatment responses and, in fact, we have foundnodifferences
between biologic classes in the overall population analysis
[24]. However, in biologic-näıve patients CDAI and SDAI
remission were more frequent in the tocilizumab group, with
OR of 2.6 (𝑃 = 0.015) and 3.0 (𝑃 = 0.007), respectively.
Similar observations were made after multivariate analyses
adjusting for several confounders. It should be noted, though,
that the CDAI/SDAI-based analyses forced the exclusion
of a significant number of patients due to missing values,
and this might somewhat weaken the conclusions. However,
sensitivity analysis revealed that simply excluding patients
with missing values and performing a univariate analysis for
the effect of biologic class on response rates did not yield the
same results as themultivariate approaches (data not shown).
This suggests that our results are not merely explained by the
exclusion of patients in regression models.

We have also found that previous biologic therapy had an
important effect on response to treatment. In fact, analysis
of the biologic-näıve subgroup of patients revealed higher
remission rates, especially for tocilizumab, not only according
to DAS28, a finding already reported by others [21, 23],
but also with CDAI and SDAI, which differed significantly
between biologic class. While it seems reasonable that
tocilizumab response is better in biologic-naı̈ve patients
compared to those having failed a biologic previously, the
differences at 6 months between biologic class in terms
of CDAI/SDAI remission/LDA might be at least partly
explained by the fact that at baseline these subpopulations
were more similar between groups, which was mainly due
to less active disease in tocilizumab users and slightly more
active disease in the TNFi group (data not shown; the only
significant differences were SJC28 and DAS28, still both
higher with tocilizumab). On the other hand, for TNFi users,
response rates did not differ greatly between the biologic-
näıve patients and both the overall population and those
previously exposed to at least one biologic. This was also
seen in the study by Yoshida et al. [23] and, in our opinion,
might be related to two findings: first, most of the TNFi group
(85.1%) was naı̈ve to biologic therapy and, thus, the overall
group mostly represented the characteristics of the biologic-
näıve subpopulation; secondly, biologic-näıveTNFi users had
higher baseline DAS28 (5.5 versus 5.1, 𝑃 = 0.041) and SJC28
(7.1 versus 4.8, 𝑃 < 0.001) compared to those that were
previously exposed to biologic therapy, thus counteracting
the potentially beneficial effect of being a first line user.

Our study has several limitations. Given its observational
nature it is prone to different types of confounding, for which
we have tried to account for by using propensity scores
and multivariate logistic regression. However, residual and
unmeasured confounding cannot be avoided and this may
limit some of the conclusions. Furthermore, extrapolation of
these results to drug efficacy is not possible. More specifically,
the fact that there were several baseline differences between
biologic class groups suggests that treatment was chosen, at
least partially, based on the characteristics of the patients,
as would be expected in a clinical practice setting. We used
propensity scores to try to adjust for this, although we
could not include every baseline variable of interest into
the score due to missing data. However, given that RCTs
addressing comparative effectiveness of biologics are unlikely
to be conducted, observational studies are one of the ways to
address this issue.

Other potential limitations should be also taken into
account. In this study we provide data at 6 months, which
might not be extendable to more prolonged follow-up times.
We have also not analysed discontinuation rates or reasons,
mainly due to missing values and short follow-up time,
and this might limit the translation of conclusions into
clinical practice. On the other hand, the fact that we have
only included patients with available DAS28 at 0 and 6
monthsmay also imply some degree of bias. Still, considering
that Reuma.pt is a clinical practice register, data will be
missing due to random reasons such as different likelihood
of different clinicians to fill in all fields, rather than due
to more or less severe disease activity. Another point to be
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focused is that we only included data on baseline concomitant
MTX/corticosteroid treatment and did not assess whether
these treatments were discontinued during follow-up. Never-
theless, given the relatively short follow-up and considering
the longstanding nature of the disease in most cases, it is
reasonable to assume that the combination therapy status did
not alter significantly for the majority of the population.

5. Conclusions

In conclusion, using data from Reuma.pt, we found that
treatment with tocilizumab was associated with higher rates
of DAS28 remission/LDA and EULAR good response at
6 months. Similar observations were made also for CDAI
and SDAI remission in biologic-näıve patients. Adjusting
for other potential confounders confirmed higher response
rates with tocilizumab according to DAS28, CDAI, and SDAI
criteria. Boolean remission was similar between groups,
suggesting that the use of more stringent remission criteria
blurs the differences between drug classes. Similar, larger
and longer observational studies from other registers are
needed to confirm these results and give further insight into
therapeutic decisions in the managements of RA patients.
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done data collection, critical revision, and final approval of
the paper. Joaquim Polido-Pereira has done data collection,
critical revision, and final approval of the paper. Cátia Duarte
has done data collection, critical revision, and final approval
of the paper. Patŕıcia Nero has done data collection, critical
revision, and final approval of the paper. Cláudia Miguel
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