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Arthritis represents one of the most prevalent chronic health
problems and is a leading cause of disability; it was 52.5
million Americans in 2010–12 with an estimate of 78 million
by 2040 where two-thirds will be women, suffering from this
disease. Arthritis includes more than 100 rheumatic diseases’
condition which affects joint and tissue which surround
the joint and other connective tissue, the most common
being osteoarthritis which affects around 30 million US
adults while others include juvenile arthritis, fibromyalgia,
gout, rheumatoid arthritis, and systemic lupus erythematosus
(SLE). It occurs often in people with chronic conditions, such
as heart disease and diabetes, as well as those who are obese.

Antigen-activated CD4+ T cells stimulate monocytes,
macrophages, and synovial fibroblasts to produce the cytoki-
nes interleukin-1𝛽 (IL-1𝛽), IL-6, and tumor necrosis factor-𝛼
(TNF-𝛼). These cytokines act as potent inducer of inflamma-
tory responses through upregulation of many genes, includ-
ing cytokines, chemokines, and adhesion molecules. The
focus of treatment for arthritis is to control pain, minimize
joint damage, and improve or maintain function and quality
of life. Current treatment modalities for rheumatic diseases
either produce symptomatic relief (NSAIDs) or modify the
disease process (DMARDs) and biological agents, mainly
TNF blockers. Other potential experimental promising ther-
apies are IL-17 blockers and IL-23 blockers. Though effective,
their use is also limited by cost and their side effects. As a result,
the interest in alternative, well tolerated anti-inflammatory
remedies has reemerged. Targeting the pathogenic pathway
of chronic inflammation represents an unmet challenge for
controlling disease activity, preventing functional disability

and maintaining an adequate quality of life in patients with
rheumatic diseases.

In this special issue, we invited the researchers to con-
tribute their work in understanding rheumatic disease to bet-
ter take care of the people affected by these disease. P. Klinger
et al. investigate the role of pigment epithelium-derived factor
PEDF on the genome-wide gene expression, a pluripotent
protein expressed inmultiple tissues and involved inmultiple
signaling pathways, including the IP3-AKT, MEK-ERK, or
PLA2-PPAR pathway, and showed it as marker and future
therapy to stabilize the chondrocyte phenotype of articular
cartilage and to prevent its degradation. I. P. Perpétuo et al.
studied the role of TNF inhibitors (TNFi) in the differentia-
tion and activity of OC in rheumatoid arthritis (RA) patients.
They proposed that TNFi arrests bone loss and erosions,
either by direct reduction of osteoclast precursor numbers or
by inhibiting of intracellular signaling pathways acting through
TRAF6. C. Lin et al. present their findings in the paper
“Gray Matter Atrophy within the Default Mode Network of
Fibromyalgia: A Meta-Analysis of Voxel-Based Morphom-
etry Studies.” E. V. Zakharova et al. published their find-
ing in the paper “Immunosuppressive Treatment for Lupus
Nephritis: Long-Term Results” in 178 patients. A. J. Ruiz-
Padilla et al. published “The -174G/C Interleukin-6 Gene
Promoter Polymorphism as a Genetic Marker of Differences
inTherapeutic Response toMethotrexate and Leflunomide in
Rheumatoid Arthritis.”

Y.-F. Liu et al. showed that the effect of berberine alle-
viates monosodium urate crystals-induced inflammation by
downregulating NLRP3 and IL-1𝛽 expressions and connects
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it with inactivation of NLRP3 inflammasome. W. Hu et al.
showed their analysis “Association between Toll-Like Recep-
tor 4 Polymorphisms and Systemic Lupus Erythematosus
Susceptibility: A Meta-Analysis.” S. Kotake et al. published
“Elevated Ratio of Th17 Cell-Derived Th1 Cells (CD161+Th1
Cells) to CD161+Th17 Cells in Peripheral Blood of Early-
Onset Rheumatoid Arthritis Patients.”

We hope this special issue covered many important
aspects in current updates and therapeutics strategies for
rheumatic diseases, which will surely provide us with a
better understanding about the pathogenesis, diagnosis, and
treatment of these rheumatic diseases.

Sadiq Umar
Abdul M. Tyagi
Anil K. Singh
Abdul Haseeb
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Objective. Tumor necrosis factor (TNF) increases circulating osteoclast (OC) precursors numbers by promoting their proliferation
and differentiation. The aim of this study was to assess the effect of TNF inhibitors (TNFi) on the differentiation and activity of
OC in rheumatoid arthritis (RA) patients.Methods. Seventeen RA patients treated with TNFi were analyzed at baseline and after a
minimum follow-up period of 6 months. Blood samples were collected to assess receptor activator of nuclear factor kappa-B ligand
(RANKL) surface expression on circulating leukocytes and frequency and phenotype of monocyte subpopulations. Quantification
of serum levels of bone turnover markers, in vitro OC differentiation assays, and qRT-PCR for OC specific genes was performed.
Results. After TNFi therapy, patients had reduced RANKL surface expression in B-lymphocytes and the frequency of circulating
classical CD14brightCD16− monocytes was decreased. Serum levels of sRANKL, sRANKL/OPG ratio, and CTX-I were reduced in
RApatients after TNFi treatment.Moreover, after exposure to TNFi, osteoclast differentiation and activity were decreased, as well as
the expression of TRAF6 and cathepsin K. Conclusion. We propose that TNFi arrests bone loss and erosion, through two pathways:
direct reduction of osteoclast precursor numbers and inhibition of intracellular signaling pathways acting through TRAF6.

1. Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory disease
characterized by systemic inflammation, bone erosion, and
secondary osteoporosis [1].

The immune and skeletal systems have several regulatory
factors in common and immune system cells have a profound
influence on bone metabolism, particularly in the context of
chronic inflammatory diseases. Receptor activator of nuclear
factor-𝜅B ligand is present on osteoblasts’ surface but is also
expressed by activated immune cells, both in its membrane
form and as a soluble molecule [2]. Tumor necrosis factor
(TNF) increases the trafficking of immune system cells
that efflux from bone marrow and peripheral blood into

secondary lymphatic organs and sites of inflammation and
is abundantly found in rheumatoid joints [3]. TNF, together
with other cytokines, acts synergistically with the RANK-
RANKL system [3, 4], further enhancing osteoclast (OC)
differentiation from its circulatory precursors (monocytes)
and contributing to bone resorption [2, 5]. It also increases
the number of circulating OC precursors and the proin-
flammatory cytokine levels in RA patients. These effects are
achieved with low levels of circulating TNF and thus TNF
quantification is frequently unreliable in RA patients [6–8].
Of interest, TNF inhibitors (TNFi) have a beneficial effect
in delaying radiographic damage in RA patients, even in the
absence of clinical improvement, suggesting a specific effect
of TNF inhibition, independent of inflammation control [9].
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Whether this specific effect of TNFi in preventing bone dam-
age in fact occurs independently of the overall inflammatory
burden andwhether it occurs because of reducedOCnumber
and/or function are still unclear.

Our hypothesis was that, in RA patients, TNFi decrease
the OC circulating precursors’ differentiation potential and
activity. Thus, the aim of this study was to assess the effect
of TNFi in the differentiation and activity of OC precursors
in a cohort of RA patients, evaluating also the correlation
between clinical manifestations of inflammation and OC
related parameters.

2. Patients and Methods

2.1. Patients. Patients with RA fulfilling the 2010 Amer-
ican College of Rheumatology/European League Against
Rheumatism criteria [10]were recruited from theRheumatol-
ogy Department, Hospital de Santa Maria, Lisbon Academic
Medical Centre, Portugal. All RA patients included were
TNFi naı̈ve and were followed up during a minimum of 6
months after starting TNFi therapy. Information regarding
patients’ demographics, duration of symptoms, erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP), tender
and swollen joints counts, presence of erosion, presence of
rheumatoid factor (RF), and presence of anticitrullinated
protein antibodies (ACPA) was collected. Disease activity
score (DAS28-CRP) was evaluated, as well as the Health
Assessment Questionnaire (HAQ) [11].

Heparinized blood and serum samples were analyzed
in baseline and follow-up samples after TNFi treatment
approximately 6 months later. Whole blood samples were
taken for flow cytometry and for isolation of peripheral
blood mononuclear cells (PBMCs). Samples were stored
at the Biobanco-IMM, Lisbon Academic Medical Center,
Lisbon, Portugal. Patients were managed with the standard
practice and all participants gave their informed consent.The
study was approved by the local ethics committee and was
conducted in accordance with the Declaration of Helsinki as
amended in Brazil (2013).

2.2. Flow Cytometry. Identification of B- and T-cells and
granulocytes in peripheral blood, RANKL surface expres-
sion, and immunophenotyping of monocytes in the PBMC
samples were performed using matched combinations of
anti-human murine mAbs as previously described [12].
Heparinized whole blood was used for flow cytometry and
absolute cell counts were calculated from differential leuko-
cyte count determined for all participants. Mononuclear
cells were isolated from freshly drawn peripheral blood
using density gradient centrifugation with Histopaque�-
1077 (Sigma-Aldrich). Subpopulations of monocytes were
identified based on the surface expression of CD14 and CD16
[13]. Median fluorescence intensity (MFI) was calculated
based only on positive cells as determined by isotype control
gating. FlowJo software (Tree Star, Stanford University) was
used for analyzing flow cytometry data.

2.3. Bone Turnover Markers and Bone Metabolism Proteins
Detection in the Serum. Carboxyterminal type I collagen

cross links (CTX-I) for bone degradation products, human
type I procollagen amino terminal propeptide (P1NP, Sunred
Biological Technology) for bone formation, sclerostin
(SOST), osteoprotegerin (OPG), Dickkopf-related protein-1
(DKK1), and soluble RANKL (ampli-sRANKL, Biomedica
Gruppe) were analyzed with enzyme-linked immunosorbent
assay [14] in serum samples according to the manufacturer’s
instructions.

2.4. PBMC Isolation and Cell Culture. PBMCs were isolated
by density gradient centrifugation and plated in 96-well
culture plates at a density of 7.0 × 105 cells/well as described
previously [12]. PBMCswere left overnight forOCprecursors
to adhere on bone slices and were further cultured for
21 days with macrophage-colony stimulating factor (M-
CSF, 25 ng/mL, Peprotech), sRANKL (50 ng/mL, Peprotech),
dexamethasone (10 nM, Sigma-Aldrich), and transforming
growth factor-𝛽 (TGF-𝛽, 2.5 ng/mL, R&D Systems), as
described by our group [12]. Adherent cells at day 1 and cells
cultured on bone slices for 7, 14, and 21 days [15] were used for
functional assays and gene expression.

2.5. Functional Assays. OCs were stained for tartrate-
resistant acid phosphatase (TRAP) at days 7, 14, and 21
using the Acid Phosphate Leukocyte Kit (Sigma-Aldrich)
according to the manufacturer’s instructions. Multinuclear
cells containing three or more nuclei [16, 17] were counted as
TRAP positive OCs. After visualization, cells were removed
from bone slices using sodium hypochlorite and stained
with 0.1% toluidine blue for the measurement of resorbed
area at days 7, 14, and 21 of culture [18]. Bone slices were
photographed in an area of 1.25mm2 with a bright field
microscope (Leica DM2500, Leica). The number of TRAP
stained OCs was counted at each time point and resorption
pits were traced using ImageJ software (NIH, Bethesda,MD).
The resorbed area was expressed in % of total area.

2.6. Gene Expression. RNA was extracted from cells cul-
tured over bone slices at days 1, 7, 14, and 21 of cul-
ture using NZYol (NZYTech) and complementary (c)DNA
was synthesized as described previously [12]. Genes that
encode osteoclast proteins such as RANK, TNF-receptor
associated factor-6 (TRAF6), Fos-related antigen-2 (FRA-
2), a subunit of H+-dependent ATPase (ATP6V0D2), TRAP,
and cathepsin K (CTSK) were studied by real-time quan-
titative PCR (RT-qPCR) using the DyNAmo� Flash SYBR
Green qPCR Kit (Thermo Scientific). Primers (Suppl. Table 1
in Supplementary Material available online at https://doi
.org/10.1155/2017/2690402) were designed using the primer-
BLAST software [19]. The results were normalized with the
housekeeping gene ribosomal RNA 18s and the standard
curve method was used to determine the efficiency of qPCR
as described previously [20, 21].

2.7. Statistical Analysis. Statistical analysis was performed
with SPSS Statistics 17.0 (IBM) and GraphPad Prism
5 (GraphPad Software Inc.). Categorical variables were
expressed as frequencies and comparisons were tested using
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Table 1: Baseline and follow-up characteristics of patients.

RA patients (𝑛 = 17)
𝑝-value

Baseline Follow-up
Age (years) 50 [38–63] —
% Females 71% —
Symptoms duration (years) 6 [3.5–9.5] —
Rheumatoid factor (% positive) 71 —
ACPA (% positive) 53 —
Erosive (% y) 59 —
Treatment with NSAIDs (% y) 47 —
Treatment with DMARD (% y) 100 —
DMARD duration (months) 15 [3–51] —
ESR (mm/h) 28 [18–48] 21 [13–26] 0.0257
CRP (mg/dl) 1.4 [0.7–2.0] 0.3 [0.04–0.8] 0.0018
Tender joint count 9 [4–14] 0 [0–2] 0.0005
Swollen joint count 7 [4–9] 0 [0-0] 0.0005
DAS28-CRP 5.6 [5.2–6.3] 2.9 [2.2–3.5] <0.0001
HAQ 1.7 [0.8–2.0] 0.1 [0.0–1.0] 0.0059
TNFi duration (months) — 6 [6–12] —
Data is represented as median [Interquartile range] unless stated otherwise; 𝑝-value < 0.05 is considered significant; ACPA - anti-citrullinated protein antibod-
ies; CRP – C-reactive protein; DAS – disease activity score; DMARDs – disease modifying antirheumatic drugs; ESR – erythrocyte sedimentation rate; HAQ -
Health assessment questionnaire; NSAIDs - non-steroidal anti-inflammatory drugs; RA – rheumatoid arthritis; TNFi – tumor necrosis factor inhibitors; y – yes.

Table 2: Monocyte subpopulation frequency and osteoclastogenic marker expression.

Baseline Follow-up 𝑝 value
Classic (%)a 88 [82–89] 78 [70–83] 0.0065∗∗

Classic CD51/CD61 MFI 130 [119–148] 125 [111–137] 0.4258
Classic RANKMFI 133 [116–160] 122 [100–135] 0.1849
Intermediate (%)a 4.4 [2.4–5.6] 4.0 [2.1–7.1] 0.6013
Intermediate CD51/CD61 MFI 222 [139–400] 193 [146–240] 0.8203
Intermediate RANKMFI 197 [117–361] 188 [120–272] 0.9102
Nonclassic (%)a 5.7 [4.1–11] 14 [11.5–18.1] 0.0005∗∗∗,†

Nonclassic CD51/CD61 MFI 192 [80–290] 142 [127–167] 0.5703
Nonclassic RANKMFI 139 [122–157] 138 [126–146] 1.0000
Flow cytometry results are shown as median and interquartile range; agated on the monocyte subpopulation from peripheral bloodmononuclear cells. RANK:
receptor activator of nuclear factor-𝜅B; MFI: median fluorescence intensity (arbitrary units); ∗∗𝑝 < 0.01, ∗∗∗𝑝 < 0.001. †Remained significant after correction
for multiple comparisons.

chi-square test. Continuous variables were expressed by
median and interquartile range. Spearman’s correlations were
performed between the analyzed parameters and clinical
variables (ESR, CRP, tender and swollen joint count, and
DAS28). Baseline and follow-up values of each sample were
compared using Wilcoxon’s matched-pairs signed-rank test
or paired 𝑡-test according to normal distribution. 𝑝 value less
than 0.05 was considered significant.

3. Results

3.1. Patient Background. Seventeen RA patients, evaluated
before and after starting TNFi therapy, were included in this
study. All patients were receiving methotrexate (10–20mg
weekly), 15 of whom were also under low dose prednisolone
and 2 were additionally under bisphosphonates. These ther-
apies had been introduced more than 6 months before TNFi

was started and were stable over the study period. Patients
were treated with one of four TNFi: one of the monoclonal
antibodies (adalimumab, golimumab, or infliximab; 41%)
or etanercept (59%). A blood sample was obtained before
the start of TNFi and after at least 6 months of treatment.
Thirteen patients (76%) were good responders to TNFi and
4 (24%) were moderate responders according to the EULAR
response criteria [22]. Joint counts, ESR, CRP, DAS28, and
HAQ were significantly decreased after TNFi therapy. The
clinical and demographic characteristics of patients both at
baseline and at follow-up are described in Table 1.

3.2. TNFi Treatment in RA Patients Decreases the Frequency
of Circulating Osteoclast Precursors. After TNFi treatment,
the frequency of the classical monocyte subpopulation
(CD14brightCD16−) was decreased (𝑝 = 0.0065; Table 2) and
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Table 3: Whole blood cell distribution and RANKL expression.

Baseline Follow-up 𝑝 value
Neutrophils (%)a 82 [71–91] 90 [84–091] 0.2662
Neutrophils (×108 cells/L) 12.7 [8.0–15.6] 9.6 [8.4–12.9] 0.2642
RANKL+ neutrophils (%)b 22 [3–41] 53 [21–77] 0.0856
RANKL+ neutrophils (×108 cells/L) 1.5 [0.3–4.3] 5.9 [1.8–7.1] 0.1475
Neutrophil RANKL MFI 33.2 [25.5–44.9] 24.1 [21.7–28] 0.0830
T-cells (%)c 62 [58–74] 68 [52–72] 0.5265
T-cells (×108 cells/L) 4.2 [2.4–5.2] 3.4 [2.4–11.7] 0.4131
RANKL+ T-cells (%)b 6.2 [0.8–24] 6.7 [4.6–15.7] 0.8984
RANKL+ T-cells (×108 cells/L) 0.30 [0.03–1.03] 0.20 [0.16–0.69] 0.7646
T-cell RANKL MFI 49 [41–55] 32 [25–53] 0.2061
B-cells (%)c 7.3 [4.8–14] 9.2 [4.9–15.0] 0.7364
B-cells (×108 cells/L) 0.40 [0.18–0.94] 0.44 [0.23–1.51] 0.9658
RANKL+ B-cells (%) 4.7 [2.0–6.7] 14 [3–28] 0.0088∗∗

RANKL+ B-cells (×108 cells/L)b 0.02 [0.01–0.06] 0.06 [0.02–1.22] 0.0029∗∗,†

B-cell RANKL MFI 48 [38–80] 30 [25–63] 0.0401∗

Flow cytometry results are shown as median and interquartile range; agated on granulocytes from whole blood; bgated on the correspondent parent gate
(neutrophil, T- or B-cell); cgated on the nongranulocyte cells from whole blood (also called the “monolymph” gate). RANKL: receptor activator of NF-𝜅𝛽
ligand; MFI: median fluorescence intensity (arbitrary units); ∗𝑝 < 0.05, ∗∗𝑝 < 0.01. †Remained significant after correction for multiple comparisons.

Table 4: Serum levels of bone turnover markers and bone metabolism proteins.

Baseline Follow-up 𝑝 value
sRANKL (pmol/L) 0.32 [0.21–0.67] 0.18 [0.11–0.35] 0.0085∗∗

OPG (pmol/L) 4.34 [2.60–5.82] 4.22 [3.05–5.08] 0.7990
sRANKL/OPG 0.08 [0.04–0.17] 0.05 [0.03–0.07] 0.0031∗∗,†

DKK1 (pmol/L) 25.5 [18.1–43.3] 26.4 [21.9–31.7] 1.000
Sclerostin (pmol/L) 25.2 [16.94–33.8] 25.2 [19.2–29.3] 0.8577
CTX-I (ng/mL) 194.6 [176.6–430.7] 163.6 [152.1–173.9] 0.0005∗∗∗,†

P1NP (ng/mL) 55.7 [46.3–61.3] 45.8 [39.6–48.9] 0.0252∗

CTX/P1NP 3.36 [3.09–3.82] 3.71 [3.34–4.30] 0.5590
Enzyme-linked immunosorbent assay results are shown as median and interquartile range. sRANKL: soluble receptor activator of NF-𝜅𝛽 ligand; OPG:
osteoprotegerin; DKK1: Dickkopf-related protein-1: CTX: carboxyterminal telopeptide of type I collagen; P1NP: total procollagen type 1N-terminal propeptide;
∗𝑝 < 0.05, ∗∗𝑝 < 0.01, and ∗∗∗𝑝 < 0.001. †Remained significant after correction for multiple comparisons.

that of the nonclassical subpopulation (CD14dimCD16+) was
increased (𝑝 = 0.0005) [13]. No differences were identified in
either CD51/CD61 (𝛼v𝛽3 integrin) or RANK surface expres-
sion. After statistical correction for multiple comparisons,
only the increase in the nonclassical subpopulation remained
significant.

RANKL surface staining was performed in CD66b+ neu-
trophils, CD3+ T-cells, andCD19+ B-cells (Table 3). No differ-
ence was found in the total number of circulating neutrophils
and T- or B-cells after therapy. Although the frequency of
RANKL+ neutrophils or T-cells was not significantly different
after treatment, both frequency and absolute number of
RANKL+ B-cells were higher after treatment (𝑝 = 0.0088 and
0.0029, resp.). However, B-cell RANKL surface expression
was significantly decreased after treatment (𝑝 = 0.0401).
When statistically corrected for multiple comparisons, the
increase in RANKL+ B-cells remained significant.

3.3.The sRANKL/OPGRatio andCTX-I Circulating Levels Are
Reduced in RA Patients after TNFi Treatment. Circulating

levels of sRANKL were significantly decreased after TNFi
(𝑝 = 0.0085; Table 4), leading to decreased sRANKL/OPG
ratio (𝑝 = 0.0031). We found no differences in the circulating
levels of DKK1 or SOST. CTX-I and P1NP levels were lower in
patients at 6months of follow-up, when compared to patients
at baseline (𝑝 = 0.0005 and 0.0252, resp.), and no difference
was found in the CTX-I/P1NP ratio. After correcting for
multiple comparisons, the differences in sRANKL/OPG and
CTX-I after treatment remained significant.

3.4. Osteoclast Differentiation and Activity in RA Patients
Are Decreased after TNFi Treatment due to Decreased TNF
Intracellular Signaling and Cathepsin K Expression. Under
stimulating conditions, adhering precursors from patients
treated with TNFi formed fewer OCs than adhering precur-
sors from patients at baseline (𝑝 = 0.0094 at culture day 14,
𝑝 = 0.0203 at culture day 21; Figure 1).

Although the number of resorption pits was not signifi-
cantly different before and after treatment, the area resorbed
per pit was significantly reduced in cultures from patients
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Figure 1: Functional assays of in vitro differentiated OC. (a) Representative images, at culture day 21, of adhering precursors stimulated with
M-CSF, RANKL, dexamethasone, and TGF-𝛽 stained for TRAP, where the pit assay was performed. (b) OC number increased throughout
time and, at culture days 14 and 21, patients at follow-up had significantly fewer osteoclasts than at baseline (𝑝 = 0.0094 and 0.0203, resp.). No
differences were found in the number of resorption pits/mm2; patients at follow-up had significantly smaller pits at culture day 21 (resorbed
area/pit, 𝑝 = 0.0038) and significantly less resorbed area at culture day 21, when compared to their baseline (𝑝 = 0.0383). Dots represent
median counts for each group at each time point and bars represent interquartile range. d: day; OC: osteoclast. Scale bars: 100𝜇m; red arrows:
osteoclasts; black arrows: resorption pits. 𝜏: remained significant after adjusting for multiple comparisons.
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Figure 2: Gene expression profile of stimulated adhering precursors in culture for 21 days. At day 1, TRAF6 expression in patients at follow-
up was significantly reduced (𝑝 = 0.0229). At day 7, both FRA-2 and CTSK expressions were significantly decreased (𝑝 = 0.0242 and
0.035, resp.). At day 21, patients at follow-up had significantly reduced expression when compared to patients at baseline (𝑝 = 0.008). Gene
expression shown as a ratio to housekeeping expression (2(−ΔCT)/2(−ΔCT)). Dots in graphs representmedian gene expression for each group
at each time point and lines represent interquartile range [25–75]. d: day; TRAF6: gene encoding tumor necrosis factor receptor-associated
factor-6; FRA-2: gene encoding Fos-related antigen-2; CTSK: gene encoding cathepsin K. 𝜏: remained significant after adjusting for multiple
comparisons.

at follow-up at culture day 21 (𝑝 = 0.0038), which resulted
in significantly decreased total resorbed area (𝑝 = 0.0383).
After statistical correction for multiple comparisons, only the
differences in OC number at day 14 and the resorbed area per
pit at day 21 remained significant.

Gene expression by RT-qPCR was performed for OC
genes that are known to be important during the adhering
precursors’ differentiation and OC activity. At culture day 1,
TRAF6 expression in patients at follow-up was significantly
lower than in patients at baseline (𝑝 = 0.0229; Figure 2).
At culture day 7, expression of both FRA-2 and CTSK was
significantly decreased after TNFi treatment (𝑝 = 0.0242 and
0.0350, resp.). No differences were found in any of the studied
genes at culture day 14, but at culture day 21 there was a
significant decrease in CTSK expression in the differentiated
OC from patients after treatment. This difference in CTSK
expression remained significant after multiple comparisons
adjustment.

No differences were found in any of the studied param-
eters when comparing monoclonal antibodies (adalimumab,
infliximab, or golimumab) with the fusion protein etanercept
(data not shown). No correlation was found between clinical
or laboratorial inflammatory parameters for any of the
studied variables.

4. Discussion

With this study, we aimed to test the effect of TNFi in the
differentiation and activity of OC precursors in RA patients.

We have shown that RA patients treated with TNFi have
reduced frequency of classic monocytes. We also found a
decrease in the circulating levels of soluble RANKL and con-
sequently a reduction in the sRANKL/OPG ratio after TNFi
treatment. Although no differences in circulating levels of
SOST or DKK1 were detected, serum CTX-I and P1NP levels
were decreased after TNFi treatment, reflecting decreased
bone turnover in these patients. Accordingly, we found that
the ex vivo differentiation and resorptive activity of OC
precursors from TNFi-treated patients were reduced, mainly
due to early downregulation of TNF signaling proteins, such
as TRAF6 or FRA-2, and to a later reduction of CTSK
expression. Moreover, when comparing all studied parame-
ters, we found no differences between the use of monoclonal
antibodies (adalimumab, golimumab, and infliximab) and
the fusion protein [23], suggesting that they have similar
effects onOCprecursors. Previous studies have compared the
effects of different TNFi in disease activity, sRANKL/OPG
ratio, and circulating leukocytes without finding significant
differences [24, 25]. It has been previously reported that
granulocyte numbers were reduced in circulation after 2 and
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14 weeks of infliximab treatment [26]; however, this study
identified granulocytes as CD16+ cells instead of CD66b+
cells. We found no significant differences in the frequency of
neutrophils and T-lymphocytes or in RANKL surface expres-
sion in these cells, but we observed a significant increase
in RANKL+ B-lymphocytes accompanied by a decrease in
RANKL surface expression. There have been a number of
studies addressing the effect of TNFi in RA patients’ periph-
eral lymphocytes; however, there is no consensus among
different reports, mainly due to sampling differences. In 2005,
Toubi and colleagues have shown that infliximab decreased
apoptosis in Tregs of RA patients [27]. Other studies showed
that short in vitro exposure of PBMCs to infliximab or
etanercept had no effect in peripheral lymphocyte apoptosis
[28] or in synovial membrane biopsies [29]. It has previously
been shown that RA patients under TNFi have increased
number of T-regulatory cells and a reduced number of T-
effector cells [30]. Other studies showed that in TNFi-treated
RA patients there were no changes in T-regulatory cells
frequency [24] or in the frequency of total T-cells,monocytes,
or granulocytes and only a transient unspecified effect on B-
cells [31]. To our knowledge, a comparative study of RANKL
expression in RA patients before and after therapy with TNFi
has never been published.

Three monocytes subpopulations, based on their expres-
sion of CD14 and CD16 surface markers, have been described
in humans [13]. In RA patients, it has been shown that
the intermediate subpopulation is increased when com-
pared to healthy donors [13] and apoptosis of local and
peripheral monocytes/macrophages was also increased after
etanercept or infliximab treatment [29, 32]. Another study
has shown no differences in CD14dim or CD14bright sub-
populations after 4 months of infliximab therapy [26]. In
our cohort, 6 months after TNFi therapy, patients showed
decreased classic (CD14brightCD16−) and increased nonclas-
sical (CD14dimCD16+) subpopulations. These changes in
frequency were accompanied by a nonsignificant decrease in
CD51/CD61 (𝛼v𝛽3 integrin) and RANK surface expression
in all subsets. In accordance with our results, a recent study
showed a reduction in classical monocyte subpopulation
and an increase in the nonclassical subpopulation following
infliximab therapy [33]. Moreover, Sprangers et al. observed
that although nonclassical monocytes can also differentiate
into OC, these cells have lower resorptive ability [34], which
might explain why we did not observe bone resorption
increase.

Patients under TNFi had reduced levels of sRANKL,
sRANKL/OPG, CTX-I, and P1NP, suggesting a decrease in
OC activity and a return to balanced coupling of bone
resorption and bone formation. No differences were found
in the circulating levels of DKK1 and SOST after TNFi
treatment. Previous studies have shown discrepancies in the
determination of these bone remodeling-associated proteins.
Studies have found no differences in sRANKL or OPG
serum levels after infliximab or etanercept [35, 36]. However,
contradictory results have emerged regarding both OPG and
sRANKL circulating levels after TNFi therapy [37, 38]. DKK1
and sclerostin have a direct effect on bone formation through

interaction with the Wnt signaling pathway [39] but they
have not been extensively studied in RA patients under
TNFi. Previous reports have shown that etanercept has no
effect on circulating levels of DKK1 but it increases sclerostin
in circulation after treatment [35]. However, infliximab has
been shown to decrease DKK1 levels in patients responding
to therapy [40]. It has been previously shown that TNFi
have a beneficial effect, reducing radiographic damage in RA
patients, even in the absence of clinical improvement [9, 41].
Reports have described a decrease in CTX-I or urinarymark-
ers of bone resorption after TNFi therapy [35, 42]. However,
some discrepancies have been found when studying bone
formation markers. Studies with etanercept and infliximab
showed no alteration in circulating P1NP levels after treat-
ment [35, 42], while another study with etanercept showed
reduced levels of urinary bone formation markers [43].

Although the classical monocyte subpopulation has been
considered the OC precursor subset, all three subpopulations
can differentiate in vitro into OC [44]. To understand the
effect of TNFi in OC differentiation and function, we isolated
PBMCs from RA patients before and after TNFi treatment
and cultured them in vitro over bone slices. After TNFi
treatment, we found a decrease in OC number and both
in the total resorbed area and in the average resorbed area
per pit. No differences in pit number and in the number
of nuclei/OCs, aspects associated with OC activity, were
identified [45].These observations suggest that TNFi reduces
the number and mobility of OCs.

Complex in vivo studies with animal models also showed
that infliximab and etanercept reduced the bone resorbed
area [46, 47] and etanercept decreased 𝛼v𝛽3 integrin expres-
sion [48]. In a study similar to ours, Gengenbacher and
colleagues studied RA patients under infliximab therapy for
6 months and observed decreased pit number after in vitro
cell culture in OC differentiating conditions [36]. There have
been reports that infliximab inhibits directly (in vitro)murine
and human OC formation [49, 50]. Other authors show that
although TNFi reduce the number of murine pre-OCs in
vitro, there is no effect in the total number of formedOCs [51].
Another study has shown that infliximab directly inhibits OC
formation in high density healthy PBMC cultures without
any further stimuli [52]. Etanercept was also shown to inhibit
in vitro OC formation induced by M-CSF and IL-23 from
healthy subjects [53]. Controversially, Takita and colleagues
cultured PBMCs fromRA patients, exposing them toM-CSF,
RANKL, and infliximab in vitro, and observed that infliximab
increased bone resorption when compared to M-CSF and
RANKL alone [54].

There is evidence that TNF contributes to expression
of specific OC proteins and that it directly activates OC
differentiation through cross activation of theNF-𝜅Bpathway
or c-Jun N-terminal kinase (JNK) signaling cascade [55]. We
were interested in understanding the underlyingmechanisms
of reduced OC formation and bone resorption after TNFi,
so we conducted gene expression assays and observed that
OC precursors from RA patients after TNFi exposure had
decreased expression of TRAF6 at culture day 1, followed
by a reduction of FRA-2 and CTSK at day 7, and finally
decreased expression of CTSK at culture day 21, when



8 BioMed Research International

compared to patients before TNFi exposure. RANK/RANKL
signaling cross-talks with TNF signaling, as RANK is a TNF-
superfamily member [56]. Upon activation, both RANK
and TNF activate cytoplasmic kinases and adaptor proteins,
including TRAF6, which further activate FRA-2 [57]. FRA-2
is a protein that when associated with Fos and AP-1 promotes
the transcription of OC differentiating genes, including
CTSK [58]. In TNFi-treated patients, we have observed not
only a decrease in serum CTX-I (cleaved by CTSK), but also
a reduction in CTSK expression after adhering precursors
differentiation in vitro, as well as a decline in the resorbed
area/OC. This has previously been observed in a RA patient
with concomitant pycnodysostosis, an autosomal recessive
mutation in the cathepsin K gene characterized by absence
of this enzyme. Osteoclasts from these patients form very
small resorbing pits and do not release CTX-I into the culture
media [59].

Themain limitations of this work were the lack of healthy
controls and the reduced number of patients and the diversity
of TNF blockers studied, which we tried to overcome by
studying the same patient before and after therapy.

Taken together with the results found in the literature,
these findings suggest that TNFi decrease bone resorption,
independently of the control of disease activity. We propose
that this is due to the direct reduction of OC classical precur-
sors and downregulation of intracellular signaling pathways
involving TRAF6 resulting in a reduction of CTSK expression
and consequent lack of OC motility. Further investigation of
the signaling pathways involving TRAF6, such as the ASK1-
TRAF6 interaction, is of clear interest in this context.

Additional Points

Key Messages. (i) TNFi decrease bone resorption through
the direct reduction of OC precursor numbers. (ii) TNFi
downregulate the intracellular signaling pathways involving
TRAF6 resulting in a reduction of CTSK expression and
consequent lack of OC motility.
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Objective. To investigate the expression and target genes of pigment epithelium-derived factor (PEDF) in cartilage and
chondrocytes, respectively.Methods.Weanalyzed the expression pattern of PEDF in different human cartilaginous tissues including
articular cartilage, osteophytic cartilage, and fetal epiphyseal and growth plate cartilage, by immunohistochemistry and quantitative
real-time (qRT) PCR. Transcriptome analysis after stimulation of human articular chondrocytes with rhPEDF was performed by
RNA sequencing (RNA-Seq) and confirmed by qRT-PCR. Results. Immunohistochemically, PEDF could be detected in transient
cartilaginous tissue that is prone to undergo endochondral ossification, including epiphyseal cartilage, growth plate cartilage, and
osteophytic cartilage. In contrast, PEDF was hardly detected in healthy articular cartilage and in the superficial zone of epiphyses,
regions that are characterized by a permanent stable chondrocyte phenotype. RNA-Seq analysis and qRT-PCR demonstrated
that rhPEDF significantly induced the expression of a number of matrix-degrading factors including SAA1, MMP1, MMP3, and
MMP13. Simultaneously, a number of cartilage-specific genes including COL2A1, COL9A2, COMP, and LECT were among the
most significantly downregulated genes. Conclusions. PEDF represents a marker for transient cartilage during all neonatal and
postnatal developmental stages and promotes the termination of cartilage tissue by upregulation of matrix-degrading factors and
downregulation of cartilage-specific genes. These data provide the basis for novel strategies to stabilize the phenotype of articular
cartilage and prevent its degradation.

1. Introduction

Pigment epithelium-derived factor (PEDF), also known as
Serpin F1 (SERPINF1), was originally isolated from human
fetal retinal pigment epithelial cells and was defined as a
potent antiangiogenic factor [1, 2]. PEDF is also expressed in
a multitude of other tissues and represents a multifunctional
protein that also includes neurotrophic, neuroprotective, and
antitumorigenic properties [3–7]. PEDF is also present in the
skeletal system, in particular in regions undergoing endo-
chondral ossification and bone remodeling [5, 8, 9]. During
mouse development, PEDF is expressed in chondrocytes
within epiphyseal growth plate cartilage [10]. PEDF could
also be found in the growth zone of the deer antler [11].While

healthy articular cartilage typically lacks PEDF, it is detectable
in osteoarthritic cartilage [9, 12]. High levels of PEDF could
also be detected in osteophytes [9], which suggests a role
of PEDF in terminal chondrocyte differentiation and the
endochondral ossification process. Recently, mutations of
the SERPINF1-gene resulting in loss-of-function of PEDF
cause the recessive osteogenesis imperfecta type IV that is
characterized by a severe skeletal phenotype with increased
risk of fractures and skeletal deformities [13–15]. But the
role of PEDF within skeletal tissues is still not clear. PEDF
was suggested to support mineral deposition by induction
of osteoblastic genes [16]. In osteosarcoma cells and mes-
enchymal progenitor cells, PEDF was shown to exert antian-
giogenic and proapoptotic effects involving upregulation of
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FasL [9, 17]. However, differentiated chondrocytes were not
permissive to PEDF-induced apoptosis [9], which suggests
further functions of PEDF within the skeletal tissue.

Thus, the aim of this study was to investigate the func-
tional role and involved genes of PEDF in cartilaginous tissue,
in particular during the process of endochondral ossification.
Therefore, we focused on the distribution of PEDF within
different human cartilaginous tissues of different develop-
mental stages that are subjected to endochondral ossification,
including the fetal epiphysis, the postnatal growth plate,
and adult articular and osteophytic cartilage. As a refer-
ence, MMP13 expression served as marker for endochondral
ossification. Transcriptome analyses using RNA sequencing
(RNA-Seq) and bioinformatics pathway analyses based on
PEDF-stimulated human articular chondrocytes were per-
formed to define potential target genes and downstream-
pathways activated by PEDF.

2. Methods

2.1. Tissue Samples. Human epiphyses (20-week gestation)
and postnatal epiphyseal growth plate cartilage were obtained
from donors at autopsy. Human adult articular cartilage
as well as osteochondral osteophyte samples was obtained
as matched pairs from the same knee joints of 10 patients
undergoing total knee arthroplasty for osteoarthritis (mean
age 75.5 years, range 70–82 years). The diagnosis of primary
osteoarthritis was based on clinical and radiographic evalua-
tions according to standard criteria. Secondary osteoarthritis
or rheumatoid arthritis was excluded from this study. For
mRNA expression analysis, macroscopically intact articu-
lar cartilage (AC) was isolated from osteochondral speci-
men originating from the resected femoral condyles with
a macroscopically intact joint surface characterized by an
Outerbridge score of 0 or 1. Osteophytic cartilage (OC), as
well as periosteal mesenchyme (PM) and subchondral bone
(B), were isolated from osteochondral samples of the same
respective joints originating from the edges of the femoral
condyles. Only joints with distinct osteophyte formationwere
used for this study. Osteophytes were distinguished from the
marginal transition area of the joint surface by the existence
of a concave ridge towards the joint surface.

For protein isolation and mRNA-analysis, articular carti-
lage, osteophytic cartilage, periosteal mesenchyme, and bone
were dissected and isolated. In order to distinguish between
articular cartilage and to selectively isolate the cartilaginous
cap of the osteophytes and to exclude any abrasion of bone
trabeculae and calcified tissue of the deepest cartilaginous
zone, only minimal forces were applied with a scalpel by
cutting tangentially to the surface to yield thin cartilaginous
osteophyte slices of less than 1mm thickness. Each patient
gave informed consent prior to surgery, and the institutional
ethics committee approved the study (Ref. number 3555).

2.2. Immunohistological Analysis. Specimens of human fetal
epiphyses, human fetal epiphyseal growth plates, and human
adult osteochondral section from the edges of the femoral
condyles, containing periosteal mesenchyme, osteophyte car-
tilage, articular cartilage and subchondral bone, were used

for histological analysis. All osteochondral specimens were
fixed in 4% paraformaldehyde for 12 hours, followed by
decalcification in 0.5M ethylene diamine tetraacetic acid
(EDTA) for 3 months. After standard processing, the samples
were embedded in paraffin. Specimens were cut in serial
transverse 5 𝜇m sections and stained with toluidine blue
(TB) or hematoxylin/eosin (H/E) for morphological assess-
ment.

For immunohistochemical detection of PEDF, sections
were pretreated with 0.05% trypsin and incubated with goat
anti-human PEDF antibodies (Santa Cruz Biotechnology,
Santa Cruz, CA). For detection of MMP13, sections were
pretreated with 0.05U/ml Chondroitinase (Sigma-Aldrich,
Taufkirchen, Germany) and incubated with mouse anti-
human MMP13 antibodies (Calbiochem, Darmstadt, Ger-
many). Negative control sections were incubated with iso-
type normal mouse IgG (Santa Cruz Biotechnology). The
sections were incubated with biotinylated anti-goat or anti-
mouse secondary antibodies (Dianova,Hamburg, Germany),
respectively. Bound antibodies were visualized by a complex
of streptavidin and biotinylated alkaline phosphatase (Vec-
tastain, ABC-AP, Vector Laboratories, Burlingame, CA). The
sections were developed with fast red and counterstained
with hematoxylin. Immunohistochemical detection of type I
and type II collagen was performed as previously described
in detail [18].

2.3. Immunoblot Analysis. Protein extracts were obtained
from articular cartilage, osteophyte cartilage, and bone
as described previously [19]. After boiling, 50 𝜇g protein
extracts were separated by sodium dodecyl sulfate (SDS)
PAGE on a 10% gel and transferred on nitrocellulose transfer
membranes. The efficiency of protein transfer was controlled
by Ponceau S staining. After blocking, the nitrocellulose
membranes were incubated with a monoclonal mouse anti-
PEDF antibody diluted 1 : 1250 (Abcam, Cambridge, UK) or
a rat anti-𝛼-tubulin antibody (diluted 1 : 1000) (AbD Serotec,
Kidlington, UK) overnight at 4∘C. Horseradish peroxidase-
conjugated goat anti-mouse antibodies (GEHealthcare, Little
Chalfont, UK) or goat anti-rat antibodies (Dianova, Ham-
burg, Germany) (diluted 1 : 10000) were used as secondary
antibodies. The immunoreactive proteins were visualized
using a chemiluminescence kit (Roche, Mannheim, Ger-
many) followed by exposure to a chemiluminescent detection
film.

2.4. Cell Culture. Human primary chondrocytes were iso-
lated from intact knee cartilage (Outerbridge score 0 or
1) from 6 different donors as described previously [19].
Cells were cultivated in Dulbecco’s modified Eagle’s medium
(DMEM; Sigma-Aldrich, Germany) supplemented with 10%
fetal calf serum (FCS), 1% penicillin/streptomycin and 0.1%
amphotericin.

2.5. Transcriptome Analysis (RNA-Seq). Prior to RNA-
Seq analysis, dose-finding studies were performed, which
revealed a concentration-dependent increase in target gene
expression (MMP3) from 50 to 250 ng/ml recombinant
human PEDF (Biolegend, San Diego, CA) (Suppl. Figure 1 in



BioMed Research International 3

Supplementary Material available online at https://doi.org/10
.1155/2017/7183516). Therefore, we used 250 ng/ml PEDF as
the most effective concentration of PEDF for further stim-
ulation experiments.

Articular chondrocytes from 3 different human adult
donors were independently stimulated with 250 ng/ml
rhPEDF. RNA from stimulated cells and nonstimulated
control cells was extracted using the High Pure RNA
Isolation Kit (Roche, Mannheim, Germany) according to
the manufacturer’s protocol. The quality of RNA of PEDF-
stimulated cells and control cells was assessed using a 2100
Bioanalyzer system (Agilent Technologies, Santa Clara, CA).
Barcoded RNA sequencing libraries were prepared from
100 ng total RNA using TruSeq� Stranded mRNA Sample
Preparation Kit, according to the manufacturer’s instructions
(Illumina, San Diego, CA). To control sources of variation
during sample and data processing, a common set of external
spike-in RNA controls from Ambion, developed by the
external RNA controls consortium (ERCC), was used (Life
Technologies, Carlsbad, CA).

Libraries were subjected to single-end sequencing
(101 bp) on a HighSeq-2500 platform (Illumina). Quality
filtering was performed using cutadapt v. 1.9.1; then reads
mapping to rRNAs, tRNAs, snRNAs, and interspersed
repeats were filtered out by performing alignment against a
manually curated filter reference file using bwa-mem v.0.7.14-
r1136 and keeping only unmapped reads. Subsequently,
these reads were mapped against the hg19 reference genome
using the STAR aligner v. 2.4.0j [20] and a STAR genome
directory created by supplying an Ensembl gtf annotation
file (genebuild 2013-09) for hg19. Absolute read counts per
gene were obtained using Subread’s feature Counts program
v. 1.4.6-p2 [21] and the Ensembl gtf annotation file.

The following analyses were performed using R ver-
sion 3.2.1. In particular, differential expression analysis was
performed with the DESeq2 package v. 1.8.1 [22]. DESeq2
models count data by means of a negative binomial dis-
tribution and employs a Wald test for hypothesis testing.
Differences in gene expression were considered statistically
significant if their Benjamini-Hochberg adjusted p value
was less than 0.1. Functional annotation analysis for genes
significantly differentially expressed following rhPEDF stim-
ulation and with fold difference in expression between the
two sample groups ≥ 2 was performed using Ingenuity
Pathway Analysis (IPA, QIAGEN, Redwood City, CA) and
Gene Set Enrichment Analysis (GSEA) (Broad Institute;
http://www.broadinstitute.org/gsea) [23]. In order to assess
robustness of our results, we have reanalyzed our data using
edgeR. While DESeq2 identified 1134 differentially expressed
genes (adj p < 0.1), edgeR identified 1240 differentially
expressed genes, 946 of which overlapped between the two
analyses. Comparison of the quantile ranks of fold changes
revealed a very high correlation between both analytical tools,
yielding Spearman’s 𝑅2 of 0.94 for all genes and 0.98 for
significantly regulated genes (Suppl. Figure 2 a, b).

2.6. Quantitative Reverse-Transcription PCR (qRT-PCR).
Quantitative mRNA expression was analyzed in human

articular cartilage tissue, periosteal mesenchyme, osteophyte
cartilage, and bone. qRT-PCR was also performed in iso-
lated human articular chondrocytes after stimulation with
250 ng/ml rhPEDF. Total RNA was isolated using the High
Pure RNA Isolation Kit (Roche Diagnostics, Mannheim,
Germany) according to the manufacturer’s instructions.

Gene expression levels were quantified by qRT-PCR
using the QuantStudio 12K Flex Real-time PCR System and
TaqMan RNA-to-Ct 1-Step Kit (Life Technologies, Carlsbad,
CA). TaqMan gene expression assays (Applied Biosystems,
Foster City, CA) were used for, Serum Amyloid A1 (SAA1)
(Hs00761940 s1), interleukin-6 (IL-6) (Hs00174131 m1),
matrixmetalloproteinase-1(MMP1)(Hs00233958 m1),matrix
metalloproteinase-3 (MMP3) (Hs00233962 m1), matrix
metalloproteinase-13 (MMP13) (Hs00233992 m1), vascular
endothelial growth factor-A (VEGFA) (forward primer: 5-
GGGCAGAATCATCACGAAGTG-3; reverse primer:
5-GGTCTCGATTGGATGGCAGTA-3; probe 5-
TGAAGTTCATGGATGTCTATCAGCGCAG-3), sex
determining region Y-box 9 (Sox9) (Hs00165814 m1), NKX3-
2 (forward primer: 5-CCAAGAAGGTGGCCGTAAAG-3;
reverse primer: 5-ACTTCGCCGGGCAGGTAT-3; probe
5-TGGTGCGCGACGACCAGAG-3), aggrecan core
protein (ACAN) (Hs00153936 m1), sex determining region
Y-box 5 (Sox5) (Hs00374709 m1), chondromodulin-1
(LECT1) (Hs00170877 m1), cartilage oligomeric matrix
protein (COMP) (Hs00164359 m1Hs), collagen type II,
alpha1 (Col2A1) (Hs00156568 m1), and 𝛽2-microglobulin
(𝛽2M) (Hs00984230 m1). The relative quantification of gene
expression was performed by the standard curve method.
For each sample, the relative amount of the target mRNA
was determined and normalized to 𝛽2M.

2.7. Cell Pellet Culture. After passaging, human articular
chondrocytes (4 × 10𝑒5) from three different donors were
cultivated independently at 1% O2 in DMEM supplemented
with 10mM 𝛽-glycerophosphate, 1 nM dexamethasone, and
0.05mmol/l ascorbate-P-phosphate in monolayer. After 24 h,
the cells were stimulated with 250 ng/ml recombinant PEDF.
Another 24 h later, the cells were released from monolayer
and centrifuged at 2500 rpm for 5min and left in conical
tubes to form pellets. The cells were stimulated again with
250 ng/ml PEDF at day 3 and 7 of pellet culture. The pellets
were fixed and stained at day 21 of the pellet culture.

2.8. Statistical Analysis. All data are presented as mean ± SD.
Statistical analysis was done by GraphPadPrism6 software
V 6.04. Quantitative gene expression was analyzed using
ANOVA and Student’s two-sided t-test. All statistical results
were considered significant for p values < 0.05, unless stated
otherwise.

3. Results

3.1. PEDFExpression inOsteophytes andDifferent Tissue Types
within the Joint. The forming osteophyte in osteoarthritic
joints represents a model for endochondral ossification
within the adult organism. Osteophytes are typically charac-
terized by a superficial fibrocartilaginous layer, followed by

https://doi.org/10.1155/2017/7183516
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Figure 1: Detection of PEDF mRNA and protein in adult human joint tissues. Toluidine blue staining (a) depicts articular cartilage (white
arrow), osteophytic cartilage (black arrowhead), subchondral bone (black arrow), and periarticular mesenchyme (open arrowhead). Inserts
show higher magnifications of osteophytic cartilage. PEDF is detectable by immunostaining in osteophytic cartilage and the osteoblastic
lining of subchondral bone (b). Correspondingly, MMP13 immunostaining is positive in osteophytic cartilage and subchondral bone
(c). Quantitative RT-PCR analysis of PEDF (d) and MMP13 (e) in articular cartilage (AC), periarticular mesenchyme/periosteum (PM),
osteophytic cartilage (OC), and subchondral bone (B). Detection of protein levels of PEDF and 𝛼-tubulin (loading control) by immunoblot
analysis (f). Bars = 200 𝜇m. ∗𝑝 < 0.05; ∗∗𝑝 < 0.01.

a cartilaginous layer and deeper osseous core (Figure 1(a)).
Strong immunostaining for PEDF is detectable in the deeper
cartilaginous zone of the osteophyte (Figure 1(b)). Periar-
ticular mesenchyme and bone structures show moderate
immunoreactivity for PEDF. Articular cartilage is completely
negative for PEDF staining (Figure 1(b)). The quantitative
gene expression analysis of the corresponding tissues reflects
the pattern of immunohistochemistry, with strong PEDF
mRNA expression in osteophytic cartilage (OC), bone (B),
and periarticularmesenchyme, but virtually no PEDFmRNA
expression in healthy articular cartilage (AC) (Figure 1(d)).
As a control, the presence and expression of MMP13 were
simultaneously analyzed as a reference marker for cartilage
tissue undergoing endochondral ossification. The immuno-
histochemical detection of MMP13 and gene expression
analysis revealed strong staining and high mRNA levels
within the deeper cartilaginous zones of the osteophyte
and moderate expression subchondral bone, but virtually

no expression in healthy articular cartilage (Figures 1(c)
and 1(e)). Corresponding to the mRNA expression, PEDF
protein could hardly be detected by immunoblot in articular
cartilage (AC), but strongly in osteophytic cartilage (OC) and
moderately in bone tissue (B) (Figure 1(f)).

3.2. Detection of PEDF in Fetal Epiphyses and Growth
Plate. At the fetal developmental stage, the epiphysis of the
femoral condyle is composed of cartilaginous tissue that is
characterized by zone-specific cellular phenotypes and still
lacks the secondary center of ossification (Figure 2(a)). The
superficial zone contains chondrocytes of small diameters at
high cellular density. In this zone, PEDF and MMP13 were
not detected by immunohistochemistry. The cartilaginous
matrix of the superficial zone is typically positive for type
II collagen (Col II) and negative for type I collagen (Col
I), except for the very superficial cell layer in which this
characteristic collagen pattern is inversed. Within the center
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Figure 2: Immunohistochemical analysis of the fetal epiphysis and growth plate.The epiphyses were sectioned into the central and superficial
zone, the proliferation andhypertrophic zone, and the ossification zone (a).The typicalmorphological characteristics of the different zones can
be identified by hematoxylin eosin (HE) staining. Immunohistochemical staining for PEDF, MMP13, Col I, and Col II reveals a respective
zone-specific pattern. No nonspecific staining was evident in negative controls incubated with isotype normal mouse IgG control. In the
postnatal epiphyseal growth plate (b), PEDF is detectable in the proliferation zone, ossification zone, and osteoblastic lining. Correspondingly,
MMP13 staining is positive in the hypertrophic zone and osteoblastic lining. Bars = 50 𝜇m.

of the epiphysis, the chondrocytes are surrounded by a
type II collagen-positive matrix negative for PEDF and type
I collagen immunostaining. MMP13 is not detectable in
the epiphyseal center, either. The proliferation zone and
ossification zone of the fetal epiphysis resemble the respective
zones of the growth plate in later postnatal stages. In the
proliferation zone, the chondrocytes are aligned in a colum-
nar pattern and are embedded in matrix positive for type
II collagen, PEDF, and MMP13. In the ossification zone, the
ossification front and forming bone tissue shows positive
immunostaining for type I collagen. PEDF is also strongly
detectable in proliferating and hypertrophic chondrocytes as
well as in forming bone trabeculae, which corresponds to the
immunoreactivity pattern of MMP13.

PEDF and MMP13 can also be detected in the growth
plate from a newborn human donor in a zone-dependent
manner (Figure 2(b)).While the resting zonewas negative for
both PEDF and MMP13, moderate staining for PEDF could
be detected around the columnar aligned chondrocytes in the
proliferation zone. Strong positive staining for both PEDF

and MMP13 was found in the lower hypertrophic zone and
the osteoblastic lining of forming trabeculae.

3.3. Gene Expression Profile and Biological Effects. RNA-Seq
data analysis was performed to globally identify potential
transcriptional targets of PEDF in primary human chon-
drocytes. We sequenced the transcriptome of chondrocytes
isolated from the knee joints of three individuals that were
either stimulated by 250 ng/ml PEDF or left as nonstimulated
controls.

The expression patterns of PEDF-stimulated cells and
untreated control cells were clearly separated as confirmed
by principal component analysis (Figure 3(a)).The hierarchi-
cally clustered heatmap depicts a total of 1133 genes that were
differentially expressed between chondrocytes stimulated
by PEDF and nonstimulated cells using RNA sequencing
analysis (adj. 𝑝 < 0.1) (Figure 3(b)). The most differentially
expressed genes (>3-fold change) are listed in Table 1. The
most significantly upregulated and downregulated genes with
roles in the skeletal system are shown in Table 2.
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Figure 3: Analysis of PEDF target genes and pathways in chondrocytes using RNA-Seq. Principal component analysis of RNA-Seq expression
data demonstrate distinct separation between PEDF-stimulated and nonstimulated chondrocytes (a). Hierarchical clustered heatmap shows
differentially expressed genes for each sample. A total of 613 genes (in red) are upregulated and 520 genes (in blue) are downregulated
following PEDF treatment (b). IPA-determined enriched signaling pathways (c), disorders (d), and cellular functions (e) associated with
PEDF treatment.

Ingenuity Pathway Analysis (IPA) was applied for the
set of genes which were more than 2-fold up- or down-
regulated by PEDF (adj. 𝑝 < 0.01), in an effort to iden-
tify canonical pathways, diseases, and biological functions
that are closely related to PEDF stimulus in the context
of the skeletal system (Figures 3(c)–3(e)). The top canon-
ical pathways found to be differentially expressed between
PEDF-stimulated and nonstimulated control chondrocytes
belonged to catabolic, inflammatory, and matrix-degradative
pathways (Figure 3(c)). Notably, the most enriched signaling

pathways functionally converged to NFkB, as one of the
common central elements. The disease and function analysis
by IPA demonstrated that the most significantly gene sets
influenced by PEDF in chondrocytes were attributable to
connective tissue disorders, skeletal and muscular disorders,
inflammatory diseases, organismal injury and abnormalities,
and tissue morphology (Figure 3(d)). The IPA-analysis for
cellular functions enriched by PEDF included cellular growth
and development, cellular movement, cell-to-cell signaling,
cellular development, and cell death/survival (Figure 3(e)).
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Table 1: Most differentially expressed genes in PEDF-stimulated cells versus nonstimulated control cells (change > 3-fold).

Gene symbol Description Fold change Adj p
SAA1 Serum amyloid A1 34.58 <1.0𝐸 − 120
NOS2 Nitric oxide synthase 2, inducible 20.13 4.89𝐸 − 118

LCN2 Lipocalin 2 15.97 <1.0𝐸 − 120
C3 Complement component 3 12.00 3.22𝐸 − 171

MMP13 Matrix metallopeptidase 13 (collagenase 3) 10.46 5.59𝐸 − 93

MT1H Metallothionein 1H 10.39 1.63𝐸 − 56

HSD11B1 Hydroxysteroid (11-beta) dehydrogenase 1 10.02 2.28𝐸 − 90

LTF Lactotransferrin 8.94 1.62𝐸 − 53

PTX3 Pentraxin 3, long 8.92 4.89𝐸 − 118

CXCL5 Chemokine (C-X-C motif) ligand 5 8.86 7.08𝐸 − 29

VNN2 Vanin 2 8.33 1.31𝐸 − 32

BIRC3 Baculoviral IAP repeat containing 3 7.73 3.05𝐸 − 49

CXCL2 Chemokine (C-X-C motif) ligand 2 7.33 6.25𝐸 − 24

MT1F Metallothionein 1F 7.25 2.15𝐸 − 48

SOD2 Superoxide dismutase 2, mitochondrial 7.06 5.50𝐸 − 164

PI3 Peptidase inhibitor 3, skin-derived 6.82 3.28𝐸 − 22

MT1G Metallothionein 1G 6.75 3.79𝐸 − 23

CCL2 Chemokine (C-C motif) ligand 2 6.50 2.98𝐸 − 107

IL32 Interleukin 32 5.85 8.08𝐸 − 19

VCAM1 Vascular cell adhesion molecule 1 5.61 1.31𝐸 − 66

IL4I1 Interleukin 4 induced 1 5.49 4.38𝐸 − 18

LAMB3 Laminin, beta 3 5.46 7.05𝐸 − 99

CX3CL1 Chemokine (C-X3-C motif) ligand 1 5.43 7.54𝐸 − 28

TNFAIP2 Tumor necrosis factor, alpha-induced protein 2 5.31 5.42𝐸 − 51

TLR2 Toll-like receptor 2 4.99 8.76𝐸 − 58

CST2 Cystatin SA 4.62 2.95𝐸 − 14

CHI3L2 Chitinase 3-like 2 4.44 2.82𝐸 − 68

SLC7A2 Solute carrier family 7 (cationic amino acid transporter), member 2 4.37 2.65𝐸 − 72

RELB V-rel avian reticuloendotheliosis viral oncogene homolog B 4.05 2.58𝐸 − 24

IL34 Interleukin 34 3.86 3.32𝐸 − 18

CSF1 Colony stimulating factor 1 (macrophage) 3.82 1.62𝐸 − 53

TNFAIP8 Tumor necrosis factor, alpha-induced protein 8 3.77 1.17𝐸 − 17

WTAP Wilms tumor 1 associated protein 3.71 5.00𝐸 − 47

VNN3 Vanin 3 3.66 3.56𝐸 − 10

ELF3 E74-like factor 3 (ETS domain transcription factor, epithelial-specific) 3.60 1.61𝐸 − 11

RARRES1 Retinoic acid receptor responder (tazarotene induced) 1 3.56 1.26𝐸 − 10

NFKBIA Nuclear factor of kappa light polypeptide gene enhancer inhibitor, alpha 3.53 2.20𝐸 − 41

MMP1 Matrix metallopeptidase 1 (interstitial collagenase) 3.50 1.32𝐸 − 10

NOD2 Nucleotide-binding oligomerization domain containing 2 3.45 1.37𝐸 − 09

LBP Lipopolysaccharide binding protein 3.29 2.40𝐸 − 20

LIF Leukemia inhibitory factor 3.25 1.40𝐸 − 15

CD74 CD74 molecule, major histocompatibility complex, class II invariant chain 3.13 1.41𝐸 − 21

TNFAIP3 Tumor necrosis factor, alpha-induced protein 3 3.13 1.63𝐸 − 18

MT1E Metallothionein 1E 3.09 7.77𝐸 − 24

IRAK2 Interleukin-1 receptor-associated kinase 2 3.07 4.03𝐸 − 24

MSC Masculine 3.06 7.48𝐸 − 08

PLK2 Polo-like kinase 2 3.05 3.82𝐸 − 17

SLC30A2 Solute carrier family 30 (zinc transporter), member 2 3.04 2.15𝐸 − 07

G0S2 G0/G1switch 2 3.00 3.86𝐸 − 18

OGN Osteoglycin −3.03 3.96𝐸 − 34

COMP Cartilage oligomeric matrix protein −3.05 9.37𝐸 − 48

ACTC1 Actin, alpha, cardiac muscle 1 −3.07 2.01𝐸 − 10
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Table 1: Continued.

Gene symbol Description Fold change Adj p
CFH Complement factor H −3.07 1.65𝐸 − 57

COL9A3 Collagen, type IX, alpha 3 −3.14 8.30𝐸 − 65

COL9A2 Collagen, type IX, alpha 2 −3.18 1.32𝐸 − 46

SLC14A1 Solute carrier family 14 (urea transporter) −3.28 7.13𝐸 − 14

ADAMTSL2 ADAMTS-like 2 −3.34 9.68𝐸 − 17

CHAD Chondroadherin −3.92 3.85𝐸 − 30

COL2A1 Collagen, type II, alpha 1 −4.33 3.10𝐸 − 49

CYTL1 Cytokine-like 1 −4.45 2.11𝐸 − 35

GDF10 Growth differentiation factor 10 −4.57 1.43𝐸 − 46

Likewise, GSEA showed significant positive correlation
with TNF𝛼-signaling via NFkB, cellular protein catabolic
processes, and cellular component disassembly, but neg-
ative correlation with collagen formation, extracellular
matrix organization, and glycosaminoglycan metabolism
(Figure 4(a)).These, findings based on transcriptome analysis
are in agreementwith the biological response of human chon-
drocytes that were stimulated by PEDF. In three-dimensional
pellet cultures, isolated human articular chondrocytes have
the capability to redifferentiate and form a proteoglycan-
rich matrix, as indicated by a metachromatic Toluidine blue
staining and negative staining for MMP13 (Figure 4(b)). In
contrast, treatment by PEDF interfered with chondrogenic
redifferentiation resulting in a matrix largely lacking pro-
teoglycans. However, the PEDF-treated cell pellets showed
a distinct immunoreactivity for MMP13, particularly in the
superficial layers (Figure 4(b)).

The data from RNA-Seq were confirmed by qRT-PCR
resulting in a 32.5-fold increase of SAA1 mRNA (𝑝 = 0.003),
7.8-fold increase of MMP13 mRNA (𝑝 = 0.001), 4.2-fold
increase of MMP1 mRNA (𝑝 = 0.03), 7.5-fold increase
of MMP3 mRNA (𝑝 = 0.003), and 20.2-fold increase of
IL6 mRNA (𝑝 = 0.04) (Table 2; Figure 4(c)). A number
of genes involved in skeletal development showed signifi-
cantly reduced expression as detected by RNA-Seq. These
results were confirmed by qRT-PCR, which showed a 7.1-fold
decrease of COL2A1 mRNA (𝑝 = 0.00001), 4.8-fold decrease
of COMP mRNA (𝑝 = 0.00001), and 3.5-fold decrease of
LECT1 mRNA (𝑝 = 0.001) (Table 2; Figure 4(c)). A number
of additional cartilage-associated genes were also shown to be
significantly downregulated upon PEDF stimulus, including
a 2.2-fold decrease of NKX3-2 mRNA (𝑝 = 0.00004), 2.3-fold
decrease of ACANmRNA (𝑝 = 0.00006), 2.9-fold decrease of
SOX5 mRNA (𝑝 = 0.01), and a 1.4 decrease in SOX9 mRNA
(𝑝 = 0.001) (Table 2).

4. Discussion

This is the first study that comprehensively investigated the
role of PEDF on the genome-wide gene expression profile
of chondrocytes. We could demonstrate that PEDF signif-
icantly upregulates the expression of catabolic and matrix-
degrading factors that promote the termination and decay
of transient cartilage tissue, while simultaneously, typical

cartilage-specific genes are downregulated. SAA1 was the
most highly upregulated gene by PEDF. SAA1, an acute-
phase protein, was shown to be expressed by chondrocytes
and to promote cartilage destruction by stimulating the
expression of matrix metalloproteinases [24]. SAA1 is also
expressed by MSCs and osteoblasts, in which it may support
the proinflammatory phase of osteogenic differentiation and
enhanced mineralization [25, 26].

Interestingly, MMP13, the reference marker for terminal
chondrocyte differentiation and endochondral ossification,
was among the 5most significantly upregulated genes follow-
ing PEDF stimulus. Immunohistochemical analysis demon-
strated a corresponding staining pattern of MMP13 to that
of PEDF, which was observed in the zone of endochondral
ossification in human epiphyseal cartilage, growth plate
cartilage, and osteophytic tissue. MMP13 is the major colla-
genase expressed in the primary and secondary ossification
centers and drives endochondral ossification by degrading
major cartilage components, such as type II collagen and
aggrecan [27]. MMP13 is known as one crucial mediator
to promote the endochondral ossification process and the
terminal differentiation of chondrocytes [27, 28]. MMP13 is
also required for adequate bone development, in particular
bone remodeling [29]. Thus, MMP13 may be one of the most
relevant target genes induced by PEDF for the skeletal system,
in particular for cartilage tissue that undergoes endochondral
ossification.

PEDF is a pluripotency protein that is expressed inmulti-
ple tissues. Several signaling pathways have been described
for PEDF, including the IP3-AKT, MEK-ERK, or PLA2-
PPAR𝛾 pathway, which all converge in the activation of
the NF𝜅B complex [30–34]. Indeed, the Ingenuity Pathway
Analysis IPA of the present study revealed NF𝜅B as one
common central target upon PEDF stimulus. In fact, NF𝜅B-
and ERK-pathways are known to be the main mechanisms
that induce MMP13 and MMP1 expression in chondrocytes
[35–37].

The activation of theNF𝜅B andPPAR𝛾pathwaysmay also
explain the highly significant downregulation of many genes
encoding for cartilage-specific matrix proteins. Most of these
genes are under the transcriptional control of the transcrip-
tional complex of Sox5, Sox6, and Sox9 [38]. Sox9 is a central
transcription factor for a large number of cartilage-specific
genes and represents stabilizing factor of the chondrocyte
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Table 2: Selected genes with roles in the skeletal system significantly up- or downregulated by rhPEDF.

gene symbol Description Fold change Adj p
Ranking among
the upregulated
genes (𝑛 = 613)

qRT-PCR
Fold change mean

(95% CI) P value

SAA1 Serum amyloid A1 34.53 <1.0𝐸 − 120 1 32.5 (11.5–53.5) 0.003

NOS2 Nitric oxide synthase 2,
inducible 20.11 4.89𝐸 − 118 2

MMP13 Matrix metallopeptidase 13 10.41 5.59𝐸 − 93 5 7.8 (4.3–11.3) 0.001

SOD2 Superoxide dismutase 2,
mitochondrial 7.06 5.50𝐸 − 164 15

TLR2 Toll-like receptor 2 4.99 8.76𝐸 − 58 25
MMP1 Matrix metallopeptidase 1 3.50 1.32𝐸 − 10 38 4.2 (0.2–8.2) 0.03
MMP3 Matrix metallopeptidase 3 2.28 2.20𝐸 − 4 87 7.5 (3.2–11.7) 0.003

PPARG
Peroxisome

proliferator-activated
receptor gamma

1.65 0.031 275

ADAMTS1
ADAMmetallopeptidase
with thrombospondin type

1 motif, 1
1.55 7.48𝐸 − 07 338

NFKB1
Nuclear factor of kappa
light polypeptide gene
enhancer in B-cells 1

1.53 1.70𝐸 − 4 345

IL6 Interleukin 6 (interferon,
beta 2) 1.47 0.076 386 20.2 (−7.7–48.2) 0.04

SOX9 SRY (sex determining
region Y)-box 9 −1.31 6.30𝐸 − 04 370 −1.4 −(1.2–1.8) 0.001

SOX5 SRY (sex determining
region Y)-box 5 −1.61 1.02𝐸 − 05 143 −2.9 −(1.2–5.5) 0.01

ACAN Aggrecan −1, 75 4.49𝐸 − 08 104 −2.3 −(1.7–3.2) 0.00006
COL9A1 Collagen, type IX, alpha 1 −1.82 7.93𝐸 − 08 84
NKX3-2 NK3 homeobox 2 −1.92 9.43𝐸 − 05 66 −2.2 −(1.7–3.0) 0.00004

FGFR3 Fibroblast growth factor
receptor 3 −1.92 2.51𝐸 − 10 53

S100A1 S100 calcium binding
protein A1 −2.17 1.43𝐸 − 22 41

PRG4 Proteoglycan 4 −2.27 2.01𝐸 − 26 29

LECT1 Leukocyte cell derived
chemotaxin 1 −2.33 5.31𝐸 − 07 26 −3.5 −(1.6–18.5) 0.001

COL11A1 Collagen, type XI, alpha 1 −2.38 1.68𝐸 − 24 25
COL11A2 Collagen, type XI, alpha 2 −2.50 1.71𝐸 − 24 20
FRZB Frizzled-related protein −2.87 6.31𝐸 − 27 14

COMP Cartilage oligomeric matrix
protein −3.03 9.37𝐸 − 48 11 −4.8 −(3.2–9.2) 0.00001

COL9A2 Collagen, type IX, alpha 2 −3.12 1.32𝐸 − 46 7
COL9A3 Collagen, type IX, alpha 3 −3.13 8.30𝐸 − 65 8
CHAD Chondroadherin −4.00 3.85𝐸 − 30 4
COL2A1 Collagen, type II, alpha 1 −4.32 3.10𝐸 − 49 3 −7.1 −(3.8–41.4) 0.00001

phenotype [38]. The only moderate downregulation of Sox5
and Sox9 gene expression by PEDFmay not solely explain the
highly significant downregulation of many cartilage genes. It
is likely that posttranscriptional mechanisms contribute to
the antichondrogenic effects of PEDF. In this context, the
activated NF𝜅B complex and PPAR𝛾 were shown to reduce

the transcriptional activity of Sox9 by interferingwith nuclear
translocation, destabilization of Sox9mRNA, and limiting the
availability of cofactors such as p300 [39–41]. Furthermore,
MMP13 itself may affect the activity of Sox9, since knock-
down of MMP13 resulted in increased nuclear translocation
of Sox9, [42, 43].
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Figure 4: Biological effects exerted by PEDF in chondrocytes. GSEA shows significantly enriched biological processes and signaling pathways
based on the gene sets positively and negatively correlatedwith PEDF treatment (a). PEDF-treated or nontreated three-dimensional cell pellets
were analyzed by Toluidine blue (TB) staining andMMP13 immunohistochemistry (b). RNA-Seq data were confirmed by qRT-PCR showing
the n-fold expression of significantly positively and negatively regulated genes with relevance for the skeletal system (c). Bars show the mean
and SD. Bar = 1mm.

Recently, the loss of PEDF function was identified to
be associated with osteogenesis imperfecta type VI that is
characterized by a severe skeletal phenotype. In human mes-
enchymal stem cells, PEDF was able to induce osteoblastic
related genes such asALP, Runx2,OCN, andBSP and increase
ALP activity and support mineral deposition, albeit, this
effect was much lower than the effect achieved by osteogenic

medium [16]. Nevertheless, an in vivo model demonstrated
that PEDF is able to mediate ectopic bone formation in
muscle pockets [44]. In the present study focusing on the gene
expression of chondrocytes, we could not detect significant
effects of PEDF on the expression of osteogenic genes. Thus,
the impact of PEDF on endochondral ossification may rather
be based on degradation and remodeling processes than on
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induction of mineral deposition. However, further work is
needed to explore the impact of PEDF onmineral deposition
in cells other than mesenchymal stem cells, such as matrix-
embedded chondrocytes. Indeed, high-resolution backscat-
tered electron imaging and synchrotron X-ray scattering of
human bone biopsies of osteogenesis imperfecta type VI
patients revealed even an increased calcium content of the
bone matrix, as well as coexistence of highly mineralized
bone matrix with seams of abnormally low mineral content
atypical collagen fibril organization around osteocytes, which
supports the concept of a disturbed matrix remodeling
during early steps of mineralization [15]. In fact, a similar
phenotype could be observed in MMP13-deficient mice
which are characterized by an impaired remodeling of the
perilacunar matrix, disruption of the canalicular network,
abnormal collagen, and mineral organization [29]. These
observations underline the assumption that PEDF exerts its
functional role in endochondral ossification via MMP13.

PEDF could also be detected within cartilage repair tissue
induced by bone marrow-stimulating techniques (data not
shown). The repair tissue typically suffers from an instable
transient chondrocyte phenotype and excessive subchondral
bone formation within the defects [45–47]. This supports
the concept that PEDF serves as a marker for a transient
chondrogenic differentiation status and the corresponding
staining pattern of MMP13 (data not shown) may serve as
a trigger for inadvertent endochondral ossification within
cartilage repair tissue.

In conclusion, PEDF plays an important role in the
endochondral ossification process during all developmen-
tal stages. PEDF mediated the decay of transient cartilage
tissue by promoting matrix degradation and suppression of
cartilage-specific gene expression. PEDF represents a marker
for the transient status of the chondrocyte phenotype that
is subjected to terminal differentiation and endochondral
ossification. The inhibition of PEDF action may be the basis
for future therapeutic strategies in order to stabilize the
chondrocyte phenotype of articular cartilage and to prevent
its degradation.
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Over the years, studies have demonstrated morphological changes in the brain of fibromyalgia (FMS). We aimed to conduct a
coordinate-basedmeta-analytic research through systemic review on voxel-basedmorphometry (VBM) imaging results to identify
consistent graymatter (GM) difference between FMSpatients and healthy subjects.We performed a comprehensive literature search
in PubMed (January 2000–December 2015) and included six VBM publication on FMS. Stereotactic data were extracted from 180
patients of FMS and 123 healthy controls. By means of activation likelihood estimation (ALE) technique, regional GM reduction
in left medial prefrontal cortex and right dorsal posterior cingulate cortex was identified. Both regions are within the default mode
network. In conclusion, the gray matter deficit is related to the both affective and nonaffective components of pain processing.This
result also provided the neuroanatomical correlates for emotional and cognitive symptoms in FMS.

1. Introduction

Fibromyalgia (FM) is characterized by chronic widespread
pain with accompanying symptoms, such as fatigue, morning
stiffness, insomnia, cognitive dullness, depression, and anx-
iety [1, 2]. Not only does FM impair life quality [3], but it
also increases disability and absence from work [4]. With the
evolving diagnostic criteria of FM [5], the prevalence rate is
estimated about 2∼4% in the general population with female
predominance [6, 7]. Despite genetic, environmental, and
biochemical factors proposed as the underlying pathophys-
iology [8, 9], the exact mechanism pertaining to FM is still

under debate. Early research on peripheral neural or muscu-
lar damage in patients of FM failed to detect consistent evi-
dence [10].Therefore, central sensitization has been proposed
to explain the features of FM, including allodynia (increased
sensitivity to stimulus that does not normally provoke pain)
and hyperalgesia (heightened response to painful stimulus)
[11, 12].

Over the past two decade, central sensitization theory
can be further exemplified in the studies using neuroimaging
techniques. Single-photon-emission-computed tomography
(SPECT) imaging has demonstrated regional cerebral blood
flow (rCBF) decrease in thalamus and pontine region in
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patients of FM [13, 14]. The ensuing PET study has not only
shown rCBF decrease in several brain regions, supporting the
dysfunctional cognitive processing of pain, but also higher
retrosplenial rCBF, suggesting secondary hyperalgesia [15].
Since the inception of functional magnetic resonance imag-
ing (fMRI), it became easier to infer neural activity by proxy
of blood-oxygen-level-dependent (BOLD) contrast without
the need of radioactive tracer or contrast agent. Multiple
paradigms were applied to study the differential activation
between FM patients and normal controls. With the stimuli
of pressure [16–18], repetitive heat pulses [19], nociceptive
injection [20], or even incision of forearm [21], compared to
normal, FM patients showed increased activation in assorted
pain related brain areas, such as thalamus, primary (S1) aswell
as secondary (S2) somatosensory cortices, insula, and cingu-
late cortex [16–21]. On the other hand, impaired descending
inhibitory pain system was evinced from the results of
decreased activation in rACC (rostral anterior cingulate cor-
tex) and thalamus [18] and reduced resting-state functional
connectivity between ACC with PAG (periaqueductal gray)
[22] in FM patients.

Although tasked-related fMRI helps us extract specific
cognitive function in FM patients, the variety of different
paradigms impede us from compiling or comparing all these
studies directly. Besides functional changes, research on
structural changes in chronic pain patients has concurrently
been in the limelight. Voxel-basedmorphometry (VBM) [23]
is the most widely employed technique and has been impli-
cated in several groups, including chronic low back pain [24,
25], tension headache [26], irritable bowel syndrome [27],
and chronic pelvic pain [28]. In fibromyalgia, several articles
using region-of-interest (ROI) method focusing on “pain
matrix” in brain have discovered gray matter decrease in
anterior [29–31] and midcingulate [29] cortices, prefrontal
cortex [30], midinsula [29], amygdala [30, 31], right and left
lateral orbitofrontal cortex [31], and hippocampi [32].

These studies reiterated the theoretical importance of the
key brain regions. However, unbiased whole-brain studies
could also be conducted by VBM without need of selected
ROIs. Furthermore, by using meta-analytic approach of
activation likelihood estimate (ALE) method [33, 34], we are
able to pinpoint consistent structural brain changes in several
illness, such as schizophrenia [35], bipolar disorder [36],
posttraumatic stress disorder [37], Alzheimer’s disease [38],
narcolepsy [39], chronic pain [40], and headache [41].There-
fore, to provide greater insight into the structure changes
of FM, current study aims to review the findings from
all the whole-brain VBM research published to date and
to conduct an ALE-basedmeta-analysis.We also hypothesize
that we could observe convergent brain areas associated with
the features FM encompasses.

2. Methods and Materials

2.1. Search Strategies and Selection Criteria. We conducted
a comprehensive literature search in PubMed database
(January 2000–December 2015) by using the key works
“fibromyalgia,” “voxel,” “morphometry,” “voxel-based mor-
phometry,” and “VBM.” We did not set specific restrictions

on language of the literature. Cited articles in systemic
reviews related to brain structure changes in fibromyalgia
were also examined to increase any possibility of unincluded
papers in previous literature search. Two independent inves-
tigators (LC and WHH) evaluated the methodology and the
quality of the selected studies, where demographics, name of
the first author, publication year, title of the journal, age of the
participants, total number of participants, sex ratio, matching
method, and the methods and thresholds in SPM were also
examined.

2.2. Study Selection

2.2.1. Inclusion Criteria. The inclusion criteria for the stud-
ies in this meta-analysis are (1) peer-reviewed articles
with retrievable full-text, (2) patients were diagnosed with
fibromyalgia with healthy controls, (3) VBM procedure in
MR anatomical analysis done in whole-brain structure by
either GMV or GMC; we excluded region-of-interest (ROI)
or volume-of-interest (VOI) method, and (4) peak coordi-
nates available in Montreal Neurologic Institute (MNI) or
Talairach and Tournoux stereotactic space.

2.2.2. Data Extraction. We inputted the 𝑥, 𝑦, and 𝑧 peak
activation coordinates from the eligible contrasts into the
meta-analysis. Coordinates reported in MNI space were
converted to Talairach coordinates [42, 43]. We texted and
employed the MNI coordinates from the data to GingerALE
2.1.1 (http://brainmap.org/ale/, Research Imaging Institute of
the University of Texas Health Science Center, San Antonio,
TX).

2.2.3. ALE Meta-Analysis. The version of current ALE
approach [33, 44, 45] is the one implemented from theCBMA
of neuroimaging results [34, 45]. In short, each stereotactic
coordinates were represented as the peak center of the
three-dimensional (3D) Gaussian probability distribution.
A computed modeled activation (MA) map was derived to
encapsulate the localization probabilities. The sample size of
each studywas used to estimate the spatial uncertainty related
to the activation [46]. The overlapping of the distributions
across different studies was calculated. We calculated the
ALE values voxel-by-voxel by summing the MA maps
derived from above. In doing so, the current analysis would
not deal with foci (fixed effects), but with the concurrence
from the studies (random effects). We set a 0.05 false
discovery rate (FDR; q) for multiple comparisons correction
[34, 47] with a minimum cluster size 200mm3. We created
NIfTI (.nii) format in our output image and displayed
result with Mango (Multi-Image Analysis Graphical User
Interface [GUI]), along withMNI space Colin brain template
[48]. We labeled the clusters by using SPM Anatomy
Toolboxv1.8 (http://www.fz-juelich.de/inm/inm-1/DE/For-
schung/ docs/SPMAnatomyToolbox/SPMAnatomyToolbox
node.html) [46, 49, 50].

3. Results

Based on the inclusion criteria, 7 VBM studies [51–57], in
which 8 groups of comparison between FMS patients and

http://brainmap.org/ale/
http://www.fz-juelich.de/inm/inm-1/DE/Forschung/_docs/SPMAnatomyToolbox/SPMAnatomyToolbox_node.html
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(a) (b)

Figure 1: Sagittal, coronal, and axial sections of regions of gray matter reduction in fibromyalgia compared with normal controls ((a) left
medial prefrontal cortex and (b) right dorsal posterior cingulate cortex). Results are from the activation likelihood estimation. Activation is
significant at 𝑝 < 0.05 corrected for multiple comparisons using the false discovery rate.

controls, were eligible in the final analysis (Table 1). In sum,
180 fibromyalgia patients and 123 controls were included.
A total of 47 peak coordinates were reported for brain
structural changes, of which 31 were included for decreased
gray matter and 16 were included for increased gray matter,
in patients of FMS compared with NC. The ALE meta-
analysis revealed gray matter decreased in patients of FMS
in 2 clusters (illustrated in Figure 1 and Table 2), including
left medial prefrontal cortex, extending partly to anterior
cingulate area (mPFC/ACC, BA 9/32, cluster size: 432mm3,
and coordinates of cluster maxima: 𝑥: −10, 𝑦: 34, 𝑧: 30)
and right dorsal posterior cingulate cortex, extending to
posterior-midcingulate cortex (dPCC/pMCC, BA 31, cluster
size: 368mm3, and coordinates of cluster maxima: 𝑥: 12, 𝑦:
−18, 𝑧: 42). We adopted the classification proposed by Vogt
and Destrieux [58, 59] in the subdivisions of the cingulate
cortex. No foci survived in the analysis showing gray matter
increases in the reverse contrast.

4. Discussion

We employed meta-analytic analysis with ALE to pool VBM
studies to assess the structural brain changes between FM
patients and healthy subjects. We identified the patients of
FM to have GM reduction in left mPFC and right dPCC.

mPFC has been denoted as part of themedial pain system
[60, 61]. Stimulation of mPFC with transcranial magnetic
stimulation (TMS) pulse may increase sensitivity [62] and
decrease threshold of pain perception [63]. In another single-
photon emission computed tomography (SPECT) study, the

deactivation of mPFC after repetitive TMS over the primary
motor cortex was correlated with pain reduction [64]. Thus,
mPFC has been postulated to be involved in the descend-
ing pain modulation system [65, 66], whether inhibitory
or facilitatory. Therefore, our result may be supportive to
the proposed mechanism of the dysfunctional descending
analgesia in FMS, rendering the chronic widespread pain
[67, 68].

Besides pain, neuropsychological symptoms, including
depression, anxiety [69], and cognitive complaints [70],
are frequent in FMS. As catastrophizing may amplify pain
processing [71], it is found that brain activity in mPFC is
correlated with catastrophizing [72]. A plausible explanation
is that, along with ACC, mPFC is the brain region activated
by the anticipation of pain [73] and serves as motivational
aspect of pain [74]. Moreover, the morphology in mPFC is
negatively correlated with performance in working memory
and positively correlated with pain perception [75], a finding
that signifies the pain-cognition interaction. In sum,MPFC is
the brain region known to modulate cognitive and emotional
processing. Along the caudal-rostral axis of mPFC, objective,
subject, and even meta-cognitive aspects of pain are repre-
sented [76]. It may be these varied functions of mPFC to
account for the diverse symptoms in FMS.

Another area that exhibited decreased GM volume in
FMS was right dorsal PCC. In the more specific breakdown
of this cluster in our study, it actually comprises of dPCC and
pMCC. Dorsal (rostral) PCC is associated with pain in meta-
analysis [77], and pMCC is the region linked with several
chronic somatic pain disorders [78]. Unlike the involvement
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Table 2: Regions of gray matter reduction in fibromyalgia relative to healthy controls.

Region BA MNI coordinates ALE extrema value Cluster size (mm3)
𝑥 𝑦 𝑧

Left medial prefrontal cortex 9/32 −10 34 30 0.0103 432
Right dorsal posterior cingulate cortex 31 12 −18 42 0.0101 368
BA: Brodmann area; MNI: Montreal Neurological Institute; ALE: activation likelihood estimation.

of mPFC and ACC in the emotional component of pain
processing [79], dPCC/pMCC is related to orienting the body
toward nocuous stimuli, the nonaffective component of pain
processing [59], and contributes to the prepotent withdrawal
reaction from pain [80]. Damage of dPCC/pMCC could lead
to visuospatial damage [81].

While clock drawing test has been employed as a screen-
ing tool for cognitive decline in FMS [82], visuospatial mem-
ory impairment has been denoted as the early signal of cogni-
tive decline in FMS, even in ahead of verbal memory decline
[83, 84]. Our result may provide the neural underpinning
for this domain of cognitive deficit in FMS. Besides its role
in orienting motor response, dPCC/pMCC is also the initial
region demonstrating damage in mild cognitive impairment
[81]. Along with MPFC, PCC is involved in self-referential
mental activity [85] and plays a pivotal part in default mode
network (DMN) [86]. Convergent evidences have reported
reduced metabolic activities in PCC in early Alzheimer’s dis-
ease [87], cognitive decline [88], and ageing [89]. Hence, GM
decrease in PCC is attributable to the cognitive dysfunction
frequently found in FMS [54] and is also supportive to the
view that FMS accelerates premature ageing of the brain [51].

The finding of concurrent GM decrease in mPFC and
dPCC in our result does not come in coincidence as they are
among the key brain regions constituting DMN. The impli-
cation of this result could be inferred from previous resting-
state functional connectivity brain imaging studies.

dPCC has been demonstrated with greater connectivity
at rest with mPFC [90, 91]. Nevertheless, this connectivity
is diminished in FMS [22]. Besides, DMN abnormality is
associated with FMS [92] and chronic back pain [93]. At
the same time, it has been suggested that greater activation
of DMN helps people mind-wander away from pain [94].
Thus, we speculate that integrity of the DMN is necessary for
ongoing cognitivemodulation on pain processing and that its
dysfunction may jeopardize nociception.

5. Limitations

Our study is based on meta-analytic approach with several
inherent limitations. First, despite rigorous literature search,
we included only 7 studies in the final analysis due to
exclusion of those studies using ROI method and those
without providing coordinates. In addition, our results may
be subject to publication bias. Those with negative finding
are less often published. Second, these included VBM studies
are varied in their methods, such as difference in prepro-
cessing steps (traditional or optimized), smoothing kernels,
and statistical threshold. Besides, inclusion and exclusion
criteria differ across the studies. This may also influence

the individual result. Third, FMS is a complex disease itself
with multiple comorbidities. A recent study found that
each symptom dimension in FMS was related to a specific
brain morphological change [57]. Another recent database
research demonstrated a bidirectional association between
FMS and depression [95].We did not exclude those comorbid
with depression specifically. Indeed, our result revealed GM
decreases in mPFC, a common region reported both in
depression [96, 97] and FMS [54, 56] research. As most pain
related brain imaging studies, we cannot ascertain this struc-
tural change related to depression or pain itself [98]. In the
same vein, to answer the question whether the GM decreases
is a consequence of illness or the cause of the illness is out
of the scope by current study design. Chronic nociceptive
stimulus is thought as a cause for GM decreases [99] as some
evidences have displayed correlation between pain duration
[25]. Still, more longitudinal cohort studies are needed to
disentangle this problem.

6. Conclusions

In conclusion, current meta-analytic results indicate the
decrease gray matter volume in left mPFC and right dPCC
in patients of FMS. These two areas are related to cognitive,
affective, and nonaffective components of pain processing,
supporting the notion of central sensitization theory of FMS.
In addition, mPFC and right dPCC are also deeply linked
with the default mode network. Thus, beside the areas of the
typical “pain matrix,” such as insula or anterior cingulate
gyrus, our results may shed light on other area of the same
importance and provide insight over future research on the
mechanism of fibromyalgia.
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Lupus nephritis is one of the most severe Systemic Lupus Erythematosus features, defining treatment modality and prognosis.
Our retrospective study, including 178 patients treated for lupus nephritis during 23 years with mostly cyclophosphamide-based
initial regimens followed by azathioprine or mycophenolic acid, demonstrates 84.8% of renal response with 19.2% of flares, 15-year
patient survival 78.7% and kidney survival 76.3%, and low damage accrual. Both patient and kidney survival significantly differ
for subgroups that achieved complete or partial renal response and nonresponders: patient 15-year survival 95% versus 65% versus
35%; kidney 15-year survival 100% versus 58% versus 0%, respectively. 51% (24 out of 47) of patients evaluated at the end of the study
period sustained complete renal response; however, only 9 of them had 0 disease activity according to SELENA SLEDAI scale, while
13 patients had scores 2–4 due to the serological abnormalities only. We conclude that (1) initial treatment with cyclophosphamide
followed by azathioprine is effective and can be used in agreement with International Guidelines until the evidence for biological
treatments benefits becomes available; (2) complete and even partial renal response have positive prognostic value, and failure
to achieve renal response negatively influences kidney and patient survival; (3) the validity of complete renal response in SLE is
questioned by the absence of conventional definition of SLE remission.

1. Introduction

Lupus nephritis (LN) is one of themost severemanifestations
of Systemic Lupus Erythematosus (SLE), mainly defining
treatment modality and prognosis. Approximately 50% of
SLE patients develop LN, which increases the risks for renal
failure, cardiovascular disease, and death. Clinical presen-
tation of LN varies from mild asymptomatic proteinuria
to severe nephrotic syndrome (NS), hematuria, and renal
failure [1, 2]. The pathogenesis of LN has not been clarified
so far; however, among a huge variety of autoantibodies
involved in SLE tissue damage, LN retains the most extensive
group and is triggered by complex autoantibody interac-
tions. Development and progression of LN is regarded as
a multistep inflammatory process which is incited by anti-
DNA and antinucleosome antibodies, culminating in a self-
maintaining inflammatory loopwith spreading of glomerular

inflammation. In the maintenance of the inflammatory pro-
cess, proinflammatory antibodies are involved, among which
anti-C1q is thought to play a major role [3].

Being one of the major features of SLE, renal disorder
is listed in the American College of Rheumatology (ACR)
Revised Criteria for Classification of SLE [4]. Pathology eval-
uation of LN is crucial: according to the EULAR/ERA-EDTA
recommendations for the management of adult and pediatric
lupus nephritis [5], immunosuppressive treatment should be
guided by renal biopsy findings, assessed according to the
International Society of Nephrology/Renal Pathology Society
2003 classification [6]. Initial treatment (IT) recommended
for patients with class III-IV (±V) LN includes mycophenolic
acid (MPA) or low-dose intravenous cyclophosphamide (CY)
in combinationwith glucocorticoids. In patients with adverse
clinical or histological features, CY can be prescribed at
higher doses, while azathioprine (AZA) is an alternative for
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milder cases. For patients not responding to MPA or CY,
switching from MPA to CY and vice versa or introduction
of rituximab should be considered. For pure class V LN,
presenting with NS, IT options are MPA, CY, or calcineurin
inhibitors (cyclosporine, tacrolimus) in combination with
oral glucocorticoids. In patients improving after IT, subse-
quent treatment (ST) with MPA or AZA is recommended
for at least 3 years. Calcineurin inhibitors can be considered
for ST in pure class V LN. Hydroxychloroquine is currently
recommended for all LN patients. KDIGO Clinical Practice
Guideline for Glomerulonephritis [7] provides very similar
approaches to the LN management.

According to the Treat-to-Target paradigm, the treatment
target in SLE patients should be remission of systemic
symptoms and organ manifestations or, if remission cannot
be reached, the lowest possible disease activity, measured
by a validated lupus activity index and/or by organ-specific
markers. Since damage predicts subsequent death, prevention
of damage accrual should be a major therapeutic goal in SLE.
SELENA SLEDAIDisease Assessment Scale and SLICC/ACR
Damage Index are recommended for assessment of SLE
activity and damage [8].

Systemic Lupus Erythematosus Disease Activity Index
(SLEDAI), modified in the Safety of Estrogens in Lupus
Erythematosus National Assessment (SELENA) trial and
known as SELENA SLEDAI system, is a list of 24 clinical
and laboratory descriptors, scored on the basis of their
presence or absence in the previous 10 days before scoring.
The maximum theoretical score for the SELENA SLEDAI
is 105 (all 24 descriptors present simultaneously) with 0
indicating inactive disease.The Systemic Lupus International
Collaborative Clinics/American College of Rheumatology
(SLICC/ACR) Damage Index was designed and validated
for SLE patients to capture nonreversible organ damage, not
related to active inflammation, and lasting at least 6 months
[9–11].

However, while remission was used to be described as a
favourable clinical state for patients with SLE since at least
1970s, there has not yet been an agreed-upon definition of
remission in SLE. There are a number of different ad hoc
definitions of remission that have been used in clinical trials
and observational studies. The definition of SLE remission,
merging clinical disease activity, serological activity, dura-
tion, and subsequent treatment still is under discussion [12].
The recent analysis highlights important ongoing disease
activity, symptom burden, and immunosuppressive medi-
cation in European patients with SLE considered by their
treating physician to be “in remission,” indicating that for a
further improvement of outcomes there is an urgent need for
an international consensus on the definitions for remission
among patients with SLE [13].

On the other hand, instruments for lupus nephritis
evaluation are currently developed. Although the defini-
tions of remission for LN were controversial for more
than two decades [14, 15], and the impact of decrease of
proteinuria versus hematuria is not completely clear so far
[16], KDIGO, based on the evaluation of published clinical
trials, provides definitions for the response to therapy in
LN as follows: complete response (CR)—return of serum

creatinine (SCr) to previous baseline plus decline in urine
protein/creatinine ratio (uPCR) to <50mg/mmol; partial
response (PR)—stabilisation or improvement of SCr but not
to normal range, plus ≥50% decrease in uPCR and uPCR
≤300mg/mmol [7]. EULAR/ERA-EDTA recommendations
also point that immunosuppressive treatment targets are
complete renal response (proteinuria <0.5 g/24-hr with nor-
mal or near-normal renal function) or at least partial renal
response (≥50% reduction in proteinuria with decrease to
subnephrotic levels and normal or near-normal GFR), which
should be achieved preferably by 6 months and no later than
12 months following treatment initiation [4].

In this retrospective study, we aimed to evaluate some
demographic and clinical features, pathology patterns, treat-
ment results, and outcomes in the group of patients with
lupus nephritis, receiving immunosuppressive treatment in
our unit for 23 years, and asses the remission status in the
cohort followed till 2015.

2. Materials and Methods

2.1. Patient’s Selection andWorkup. Using electronic database
and specifically designed charts, we selected 185 SLE patients,
treated in our centre in 1992–2015. Workup, beyond routine,
included lupus serology tests (anti-DNA antibodies, antinu-
clear antibodies, anticardiolipin antibodies, lupus anticoagu-
lant, and C3/C4 complement) and kidney biopsy. Diagnosis
was based on ACR criteria.

2.2. Kidney Biopsy. Kidney core biopsy was taken with
BARD-Magnum biopsy guidance facility. Obtained speci-
mens were divided into two parts and processed for light
microscopy and immunohistology. Formalin fixed/paraffin
embedded sections for light microscopy were stained with
hematoxylin and eosin, Masson’s trichrome, and periodic
acid-Shiff. Unfixed cryosections stained for IgA, IgG, IgM,
C3, C1q, kappa and lambda light chains, and fibrinogen. Kid-
ney biopsies were evaluated by dedicated nephropathologists
according to ISN/RPSClassification; biopsies obtained before
2004 were reassessed for current analysis.

2.3. Treatment Regimens. IT regimens included high dose
i.v. and oral steroids in combination with i.v. CY, MPA,
cyclosporine-A (CyA), or AZA. Low-dose steroids combined
withMPA, AZA, CyA, and i.v. CY quarterly were used for ST.
In some patients, steroids only were used both for IT and ST.
Hydroxychloroquine was added on top of any regimen since
2012. Anticoagulants and/or antiplatelet agents were used
in patients with antiphospholipid syndrome and circulating
antiphospholipid antibodies. Rituximab was used as a rescue
therapy since 2013 in selected refractory cases.

2.4. Results Assessment. Primary efficacy end points, com-
plete response (CR) and partial response (PR), for LN were
evaluated according to the degree of proteinuria and SCr level
based on KDIGO definition, plus resolving of hematuria.
Failure to achieve at least PR in 12 months of IT was consid-
ered as no response (NR). “Hard” outcomes were defined as
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Table 1: Clinical presentation of lupus nephritis.

Symptom Haematuria Proteinuria Nephrotic
syndrome

Impaired
kidney
function

SCr in patients with
impaired kidney function,

𝜇mol/L
n 161 95 90 92 236 [121; 2097]
% 87.0 51.3 48.6 49.7

Table 2: The distribution of lupus nephritis pathology classes.

LN classes 1st biopsy 2nd biopsy
n % n %

Class I 5 4.6 1 6.6
Class II 12 11.1 2 13.3
Class III 22 20.3 3 20
Class IV 42 38.8 3 20
Class V 15 13.8 2 13.3
Class V + class III/IV 3 2.7 2 13.3
Class VI 9 8.3 2 13.3
Total 108 100 15 100

patient’s death and kidney death, which was defined as the
progression to end stage of renal disease (ESRD).

SELENA SLEDAI Disease Assessment Scales and
SLICC/ACR Damage Index were used for SLE activity and
damage accrual evaluation.

2.5. Statistics. Statistical analysis was performed using SPSS
11.5 program package. Differences significance for categorical
variables was evaluated by Fisher’s exact test and 𝜒2 test.
For abnormally distributed variables, median value and
interquartile range were calculated, and Mann-Whitney U
test and Kruskall-Wallis test were used for comparison of
these variables. 𝑝 value < 0.05 was defined for statistical
significance.

3. Results

3.1. Study Population. Patients with SLE constituted 1.7% (185
out of 10599) of subjects treated in our nephrology clinic over
more than 20 years. Study group included 28 (15.1%) males
and 157 (84.8%) females with median age of 29 [15; 70] years;
173 (93.5%) were Caucasian and 12 (6.5%) were Asian. In
89 (48.1%) cases, SLE was first diagnosed in our centre, and
96 (51.9%) patients were referred from other centres, mostly
rheumatology, with previously diagnosed SLE.

3.2. Clinical Presentation. Patients presented with hematuria,
proteinuria/NS, impaired kidney function, and multiple
extrarenal manifestations; LN clinical features are shown in
Table 1.

3.3. Pathology Presentation. 108 (58.3%) patients underwent
kidney biopsy; in 15 cases (13.8% out of biopsied patients), the

second kidney biopsy was performed in 6–118 months after
the first biopsy (Table 2).

3.4. Immunosuppressive Treatment Regimens. Seven patients
did not receive immunosuppressants andwere excluded from
further analysis. 165 out of 178 patients on immunosuppres-
sion were started on IT; 111 patients received ST; 96 patients
were treated with both IT and ST in our centre. Treatment
regimens are shown in Table 3. Hydroxychloroquine in 51
(28.6%) cases and anticoagulants and/or antiplatelet agents
in 83 (46.6%) were used on the top of any regimen.

3.5. Initial Treatment Results. CR of LN in 63 (35.3%) cases
and PR of LN in 88 (49.4%) cases were achieved, while in
27 (15.1%) patients treatment failed. Among those 151 who
achieved remission, 122 (80.7%) sustained remission status
and 29 (19.2%) patients subsequently developed renal flares.

3.6. Long-Term Outcomes. Median follow-up period com-
prised 12 [1; 236] months. At the end of the study period (last
assessment, December 2015), 47 (26.4%) out of 178 patients
on immunosuppression were alive and not on dialysis, 18
(10.1%) started dialysis, 95 (53.3%) were lost for follow-up,
and 18 (10.1%) died.

In patientswhodid not developESRDanddid not recover
kidney function at the last evaluation, median SCr was 182
[115; 580] 𝜇mol/L. 32 patients completely recovered kidney
function.

Causes of death were thrombotic complications of
antiphospholipid syndrome in 7 cases, infectious complica-
tions in 5 cases, cardiac failure in 4 cases, and intracranial
haemorrhage in 2 cases.

3.7. Patient and Kidney Survival. We did not find differences
in the overall patient and kidney survival. 5-year patient
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Table 3: Treatment regimens for initial and subsequent therapy.

Steroids + CY Steroids + MPA Steroids + CyA Steroids + AZA Steroids only Total
n % n % n % n % n %

IT 90 54.5 11 6.6 20 12.1 20 12.1 24 14.5 165
ST 5 4.5 27 24.3 17 15.3 30 27.0 32 28.2 111

Table 4: SELENA SLEDAI and SLICC scoring in the cohort of 47 patients with LN remission.

SELENA SLEDAI SLICC/ACR
0 2–4 6–8 10–12 0 1-2 3-4 5-6

n 19 18 8 2 14 20 11 2
% 40.4 38.2 17.0 4.2 29.7 42.5 23.4 4.2
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Figure 1: 15-year patient survival.

and kidney survival were 87.2% and 87.3%, respectively, 10-
year patient and kidney survival were 81.3% and 81.4%,
respectively, and 15-year patient and kidney survival turned
to be 78.7% and 76.3%, respectively, as shown in Figures 1 and
2.

We analysed patient and kidney survival with respect
to CR and PR of LN, achieved after IT, or to NR. 15-year
patient survival was 95% for CR of LN versus 65% for PR
of LN. In cases with NR, 5-year patient survival was only
35% (Figure 3). All the differenceswere statistically significant
(𝑝 < 0.01).

15-year kidney survival was 100% in patients with CR
of LN versus 58% in patients who achieved only PR of LN.
In patients with NR kidney death occurred in all cases to
the 5th year of follow-up (Figure 4). All the differences were
statistically significant (𝑝 < 0.01).
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Figure 2: 15-year kidney survival.

3.8. Remission Status. 47 patients were evaluated for LN re-
mission status, SLE activity, and damage accrual at the
latest follow-up visit in 2015. In this cohort, 24 (51.0%)
patients achieved and sustained CR, and 21 (44.7%) had
PR of LN. Only 2 (4.3%) patients, who previously achieved
CR, had a nonresolved renal flare at the latest follow-up
assessment. SELENA SLEDAIDisease Assessment Scales and
SLICC/ACR Damage Index data for these patients are shown
in Table 4.

Among 24 patients with sustained CR of LN, only 9
(37.5%) had score of 0 disease activity, 13 (54.1%) had scores
of 2–4, and 2 had score of 6 according to SELENA SLEDAI
Disease Assessment Scales. In all 13 cases with CR of LN
and SELENA SLEDAI scores 2–4, disease activity presented
only by increased anti-DNA antibodies and/or decreased
complement levels.
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Figure 3: 15-year patient survival in patients with CR, PR, and NR.
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Figure 4: 15-year kidney survival in patients with CR, PR, and ND.

4. Discussion

In our LN patients population prevailed young women of
Caucasian origin, almost half of them with newly diagnosed
SLE, mainly presenting with NS, hematuria, impaired kidney
function, and diffuse or focal proliferative LN (classes III and
IV) by pathology. Our retrospective study includes patients
treated long before International Guidelines, outlining the
exclusively low threshold for kidney biopsy indications that
were developed [5, 7]; therefore, the proportion of biopsy

proven LN is only 58%, reflecting the fact that in early
90s we rarely biopsied patients with less severe clinical
manifestations.

Immunosuppressive treatment regimens in our group are
compatible with the current guidelines recommendations
[5, 7]. Combination of steroids and CY was the dominant
treatment option for IT, while MPA and AZA in equal
proportion were more often used for ST. The only exception
is the usage of steroids only for IT and/or ST in early 90s.
That time steroids only were used in patients who did not
tolerate or refused CY/AZA and could not receive MPA,
which was not available for LN treatment in our country
before 1999. Cyclosporine was used for IT and ST mostly in
patients with class V LN, which again matches the current
guidelines recommendations. We did not analyze rituximab
usage results, as it was not available for LN treatment until
2013, and since that it was always second treatment option
after IT failure. We also did not analyze hydroxychloroquine
and anticoagulants/antiplatelets impact, as that was beyond
the scope of the current research.

IT overall efficacy (CR plus PR) turned to be 84.8%,
with the rate of CR 35.3%, which is similar to Chen et al.
data [15] and higher than the ALMS study [17], probably
because our study group included not only patients with LN
lass III–V but also milder cases. Under ST, the rate of flares
turned to be 19.2% during median follow-up of 12 [1; 236]
months, similar to the data from the long-term follow-up of
the MAINTAIN Nephritis Trial [18]. We did not specifically
address the issue of different immunosuppression regimens
efficacy in this study, but the general clinical assessment does
not suggest benefits ofMPAoverCY andAZA in our group of
patients, which is in agreement with the findings fromALMS
study and long-term follow-up of the MAINTAIN Nephritis
Trial [17, 18].

Patient and kidney overall 15-year survival were higher
than 75%. Importantly, in those who achieved CR after IT,
patient and kidney 15-year survival were 95% and 100%,
respectively. In patients who achieved PR, patient and kidney
survival were 65% and 58%, respectively, and in nonrespon-
ders they were 35% and 0%, respectively. These differences
confirm the positive prognostic value of complete and even
partial LN response [15, 16], associated with significantly
better outcomes compared to NR, and stress that failure
to achieve renal response to immunosuppression negatively
influences not only kidney but also patient survival.

Almost half of biopsy proven LN cases were available
for evaluation at the end of the study period. Number of
remissions increased to 95.7%, confirming the higher efficacy
of biopsy-guided treatment [5, 7].

In terms of remission assessment, it is important to
highlight that among 24 patients with sustained CR of LN
more than a half had scores 2–4 by SELENA SLEDAI Disease
Assessment Scales due to the elevated anti-DNA antibodies
and complement abnormalities. These data support the need
for the agreed-upon definition of remission in SLE [12].

Damage accrual was relatively low; majority of patients
had scores 0–2 according to SLICC/ACR Damage Index,
mostly due to steroid cataract, diabetes, osteoporosis, or
incomplete recovery of kidney function. Steroid therapy
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complications clearly prevailed, confirming the necessity of
tapering or even discontinuation of steroid usage after 3 years
of sustained remission [5, 7].

5. Conclusions

Treatment results and long-term outcomes in our group
of 178 lupus nephritis patients, treated during the 23-year
periodwithmostly cyclophosphamide-based initial regimens
followed by azathioprine or mycophenolic acid, demonstrate
84.8% of renal response with only 19.2% of flares during
12 [1; 236] months of follow-up, overall 15-year patient and
kidney survival of 78.7% and 76.3%, respectively, and low
damage accrual. We conclude that initial treatment with
cyclophosphamide and subsequent treatment with azathio-
prine ensure high efficacy and good safety profile and can be
used according to current International Guidelines until the
evidence for biological treatments benefits becomes available.

Patient and kidney survival significantly differed between
subgroups that achieved complete renal response, partial
renal response, and nonresponders, with patient 15-year
survival 95% versus 65% versus 35%, respectively (𝑝 < 0.01),
and kidney 15-year survival 100% versus 58% versus 0%,
respectively (𝑝 < 0.01). We conclude that complete and even
partial renal response has a positive prognostic value, while
failure to achieve renal response to immunosuppression
negatively influences not only kidney’s but also patients’
survival.

In the cohort of 47 patients followed up at the end
of the study period, 51% demonstrated sustained complete
renal response. However, only 9 out of these 24 patients
had 0 disease activity according to SELENA SLEDAI Disease
Assessment Scale, while 13 patients had scores 2–4 due to the
elevated anti-DNA antibodies and complement abnormali-
ties without clinical activity features. We conclude that the
validity of complete renal response in SLE is questioned by
the absence of conventional definition of SLE remission and
the uncertain value of serological abnormalities.
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Objective. To evaluate the association of -174G/C IL-6 polymorphism with failure in therapeutic response to methotrexate (MTX)
or leflunomide (LEF). This prospective, observational cohort included 96 Mexican-Mestizo patients with moderate or severe
rheumatoid arthritis (RA), initiatingMTX or LEF, genotyped for IL-6 -174G/C polymorphism by PCR-RFLP.Therapeutic response
was strictly defined: only if patients achieved remission or low disease activity (DAS-28 < 3.2). Results. Patients with MTX or LEF
had significant decrement in DAS-28 (𝑝 < 0.001); nevertheless, only 14% and 12.5% achieved DAS-28 < 3.2 at 3 and 6 months.
After 6 months with any of these drugs the -174G/G genotype carriers (56%) had higher risk of therapeutic failure compared with
GC (RR: 1.19, 95% CI: 1.07–1.56). By analyzing each drug separately, after 6 months with LEF, GG genotype confers higher risk of
therapeutic failure than GC (RR = 1.56; 95% CI = 1.05–2.3; 𝑝 = 0.003), or CC (RR = 1.83; 95% CI = 1.07–3.14; 𝑝 = 0.001). This risk
was also observed in the dominantmodel (RR = 1.33; 95%CI = 1.03–1.72; 𝑝 = 0.02). Instead, in patients receivingMTX no genotype
was predictor of therapeutic failure.We concluded that IL-6 -174G/G genotype confers higher risk of failure in therapeutic response
to LEF in Mexicans and if confirmed in other populations this can be used as promissory genetic marker to differentiate risk of
therapeutic failure to LEF.
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1. Introduction

Rheumatoid arthritis (RA) is a chronic, systemic, inflamma-
tory disease that involves synovial joints and other organs and
it is associated with impairment in physical function, higher
morbidity, andprematuremortality [1].Multiple guidelines of
treatment for RA recommend, as first-line treatment, the use
of conventional synthetic disease-modifying antirheumatic
drugs (cs-DMARDs), with methotrexate (MTX), as the
cornerstone of the majority of the therapeutic schemes [2–
4]. Leflunomide (LEF) was the last cs-DMARD to appear
before the biologic-DMARDs era, and LEF is considered an
alternative as first-line treatment in patients with RA with
intolerance to or contraindication for MTX [4]. In devel-
oping countries with serious economic limitations for the
utilization of biologic-DMARDs, treatment based on MTX
or LEF constitutes an alternative, frequently employed as
monotherapy or combined therapy. In Mexico, a multicenter
study performed, with the aim of describing the drugs most
frequently utilized for the treatment of RA and ankylosing
spondylitis, found that around 72.3% of 1,096 patients with
RA were taking MTX and 18.5% LEF [5]. However, a signifi-
cant number of patients are considered nonresponders to cs-
DMARDs. Several works have reportedwide variability in the
efficacy of MTX or LEF. Strand et al. reported that the rate of
response inACR20 forMTX is only 46%and for LEF 52%, but
only 20% with LEF and 9% with MTX achieved therapeutic
response in ACR70 [6]. In fact, other authors observed a
higher response rate using ACR20 criteria: 62% of responders
to LEF and 54% to MTX [7]. According to treat-to-target
concepts, one of the main objectives in the treatment of RA
is to maintain remission of the disease activity or at least the
achievement of low disease activity [8]. Unfortunately, a high
proportion of patients with monotherapy with cs-DMARDs
do not achieve these therapeutic targets. A concern regarding
the treatment of RA comprises earlier recognition of patients
with factors that predict a lack of efficacy in order to mod-
ify the therapeutic strategy. Cytokines constitute important
mediators of the immune and inflammatory response and
play an important role in the pathophysiology of joint inflam-
mation and destruction in RA [9]. Among these cytokines,
interleukin-6 (IL-6) has a relevant role in the perpetuation
of synovial joint inflammation in RA, being widely related
with disease activity [10, 11] and radiologic joint damage
[12]. Some authors have described that genetic differences
in the expression of IL-6 can be related with more severe
disease [13]. The -174G/C IL-6 gene promoter polymorphism
(rs1800795), localized in the negative regulative domain of the
IL-6 gene promoter, is involved in transcriptional regulation
[14, 15], whereas Konenkov et al. identified that GG genotype
was associated with higher IL-6 serum levels [16].

Several studies have suggested that the -174G/C IL-6
polymorphism may constitute a genetic marker for identi-
fying a predisposition for therapeutic response to biologic-
DMARDs [17–19]. However, only a single group of authors,
to our knowledge, have examined, in two separate studies, the
influence of the -174G/C IL-6 gene promoter polymorphism
on therapeutic response to MTX or LEF [20, 21]. Pawlik

et al. analyzing -174G/C IL-6 gene promoter polymorphism
in RA patients identified that genotype GG may confer a
risk for lower response to MTX compared with genotypes
GC and CC [20]. Instead, the -174G/C polymorphism may
not affect therapy outcomes in patients with RA treated
with LEF [21]. Although these studies presented interesting
findings, two major limitations can be observed. First, these
two studies investigate therapeutic response using ACR20
or ACR50 as the main outcome measures; these are well-
validated scales for clinical trials, but not for cohort studies,
and neither ACR20 nor ACR50 provide sufficient informa-
tion of disease severity at baseline. Second, because these
two studies analyzed the effects of MTX and LEF in the
presence of the -174G/C IL-6 gene promoter polymorphism
separately, they were unable to evaluate the overall response
to both of these cs-DMARDs and to compare if -174G/C IL-6
gene promoter polymorphism is predictor of the therapeutic
response comparing both drugs. A more strict definition of
therapeutic response should be applied to achieve the aim of
maintaining remission or at least low disease activity with the
therapy; in this regard, it is highly recommended to use DAS-
28 < 3.2 as main outcome measure. Therefore, the aim of this
observational cohort study was to evaluate the association
of -174G/C IL-6 polymorphism with failure in therapeutic
response to MTX or LEF in Mexican-Mestizo women with
RA.

2. Materials and Methods

2.1. StudyDesign. This studywas a prospective, observational
cohort (patients were included in a period covering October
2014 toDecember 2015) of patients with establishedmoderate
or severely active RA who initiated MTX or LEF for the
treatment of their disease.

2.2. Clinical Setting. This was a single-center study per-
formed at an outpatient rheumatology clinic of a secondary-
care hospital in Guadalajara, Mexico (Hospital General
Regional 110, IMSS).These patients were referred by primary-
care physicians from a primary-care clinic.

2.3. Patients. Inclusion criteria comprised patients with RA
according to American College of Rheumatology (ACR)
1987 criteria [22], >18 years of age, with an active disease
defined as a Disease-Activity Score (DAS-28) index of 28
joints with a score of >3.2, with Mexican-Mestizo ethnicity
(defined as individuals who, for three generations including
their own, were born in Mexico and who were descendants
of the original autochthonous inhabitants of the region and
of individuals who were mainly Spaniards) [23], and all of
these with at least 6 months or more without MTX or LEF.
In the case of patients with a familial history of RA, only
one case by family was included. Patients were excluded
if they had antecedents of or concomitant therapy with
biologic-DMARD; also, we excluded patients with chronic
infections including hepatitis B or C infections, human
immunodeficiency virus (HIV) infections, overlapping syn-
drome with other rheumatic diseases such as Systemic Lupus
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Erythematosus (SLE), or patients who had an increase of
transaminases of >2-fold of normal values, pulmonary fibro-
sis, serum creatinine > 1.2, or any other contraindications
for MTX or LEF or had a ≤3.2 DAS-28 score. A total of 177
patients were screened for the study; among these, 81 were
excluded due to the following reasons: two patients presented
a <3.2 DAS-28 score; there were 48 patients with previous
history of MTX or LEF suspended because of toxicity or
noncompliance, and 31 patients did not accept to be included
in the 6-month follow-up with the same drug.

At the time of inclusion in the study, all patients were
initiating MTX or LEF as therapy for disease control in RA
and hadmoderate or severe disease activity defined as a score
of >3.2, according to the validated modified Disease Activity
Score (DAS-28) index for 28 joints [24].

2.4. Baseline Evaluation

(a) Clinical Evaluation. All patients were interviewed to
assess clinical and sociodemographic characteristics. Patients
were evaluated regarding their functioning, using the val-
idated version for Mexicans of the Health Assessment
Questionnaire-Disability Index (HAQ-Di) [25]. Additionally,
DAS-28 was evaluated by trained evaluators and a history
of RA medication was obtained. Rheumatoid Factor (RF) in
IU/mL (Dade Behring, DE, USA) was quantified in serum by
nephelometry. Positive RF was considered >20 IU/mL. Ery-
throcyte Sedimentation Rate (ESR) was determined employ-
ing the Wintrobe technique.

(b) Determination of Serum IL-6 Levels.These were measured
with an Enzyme-Linked Immunosorbent Assay (ELISA)
utilizing commercial kits (R&D Systems, Minneapolis, MN,
USA). This kit has a detection range from 3.10 to 300 pg/mL,
and the Minimal Detectable Dose (MDD) of IL-6 is
<0.70 pg/mL.

(c) DNA Isolation and Genotyping. Genomic DNA was
obtained by the Miller method [26] from the patients’
peripheral blood that was collected in tubes containing
EDTA. Genotype was screened by an approach based on
Polymerase Chain Reaction-Restriction Fragment-Length
Polymorphism (PCR–RFLP), and SfaNI restriction endonu-
clease was used, as described elsewhere [27]. The resulting
fragments were analyzed by electrophoresis in a 6% polyacry-
lamide gel stained with silver nitrate.The resulting genotypes
for both polymorphisms were classified in one of the fol-
lowing three categories: nonexcisable homozygote genotype
(CC); excisable homozygote (GG), and heterozygote (CG).
All sample genotyping was carried out by three researchers
blinded to the clinical characteristics and evolution of the
patients included in the test, which included quality-control
samples with experimental samples for validation.

2.5. Follow-Up of the Cohort. All patients with RA initiating
MTX or LEF were evaluated by three researchers trained in
the clinical parameters of RA at the baseline and at 3 and 6
months. Differences in the DAS-28 index at 3 and 6 months
regarding baseline values were obtained. We classified all

patients according to therapeutic response, which was
defined according to treat-to-target guidelines, as patients
that have reached at least low disease activity or remission
of RA. Operatively, these patients in order to be classified as
responders have undergone the treatment DAS-28 ≤ 3.2.

2.6. Statistical Analysis. A comparison between these two
groups at baseline was performed using the unpaired Stu-
dent’s 𝑡-test in order to compare differences in means, and
chi-square test (or Fisher exact test) was utilized to compare
differences in proportions between groups. Relative Risks
(RR) for therapeutic response and their 95% Confidence
Intervals (95% CI) were obtained at 3 and 6 months.

Allele and genotype frequencies of both polymorphisms
were obtained by direct counting. Genotype and allele fre-
quencies were compared using the chi-square test (or the
Fisher exact test if required).We initially examine failure rates
for therapeutic response for each genotype of the -174G/C
IL-6 polymorphism separately at 3 or 6 months. Thereafter,
we performed the RR analysis in three forms as follows:
(a) rate of therapeutic failure in patients with GG genotype
divided by rate of therapeutic failure in patients with GC
and CC genotypes separately; (b) after that, analyzing the
risk of therapeutic failure in patients with GG genotype
versus rate of therapeutic failure in patients with GG or
GC genotypes (dominant model); and (c) finally, examining
RR for therapeutic failure employing the rate of failure to
therapy in patients with GG or GC genotype divided by rate
of therapeutic failure in patients with CC genotype (recessive
model) of the -174G/C polymorphism of the IL-6 gene. A
similar approach was utilized for a subanalysis of patients
treated with MTX or LEF separately. The 𝑝 value was set at
0.05 level. All of the statistical analyses were performed using
the software SPSS software 20.0 (SPSS Inc., Chicago, IL).

3. Results

Table 1 describes the baseline characteristics of 96 patients
included in the cohort. Mean age of these patients was 50.6
years and 97% were females. Patients had mean disease
duration of 7.6 years, a HAQ-Di score of 0.95, a DAS-28
of 5.6, the mean titles of RF of 83.2 IU/mL, and a mean
glucocorticoid dose of 2.0mg. The cs-DMARDs used by the
patients during the study were the following: 57.3% received
MTX and 42.7% received LEF. All patients were genotyped
for the presence of -174G/C IL-6 promoter polymorphisms,
and the following genotype frequencies were observed: GG
(56%), GC (32%), and CC (12%). Low rate of response
using the strict criteria of achieving low disease activity or
remission was achieved in the total group independently of
the drug: response rates were 14% at 3 months and 12.5% at
6 months. There was a rate of response of 12.7% at 3 and 6
months in patients receivingMTXandof 17%at 3months and
of 12% at 6 months. No statistical differences were observed
in the rate of responders between LEF and MTX at 3 or 6
months.

Comparison of the clinical and genetic characteristics
between patients with MTX versus LEF demonstrated a dif-
ference in disease duration (6.05 years,MTX, versus 9.2 years,



4 BioMed Research International

Table 1: Comparison of selected characteristics of patients receiving methotrexate (MTX) versus leflunomide (LEF).

MTX or LEF
𝑛 = 96

MTX
𝑛 = 55

LEF
𝑛 = 41

𝑝

Sociodemographic characteristics
Females, n (%) 93 (97) 53 (96) 40 (98) 1.00
Age (yr), mean ± standard deviation 50.6 ± 10.2 48.7 ± 7.2 52.8 ± 11.0 0.06
Disease characteristics
Disease duration (yr), mean ± SD 7.6 ± 7.5 6.05 ± 7.2 9.2 ± 7.6 0.05
HAQ-Di score at baseline, mean ± SD 0.95 ± 0.58 1.01 ± 0.60 0.88 ± 0.57 0.33
DAS-28 score at baseline, mean ± SD 5.6 ± 1.1 5.6 ± 1.1 5.5 ± 1.1 0.73
Rheumatoid Factor (RF) (IU/mL), mean ± SD 83.2 ± 127.4 77.4 ± 124.8 89.6 ± 132.0 0.70
Erythrocyte Sedimentation Rate (ESR) (mm/h), mean ± SD 27.1 ± 11.4 26.2 ± 12.7 28.08 ± 10.0 0.48
Interleukin-6 (IL-6) at baseline, (pg/mL) mean ± SD 19.6 ± 55.5 23.7 ± 68.7 12.9 ± 19.9 0.40
Glucocorticoid dose (mg), mean ± SD 2.0 ± 2.2 1.9 ± 1.4 2.05 ± 2.8 0.88
Patients achieving response
At 3 months, n (%) 14 (6.8) 7 (12.7) 7 (17.1) 0.38
At 6 months, n (%) 12 (8.0) 7 (12.7) 5 (12.2) 0.38
Genetic characteristics
Genotype GG, n (%) 54 (56) 33 (60) 21 (51)

0.58Genotype GC, n (%) 31 (32) 17 (31) 14 (34)
Genotype CC, n (%) 11 (12) 5 (9) 6 (15)
RA: rheumatoid arthritis; IL-6: interleukin-6; MTX: methotrexate; LEF: leflunomide; HAQ-Di: Health Assessment Questionnaire-Disability index; DAS-28:
modified Disease Activity Score (28 joints).
Qualitative variables were expressed in frequencies (%); quantitative variables were expressed in means ± standard deviations (SD). Comparisons between
differences in proportions were performed with the chi-square test (or Fisher exact test if applicable). Comparisons between differences in means were
performed with independent samples Student's t-tests. ∗𝑝 values were obtained comparing MTX versus LEF. Response was defined as the patient achieving,
at 3 or at 6 months, low disease activity or remission (DAS28, <3.2).

LEF; 𝑝 = 0.05). Other variables evaluated did not achieve
statistically significant differences. In data that are not shown
in tables the response rates for MTX were 12.7% at 3 months
and the same percentage at 6months, while those of LEFwere
17.1% at 3 months and 12.2% at 6 months.

In data not shown in the tables, we observed a significant
decrease in theDAS-28 index score employed as the quantita-
tive variable at 3 or 6months independently of treatment with
MTX or with LEF. At cohort onset, the DAS-28 index score
was 5.6 ± 1.1 and, on being evaluated at 3 months, decreased
to 4.56±1.12 (𝑝 < 0.001), with a similar decrease at 6months
with results of 4.49 ± 0.08 (𝑝 < 0.001). In a separate analysis,
patients with MTX obtained a DAS-28 score at baseline of
5.65 ± 1.10; at 3 months, this decreased to 4.68 ± 1.16 (𝑝 <
0.001) and at 6 months, to 4.44 ± 1.06 (𝑝 < 0.001). LEF
obtained for DAS-28 at baseline was 5.57 ± 1.13; at 3 months,
this decreased to 4.39 ± 1.05 (𝑝 < 0.001) and at 6 months, to
4.57 ± 1.12 (𝑝 < 0.001).

Table 2 compares sociodemographic and clinical char-
acteristics between patients who are GG genotype carriers
and patients with GC or CC genotype. GG genotype carriers
exhibited significantly higher RF levels (𝑝 = 0.009) and ESR
(𝑝 = 0.02) compared with GC or CC genotype. No other
variables achieved statistical significance, although there was
a nonsignificant trend to higher IL-6 levels in GG genotype
carriers.

Table 3 shows therapeutic failure in patients with RA
with MTX or LEF during follow-up at 3 or 6 months
according to the -174G/C IL-6 gene polymorphism. After 3
months of treatment, a higher percentage of GG genotype
was observed in nonresponders (87.0%) as well as at 6months
(92.6%); in the comparison between genotypes associated
with nonresponse at 6 months of follow-up, GG compared
withGC confers significantlymore risk for therapeutic failure
(RR = 1.19; 95% CI = 1.07–1.56; 𝑝 = 0.03). The remaining
comparisons of genotype or allele evaluated did not achieve
statistically significant differences.

In Table 4, the analysis shows the therapeutic failure
in patients with MTX during follow-up at 3 or 6 months
according to the -174G/C IL-6 gene polymorphism. The
number of patients carrying the GG genotype was slightly
increased in the group of nonresponders compared with
responders without statistical significance. After 3 months
of treatment, the GG genotype was observed in 90.9% of
nonresponders and at 6 months in 87.9% of the same group.
All the comparisons between rates of response according
to genotype or allele did not achieve statistically significant
differences.

Table 5 presents therapeutic failure in patients with RA
treated with LEF during follow-up at 3 or 6months according
to the -174G/C IL-6 gene polymorphism. There were no
statistical differences after 3 months of treatment; however, at
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Table 2: Comparison of clinical and laboratory characteristics at the baseline between GG genotype carriers andGC or CC genotype carriers.

GG
𝑛 = 54

GC or CC
𝑛 = 42

𝑝

Sociodemographic characteristics
Females, n (%) 51 (94.4) 42 (100) 0.25
Age (yr), mean ± SD 50.5 ± 9.7 50.7 ± 10.9 0.93
Disease characteristics
Disease duration (yr), mean ± SD 6.9 ± 7.4 8.5 ± 7.1 0.36
DAS-28 score, mean ± SD 5.6 ± 1.1 5.5 ± 1.04 0.87
HAQ-Di score, mean ± SD 0.95 ± 0.6 0.94 ± 0.51 0.98
Rheumatoid Factor (RF) (IU/mL), mean ± SD 108.6 ± 151.9 39.1 ± 39.7 0.009
Erythrocyte Sedimentation Rate (ESR) (mm/h), mean ± SD 29.5 ± 12.3 23.8 ± 9.3 0.02
IL-6 serum levels (pg/mL), mean ± SD 25.7 ± 68.0 8.5 ± 11.8 0.08
Treatment characteristics
Glucocorticoid dose (mg), mean ± SD 2.3 ± 2.7 1.5 ± 1.0 0.06
Methotrexate (MTX) n (%) 33 (61.1) 17 (55) 0.39
Leflunomide (LEF), n (%) 21 (39.0) 14 (45)
GG: excisable homozygote genotype; GC: heterozygote genotype; CC: homozygote genotype; RA: rheumatoid arthritis; HAQ-Di: Health Assessment
Questionnaire-Disability index; DAS-28: modified Disease Activity Score (28 joints); IL-6: interleukin-6 serum levels. Qualitative variables were expressed in
frequencies (%); quantitative variables were expressed in means ± standard deviations (SD). Comparisons between differences in proportions were performed
with chi-square test (or Fisher exact test if applicable). Comparisons between differences inmeans were performed using independent samples Student’s 𝑡-tests.

6 months, the GG genotype carriers had a higher risk of ther-
apeutic failure compared with GC genotype carriers (RR =
1.56; 95% CI = 1.05–2.30; 𝑝 = 0.003) and compared with
the CC genotype carriers (RR = 1.83; 95% CI = 1.07–3.14;
𝑝 = 0.001); in addition, dominantmodel GG versus GC+CC
increased the risk of nonresponse (RR = 1.33; 95% CI = 1.03–
1.72; 𝑝 = 0.02).

4. Discussion

In the overall analysis that included all patients entering
into the cohort independently and if they were treated with
MTX or LEF, we did not observe that the -174G/C IL-6 gene
polymorphism may confer higher risk for therapeutic failure
except in the GG genotype versus GC genotype carriers at 6
months. Nevertheless, when the rates of therapeutic failure
of these drugs are analyzed separately we observed that in
patients treated with LEF at 6 months of follow-up, GG
genotype confersmore risk for failure in therapeutic response
compared with patients carrying GC or CC genotypes; this
higher risk for failure to respond to LEF was also observed in
patients using the dominant model (GG versus GC or CC).
Instead, by analyzing only patients treated exclusively with
MTX, the -174G/C IL-6 gene polymorphism may not confer
differences in the rate of therapeutic failure at 3 or 6 months.

Our results reflect that the -174G/C IL-6 gene promoter
polymorphism has a low influence on the therapeutic failure
in patients treated with the two main cs-DMARDs employed
currently in RA. For patients treated with MTX, we observed
that GG genotype or G allele does not confer a clinically
relevant risk for development of therapeutic failure. These
results are in disagreement with the results obtained by
Pawlik et al., who described a lower remission rate in patients

with GG genotype when these patients are compared with
carriers of GC and CC genotype [28]. This discordance can
be explained by a series of potential confounders that were
not evaluated by Pawlik et al. in their study. First, it is
relevant that we included patients with moderate or severe
disease activity according to the DAS-28 index score instead
of only patients with any level of active disease. Patients with
moderate or severe disease activity have an expected lower
rate of achieving low disease activity or remission compared
with patients with lower scores of this index. Second, we
used a stricter definition for therapeutic response that is in
concordancewith the current concepts that show that amajor
target in the therapy of RA ismaintaining remission or at least
low disease activity.

Contrary to our observations of noninfluence of the
-174G/C IL-6 gene polymorphism in response to MTX,
we observed in patients treated with LEF that the IL-
6 -174G/C polymorphism may confer differences in the
therapeutic response to this drug. We observed that GG
genotype carriers had a significant higher risk for failure in
therapeutic response in patients treatedwith LEF at 6months.
These data are in disagreement with the results observed by
Pawlik et al., who did not observe an association of -174G/C
polymorphisms of the IL-6 gene with therapeutic outcomes
in their patients with RA treated with LEF [21]. The reasons
for these differences include that many possible confounders
can affect the risk of failure in therapeutic response, includ-
ing differences in the definition of therapeutic failure (we
described above that we used a stricter definition compared
with that used by Pawlik et al.), other variables such as
disease duration, functioning, or the baseline IL-6 levels
that were not evaluated. However, some other variables at
the baseline are comparable with the Pawlik cohort and
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Table 3: Evaluation of -174G/C IL-6 as predictor of therapeutic response to any treatment (MTX or LEF) defining nonresponse, as DAS-28
> 3.2 at 3 or 6 months in rheumatoid arthritis (RA).

Treatment with any treatment
MTX or LEF, 𝑛 = 96

Follow-up at 3 months
MTX and LEF
nonresponse
𝑛 = 82

MTX and LEF
response
𝑛 = 14

RR 95% CI 𝑝

Genotype
GG 𝑛 = 54 (%) 47 (87.0) 7 (13.0) — —

0.62GC 𝑛 = 31 (%) 25 (80.6) 6 (19.4) — —
CC 𝑛 = 11 (%) 10 (91) 1 (9) — —
GG versus GC (as referent) — — 1.08 0.88 to 1.32 0.20
GG versus CC (as referent) — — 0.96 0.77 to 1.18 0.39
GC versus CC (as referent) — — 0.88 0.73 to 1.14 0.40
Genetic models
Dominant model (GG versus
GC + CC as referent) — — 1.04 0.88 to 1.24 0.41

Recessive model (GG + GC
versus CC as referent) — — 0.93 0.76 to 1.16 0.49

Alleles 2n = 192 2n = 164 2n = 28
G allele, 2𝑛 = 139 (%) 119 (85.6) 20 (14.4) 1.00 0.88 to 1.15 0.44
C allele, 2𝑛 = 53 (%) 45 (84.9) 8 (15.1) Referent —

Follow-up at 6 months
MTX and LEF
nonresponse
𝑛 = 84

MTX and LEF
response
𝑛 = 12

RR 95% Cl 𝑝

Genotype
GG 𝑛 = 54 (%) 50 (92.6) 4 (7.4) — —

0.13GC 𝑛 = 31 (%) 24 (77.4) 7 (22.6) — —
CC 𝑛 = 11 (%) 10 (90.9) 1 (9.1) — —
GG versus GC (as referent) — — 1.19 1.07 to 1.56 0.03
GG versus CC (as referent) — — 1.01 0.81 to 1.24 0.61
GC versus CC (as referent) — — 0.85 0.65 to 1.11 0.31
Genetic models
Dominant model (GG versus
GC + CC as referent) — — 1.19 0.96 to 1.35 0.05

Recessive model (GG + GC
versus CC as referent) — — 0.93 0.78 to 1.17 0.58

Alleles 2n = 192 2n = 168 2n = 24
G allele, 𝑛 = 139 (%) 124 (89.2) 15 (10.8) 1.07 0.94 to 1.23 0.13
C allele, 𝑛 = 53 (%) 44 (83.0) 9 (17.0) Referent —
MTX: methotrexate; LEF: leflunomide; DAS-28: Disease Activity Score for 28 joints; GG: excisable homozygote genotype; GC: heterozygote genotype; CC:
homozygote genotype. Qualitative variables were expressed in frequency (%); RR: Relative Risk; 95% CI: 95% Confidence Interval. Therapeutic failure
(nonresponse) was defined if patients did not achieve remission or low disease activity (DAS-28 < 3.2).

our cohort with LEF [21]. Our patients had a mean age of
52.8 years, very similar to the mean age of 52.9 years in
Pawlik’s cohort [21]. Similarly, the baseline values for DAS-
28 were comparable with these two cohorts (DAS-28 of 5.5
in our group with LEF versus 5.3 in the patients included
by Pawlik et al.). Instead, our patients with LEF had long-
disease duration of RA of 9.2, whereas Pawlik et al. did not
present the disease duration of their patients [21]. This long-
disease duration may influence the low rate of therapeutic
response; instead, patients with short disease duration (early

RA) achieve higher rates of therapeutic response when they
are treated early with cs-DMARDs [29]. However, because
this was an observational study, these patients were treated
late with cs-DMARD; therefore, the rate of patients that we
expected to achieve low disease activity or remission is lower
than that expected by studies employing these drugs earlier.
In contrast with our data, Pawlik et al. also did not describe
other characteristics in addition to those of disease activity
that may contribute to therapeutic response to cs-DMARDs,
such as positivity for RF and impairment in functioning
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Table 4: Evaluation of -174G/C IL-6 as predictor of therapeutic response to methotrexate (MTX) defining nonresponse, as DAS-28 > 3.2 at
3 or 6 months in rheumatoid arthritis (RA).

Treatment with methotrexate
(MTX), 𝑛 = 55

Follow-up at 3 months
MTX

nonresponse
𝑛 = 48

MTX
response
𝑛 = 7

RR 95% CI 𝑝

Genotype
GG 𝑛 = 33 (%) 30 (90.9) 3 (9.1) — —

0.60GC 𝑛 = 17 (%) 14 (82.4) 3 (17.6) — —
CC 𝑛 = 5 (%) 4 (80) 1 (20) — —
GG versus GC (as referent) — — 1.10 0.86 to 1.41 0.32
GG versus CC (as referent) — — 1.13 0.72 to 1.78 0.44
GC versus CC (as referent) — — 1.02 0.63 to 1.68 0.67
Genetic models
Dominant model (GG versus
GC + CC as referent) — — 1.12 0.88 to 1.41 0.25

Recessive model (GG + GC
versus CC as referent) — — 1.10 0.70 to 1.72 0.50

Alleles 2n = 110 2n = 96 2n = 14
G allele, 2𝑛 = 83 (%) 74 (89.2) 9 (10.8) 1.09 0.90 to 1.33 0.20
C allele, 2𝑛 = 27 (%) 22 (81.5) 5 (18.5) Referent —

Follow-up at 6 months
MTX

nonresponse
𝑛 = 48

MTX
response
𝑛 = 7

RR 95% CI 𝑝

Genotype
GG 𝑛 = 33 (%) 29 (87.9) 4 (12.1) — —

0.87GC 𝑛 = 17 (%) 15 (88.2) 2 (11.8) — —
CC 𝑛 = 5 (%) 4 (80) 1 (20) — —
GG versus GC (as referent) — — 0.99 0.80 to 1.23 0.67
GG versus CC (as referent) — — 1.09 0.68 to 1.73 0.52
GC versus CC (as referent) — — 1.10 0.68 to 1.76 0.55
Genetic models
Dominant model (GG versus
GC + CC as referent) — — 1.01 0.82 to 1.25 0.58

Recessive model (GG + GC
versus CC as referent) — — 1.10 0.70 to 1.72 0.50

Alleles, 2n = 110 2n = 96 2n = 14
G allele, 2𝑛 = 83 (%) 73 (88.0) 10 (12.0) 1.03 0.86 to 1.23 0.35
C allele, 2𝑛 = 27 (%) 23 (85.2) 4 (14.8) Referent —
MTX: methotrexate; GG: excisable homozygote genotype; GC: heterozygote genotype; CC: homozygote genotype. Qualitative variables were expressed in
frequencies (%); RR: Relative Risk; 95% CI: 95% Confidence Interval. Therapeutic failure (nonresponse) was defined if patients did not achieve remission or
low disease activity (DAS-28 < 3.2).

assessed by the HAQ-Di [21].Therefore, it is likely that major
confounders may hide in Pawlik’s study on the influence of
the -174G/C IL-6 gene polymorphism on failure in thera-
peutic response. Additionally, at this time, the DAS-28 index
constitutes a standard for defining patients who achieve low
disease activity or remission; consequently, we used this index
to define strictly therapeutic failure and we choose not to use
ACR20 or ACR50 indices as in Pawlik’s study [21].

It is interesting that although patients treated with MTX
or LEF exhibited a significant decrease in mean DAS28 index

at 3 and 6 months with respect to baseline values, only a very
low proportion of patients achieved the therapeutic target
of maintaining low disease activity or remission. This is in
accordance with a number of studies pointing out that MTX
or LEF used as monotherapy may achieve a low proportion
of patients in remission [30, 31].

Patients carrying GG genotype demonstrate higher levels
of ESR and RF compared with patients with the GC or CC
genotype. A previous study reported that patients who were
carriers of the GG genotype had a significantly increased
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Table 5: Evaluation of -174G/C IL-6 as predictor of therapeutic response to leflunomide (LEF) defining nonresponse, as DAS-28 > 3.2 at 3 or
6 months in rheumatoid arthritis (RA).

Treatment with leflunomide
(LEF) 𝑛 = 41

Follow-up at 3 months
LEF

nonresponse
𝑛 = 34

LEF
response
𝑛 = 7

RR 95% CI 𝑝

Genotype
GG 𝑛 = 21 (%) 17 (81) 4 (19) — —

0.64GC 𝑛 = 14 (%) 11 (78.6) 3 (21.4) — —
CC 𝑛 = 6 (%) 6 (17.6) 0 (0) — —
GG versus GC (as referent) — — 1.03 0.73 to 1.45 0.43
GG versus CC (as referent) — — 0.81 0.66 to 0.99 0.17
GC versus CC (as referent) — — 0.78 0.60 to 1.03 0.16
Genetic models
Dominant model (GG versus
GC + CC as referent) — — 0.95 0.72 to 1.26 0.37

Recessive model (GG + GC
versus CC as referent) — — 0.80 0.68 to 0.94 0.15

Alleles, 2n = 82 2n = 68 2n = 14
G allele, 2𝑛 = 56 (%) 45 (80.4) 11 (19.6) 0.91 0.75 to 1.10 0.19
C allele, 2𝑛 = 26 (%) 23 (88.5) 3 (11.5) Referent —

Follow-up at 6 months
LEF

nonresponse
𝑛 = 36

LEF
response
𝑛 = 5

RR 95% CI 𝑝

Genotype
GG 𝑛 = 21 (%) 21 (100) 0 (0) — —

0.006GC 𝑛 = 14 (%) 9 (25) 5 (100) — —
CC 𝑛 = 6 (%) 6 (16.7) 0 (0) — —
GG versus GC (as referent) — — 1.56 1.05 to 2.30 0.003
GG versus CC (as referent) — — 1.83 1.07 to 3.14 0.001
GC versus CC (as referent) — — 0.64 0.43 to 0.95 0.06
Genetic models
Dominant model (GG versus
GC + CC as referent) — — 1.33 1.03 to 1.72 0.02

Recessive model (GG + GC
versus CC as referent) — — 0.86 0.75 to 0.98 0.43

Alleles, 2n = 82 2n = 72 2n = 10
G allele, 2𝑛 = 56 (%) 51 (91.1) 5 (8.9) 1.13 0.92 to 1.38 0.11
C allele, 2𝑛 = 26 (%) 21 (81.0) 5 (19.0) Referent —
LEF: leflunomide; GG: excisable homozygote genotype (𝑛 = 21); GC: heterozygote genotype (𝑛 = 14); CC: homozygote genotype (𝑛 = 6). Qualitative variables
were expressed in frequencies (%); quantitative variables were expressed as means ± standard deviations (SD). RR: Relative Risk; 95% CI: 95% Confidence
Intervals. Therapeutic failure (nonresponse) was defined if patients did not achieve remission or low disease activity (DAS-28 < 3.2).

ESR rate; these findings are consistent with our results [32];
however, our results on increased titres of RF are different
from those of other authors such as Pavkova Goldbergova,
who found that patientswhowere carriers of theGCgenotype
had higher levels of RF without significance [33], although
these findings are inconsistent with some studies suggesting
that theC allele of the -174 polymorphismof IL-6 is associated
with increased levels of IL-6 in general population [34, 35].

This finding was also observed in patients with RA [36],
whereas other authors have found that higher IL-6 levels
are observed in patients with GG genotype or G allele [16].
Similarly, in our study, we found a trend for higher levels of
IL-6 in patients with GG genotype compared with genotype
GC or CC, because some of the patients included in our study
had been previously treated prior to study entrywith other cs-
DMARDs such as sulfasalazine, chloroquine, or azathioprine,
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although these patients suspended these cs-DMARDs at least
3 month before the study entry. Nevertheless, a possible
delayed effect of the previous cs-DMARDs contributing to
a decrement in serum IL-6 levels in these patients with RA
cannot be completely excluded [37]. Therefore, these results
about the lack of statistically significant relationship between
GG genotype and IL-6 serum levels should be interpreted
with caution and studies with patients näıve to cs-DMARDs
should be made in the future.

There are several limitations in the present study. First,
we were only able to assess the short-time response to these
two cs-DMARDs in terms of disease activity at 3 and 6
months; however, we were unable to evaluate the influence
of the -174G/C polymorphism of the IL-6 gene on other
relevant responses different fromdisease activity that develop
in the long term and are also determinant of the prognosis,
such as radiographic damage or permanent work disability.
However, in order to evaluate the therapeutic response to cs-
DMARD, themajority of guidelines recommend reevaluating
in the short term the therapeutic response in order to adjust
dosage or modifications in the therapeutic scheme. Under
this concept, the results of our study are useful to describe
the utility of -174G/C IL-6 gene polymorphism to determine
a subgroup of higher risk for failure in therapeutic response
in patients with LEF.

We also have some strengthens in our study: we analyzed,
in the same study, patients treated with LEF or MTX as
monotherapy, and this aspect gave the opportunity to make
comparisons between response to both drugs differently
from the studies performed by Pawlik et al., who examined
these groups separately [20, 21]. This strategy allowed the
comparison of patients being treated with either of these two
DMARDs as well as the examination of the risk that the -
174G/C polymorphism of IL-6may confer therapeutic failure
in each synthetic DMARD separately. The second and most
important strength of this study is that we used a stricter
definition for failure of the therapy that is according to the
current concepts and goals of treatment in RA.

5. Conclusion

In conclusion we did not observe that the -174G/C IL-6
gene promoter polymorphism conferred a significant risk for
failure on MTX, whereas a significant risk for failure on LEF
was observed after 6months of treatment in patients carrying
the GG. Future studies should evaluate whether the -174G/C
IL-6 gene promoter polymorphism can be associated with
the long-term prognosis of other relevant outcomemeasures,
such as radiographic structural damage and permanent
disability in these patients. Therefore, further multicenter
studies evaluating the impact of this polymorphism in a large
cohort of patients with RA are required.
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Background. Urate crystals-induced inflammation is a critical factor during the initiation of gouty arthritis. Berberine is well
known for its anti-inflammatory activity. However, the underlying effects of berberine on monosodium urate crystals-induced
inflammation remain obscure. Objectives. This study is set to explore the protective effect and mechanism of berberine on
monosodium urate crystals-induced inflammation in human monocytic THP-1 cells. Methods. The mRNA levels of NLRP3 and
IL-1𝛽 were measured by Real-Time PCR, and the protein levels of NLRP3 and IL-1𝛽 were determined by ELISA, Western blot, and
immunofluorescence. Results.The NLRP3 and IL-1𝛽 expressions were significantly increased in model group compared to that in
normal group (𝑃 < 0.05). Meanwhile, there was significant reduction in the expressions of NLRP3 and IL-1𝛽 mRNA in groups
6.25 𝜇Mberberine and 25 𝜇Mberberine when compared with model group (𝑃 < 0.05). Conclusions.Therefore, berberine alleviates
monosodium urate crystals-induced inflammation by downregulating NLRP3 and IL-1𝛽 expressions. The regulatory effects of
berberine may be related to the inactivation of NLRP3 inflammasome.

1. Introduction

Gout is characterized by hyperuricemia and triggered by
the deposition of monosodium urate (MSU) crystals. The
distribution of gout is imbalanced across the world, with
prevalence being highest in Pacific countries. Developed
countries incline to have a higher load of gout than devel-
oping countries and seem to have growing prevalence and
incidence of gout [1]. The prevalence of both gout and hype-
ruricemia remains substantial, which is likely associated with
increasing frequencies of adiposity and hypertension [2].

Gouty arthritis has self-resolution, with resolution within
several days or 1-2 weeks. However, the pain is commonly
unbearable. Urate-lowering therapies play a minor role in
painful episodes.The IL-1𝛽 plays a key role in the acute gouty
inflammation triggered by MSU crystals [3, 4]. Recent study

showed that MSU crystals involved the activation of NALP3
inflammasome, bringing about the production of IL-1𝛽 [5].
Meanwhile, IL-1 inhibitors (rilonacept or anakinra) have been
applied in patients with acute gouty arthritis [6, 7]. However,
the relatively highmedical care costs of IL-1 inhibitors restrict
the application of these drugs in the developing countries.

Plant-based medicines are widely applied in treating gout
and its complications in a number of hospitals in China.
Among effective prescriptions, Simiao pill, which is derived
from Ermiao powder and described in a famous traditional
Chinese medicine monograph Chengfang Biandu in Qing
Dynasty of China, has been wildly employed for treatment
of gout and inflammatory arthritis [8]. Our previous study
also demonstrated that modified Simiao decoction signif-
icantly decreased IL-1𝛽 release in THP-1 cells with MSU
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crystals-induced inflammation [9]. The ingredients of mod-
ified Simiao decoction are complicated, including alkaloids,
flavones, and organic acids. Yin and colleagues have screened
the active compounds of modified Simiao decoction with
antigout effects [10, 11]. However, the specific ingredients and
mechanisms of modified Simiao decoction functioning as
antigout effects are still unknown.

Cortex phellodendri, referred to as “ruler drug,” plays a
pivotal role in modified Simiao decoction. Berberine, the
major component of cortex phellodendri, is able to lessen
the expression of IL-1𝛽 in monocytes and macrophages [12,
13]. Based on the anti-inflammatory action of berberine, the
study is to investigate the effects of berberine on NLRP3 and
IL-1𝛽 in THP-1 cells with MSU crystals-induced inflamma-
tion on the basis of our previous research and to provide
evidence for its application in gouty arthritis.

2. Materials and Methods

2.1. Reagents. Human IL-1𝛽 enzyme-linked immunosorb-
ent assay (ELISA) kits were purchased from Beijing Neo-
Bioscience Technology Co. Ltd., China. The RNAiso Plus
(Code: D9108B), PrimeScript RT reagent Kit Perfect Real
Time (Code: DRR036S), and SYBR Premix Ex Taq (Code:
DRR420A) were purchased from TaKaRa Biotechnology
Co. Ltd., Dalian, China. Fetal bovine serum was purchased
from Sijiqing Biological Engineering Materials Co. Ltd.
(Hangzhou, China). Berberine was obtained as a gift of
Department of Integrated Traditional Chinese and Western
Medicine (Tongji hospital, Huazhong University of Science
and Technology). Tissue protein extraction kit, bicinchon-
inic acid (BCA) protein assay kit, and protease inhibitor
cocktail were purchased from Wuhan Gugeshengwu Tech-
nology Co. Ltd. China. Rabbit polyclonal to IL-1𝛽 (Lot#:
AP8531c), and Nlrp3 (Lot#: AP8564a) were purchased from
Abgent Inc., USA. Rabbit anti-rat 𝛽-actin polyclonal anti-
body (Cat#: GB13001) was purchased from Wuhan Gugesh-
engwu Technology Co. Ltd., China. Fluorescent secondary
antibody (Lot#: C30815-02) was obtained as a gift of Li-
COR Inc., USA. FITC-labeled goat anti-rabbit secondary
antibody and diamidino-phenylindole (DAPI) were pur-
chased from Feiyi Technology Co. Ltd., Wuhan, and Boster
Company, Wuhan, respectively. Uric acid sodium salt (prod-
uct number: U2875) and phorbol 12-myristate 13-acetate
(PMA) (product number: 79346) were ordered from Sigma-
Aldrich Co., St. Louis, USA.

2.2. Main Devices. The devices used include Mastercycler
gradient PCR apparatus (Eppendorf Company, Germany);
Nikon microimaging system (TE2000-U, Tokyo, Japan); Ap-
plied Biosystems StepOne Real-Time PCR System (Applied
Biosystems, California, USA); microplate reader (BioTek
Synergy2, Vermont, USA); inverted microscope (CKX-31,
Olympus Corporation, Tokyo, Japan); CO2 incubator (New
Brunswick Scientific Co. Inc., New Jersey, USA); Odyssey in-
frared imaging system (Li-COR Inc., USA); Nano Drop

Table 1: Primer sequence.

Gene Primer Sequence

𝛽-actin Forward 5-TGGCACCCAGCACAATGAA-3

Reverse 5-CTAAGTCATAGTCCGCCTAGAAGCA-3

IL-1𝛽 Forward 5-GCTGATGGCCCTAAACAGATGAA-3

Reverse 5-TCCATGGCCACAACAACTGAC-3

TNF-𝛼 Forward 5-TGCTTGTTCCTCAGCCTCTT-3

Reverse 5-CAGAGGGCTGATTAGAGAGAGGT-3

NLRP3 Forward 5-GTCATCGGGTGGAGTCACTGTC-3

Reverse 5-AAGTGAGGTGGCTGTTCACCAA-3

NLRP3: domain present in neuronal apoptosis inhibitor protein major
histocompatibility complex class II transactivator, leucine rich repeat, and
pyrin domains-containing protein 3.

2000 Spectrophotometer (Thermo Scientific Inc., Beijing,
China).

2.3. Cell Culture. Monocytic THP-1 cells, human monocyte
line, obtained as a gift of Department of Immunology (Tongji
Medical College, Huazhong University of Science and Tech-
nology), were grown in RPMI-1640 medium supplemented
with 10% heat-inactivated fetal bovine serum at 37∘C and
5% CO2. THP-1 cells were plated at the density of 1.0–1.5
× 106/mL in 6-well plates. THP-1 cells were stimulated for
3 h with 100 ng/mL PMA the day before stimulation. This
treatment enhanced the phagocytic properties of the cells
and prompted a constitutive production of pro-IL-1𝛽 [14].
THP-1 cells were stimulated with 100 𝜇g/mL MSU in the
presence or absence of berberine.The preparedMSU solution
should be kept at 4∘C about one week before forming MSU
crystals. THP-1 cells were randomized into normal group
(N), model group (M), and berberine group (Ber) of different
concentrations.

2.4. Real-Time PCR for IL-1𝛽 and NLRP3 mRNA Expressions.
Total RNA was extracted from THP-1 cells with TRIzol
reagent in accordance with the manufacturer’s instructions.
RNA concentration and purity were assessed by Nano Drop
2000 Spectrophotometer. One 𝜇g of extracted total RNA
was reverse transcribed with PrimeScript RT reagent Kit
according to the manufacturer’s instructions. The cDNA
was stored at −20∘C prior to PCR amplification. Real-Time
PCR reactions were performed in 48-well optical PCR plates
by employing an Applied Biosystems StepOne Real-Time
PCR System in accordance with the manufacturer’s instruc-
tions. 2−ΔΔCT method was applied for analyzing the data.
The primers were designed in accordance with published
sequences (Table 1).

2.5. ELISA for IL-1𝛽 Protein Expression in Supernatants. The
production of IL-1𝛽 was detected by quantitative sandwich
enzyme immunoassay technique according to the manufac-
turer’s standard protocols. The sensitivity of the ELISA kits
of IL-1𝛽 was 4 pg/mL. None of the samples examined had a
cytokine level >1000 pg/mL. The interassay and intra-assay
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coefficients of variation of the ELISA kits for IL-1𝛽 were less
than 10%.

2.6. Western Blot for NLRP3 and IL-1𝛽 Protein Measurement.
Total protein was extracted from THP-1 cells which were
lysed in mammal tissue protein extraction reagent supple-
mented with protease inhibitor cocktail and then centrifuged
at 12000×g for 10min at 4∘C. The BCA protein assay kit
was applied to quantify the protein concentration of the
supernatants. The total protein (𝜇g) was mixed with sample
buffer, boiled for 10min, and ran on a 12% or 10% SDS-
PAGE gel. Separated proteins on the gel were transferred to
polyvinylidene fluoride membranes. The membranes were
blocked with 5% non-fat-dry milk for 1 h at room tem-
perature and incubated overnight at 4∘C with antibodies
to 𝛽-actin, NLRP3, and IL-1𝛽 diluted 1 : 500, 1 : 150, and
1 : 100, respectively. The membranes were incubated in a
lucifugous state with the fluorescent secondary antibody to
rabbit diluted 1 : 5000 at room temperature for 1 h. Then,
the membranes were detected by near infrared double-
color laser imaging system. The pictures were analyzed with
Odyssey software to calculate the gray scale ratio of 𝛽-
actin.

2.7. Immunofluorescence for NLRP3. THP-1 cells were fixed
on the coverslips. The samples were fixed with 4% parafor-
maldehyde in phosphate buffer saline (PBS) for 15min at
room temperature. The cells were washed three times with
ice cold PBS.The samples were incubated for 15minwith PBS
containing 0.1% Triton X-100. Cells were washed in PBS three
times for 5min. Cells were incubated with 10% goat serum
for 20min at room temperature to block unspecific binding
of the antibodies. Cells were incubated in the diluted NLRP3
antibody (1 : 100) in a humidified chamber overnight at 4∘C.
The solution was decanted and the cells were washed three
times in PBS, 5min each wash. Cells were incubated with the
diluted FITC-labeled secondary antibody (1 : 50) for 45min
at room temperature in the dark. The secondary antibody
solution was decanted and the cells were washed three times
with PBS in the dark, 5min each wash. Cells were incubated
with DAPI (DNA stain) for 3min at room temperature in
the dark. Coverslips were mounted with a drop of neutral
balsam.

2.8. Statistical Analysis. All data with a normal distribution
were presented as mean ± standard deviation (SD) and
analyzed with aid of SPSS17.0 Statistical Software. Statistical
significance was determined by one-way analysis of variance
(ANOVA). For data with equal variances assumed, ANOVA
followed by LSD test was applied. For data with equal
variances not assumed, ANOVA followed by Dunnett’s T3
test was used. A probability of less than 0.05 was considered
to be statistically significant.

3. Results

3.1. Outcome of ELISA. Compared with group N, the IL-1𝛽
level was significantly elevated in group M (𝑃 < 0.05). The
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Figure 1: Expression of IL-1𝛽 in THP-1 cells. Values are mean ±
SD. N: normal group; M: model group; 3.125 𝜇M Ber, 6.25 𝜇M Ber,
12.5 𝜇M Ber, and 25𝜇M Ber: berberine group (Ber) of different
concentrations. #

𝑃 < 0.05 compared with group N; ∗𝑃 < 0.05
compared with group M.

IL-1𝛽 expression was significantly lowered in group 3.125 𝜇M
Ber compared to that in group M (𝑃 < 0.05) (Figure 1).
However, other concentrations of Ber did not lower the
expression of IL-1𝛽 (𝑃 > 0.05).

3.2. Expression of IL-1𝛽 and NLRP3 mRNA in Lysates of THP-
1 Cells. As shown in Figure 2(a), IL-1𝛽mRNA expression was
significantly higher in group M compared to that in group N
(𝑃 < 0.05). Compared with group M, there was a significant
reduction in the expression of IL-1𝛽 in groups 6.25 𝜇M Ber
and 25 𝜇M Ber. However, there was no significant reduction
in the expression of IL-1𝛽mRNA in groups 3.125 𝜇MBer and
12.5 𝜇M Ber (𝑃 > 0.05).

As shown in Figure 2(b), NLRP3 mRNA expression was
significantly higher in group M compared to that in group
N (𝑃 < 0.05). Meanwhile, there was significant reduction
in the expression of NLRP3 mRNA in groups 6.25 𝜇M Ber
and 25 𝜇M Ber when compared with group M (𝑃 < 0.05).
However, there was no significant reduction in the expres-
sion of NLRP3 mRNA in groups 3.125 𝜇M Ber and 12.5 𝜇M
Ber (𝑃 > 0.05).

3.3. Outcome of Western Blot. Compared with group N, the
IL-1𝛽 expression was decreased in group M; however, there
was no significant difference between the two groups (𝑃 >
0.05). Compared with group M, the IL-1𝛽 expression was
increased in groups 3.125 𝜇M Ber and 12.5 𝜇M Ber; however,
there was no significant difference between the three groups
(𝑃 > 0.05) (Figures 3(a) and 3(b)).

Compared with group N, the NLRP3 expression was
nonsignificant alteration (𝑃 > 0.05). Compared with group
M, theNLRP3 expressionwas blunted in groups 3.125 𝜇MBer
and 25 𝜇M Ber; however, there was no significant difference
between the three groups (𝑃 > 0.05) (Figures 3(a) and 3(c)).
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Figure 2: (a) Expression of IL-1𝛽mRNA in THP-1 cells. (b) Expression of NLRP3 mRNA in THP-1 cells. Values are mean ± SD. N: normal
group; M: model group; 3.125 𝜇M Ber, 6.25 𝜇M Ber, 12.5 𝜇M Ber, and 25𝜇M Ber: berberine group (Ber) of different concentrations. NLRP3:
domain present in neuronal apoptosis inhibitor protein major histocompatibility complex class II transactivator, leucine rich repeat, and
pyrin domains-containing protein 3. #𝑃 < 0.05 compared with group N; ∗𝑃 < 0.05 compared with group M.
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Figure 3: Outcome of Western blot (𝑛 = 4). (a) The representative bands of Western blot, (b) optical density of IL-1𝛽, and (c) optical density
of NLRP3. Values are mean ± SD. N: normal group;M:model group; 3.125 𝜇MBer, 6.25 𝜇MBer, 12.5 𝜇MBer, and 25 𝜇MBer: berberine group
(Ber) of different concentrations. NLRP3: domain present in neuronal apoptosis inhibitor protein major histocompatibility complex class II
transactivator, leucine rich repeat, and pyrin domains-containing protein 3.
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Figure 4: Immunofluorescence for NLRP3. N: normal group; M: model group; 3.125 𝜇M Ber, 6.25 𝜇M Ber, 12.5 𝜇M Ber, and 25 𝜇M Ber:
berberine group (Ber) of different concentrations. NLRP3: domain present in neuronal apoptosis inhibitor protein major histocompatibility
complex class II transactivator, leucine rich repeat, and pyrin domains-containing protein 3. The protein expression of NLRP3 was mainly
located in the cytoplasm (green). The nuclei were stained with blue by DAPI.

3.4. Immunofluorescence for NLRP3. NLRP3 was localized in
the cytoplasm of THP-1 cells, stained with green. The nuclei
were stained with blue by DAPI. The expression of NLRP3 in
THP-1 cells was increased in group M compared to that in
group N. Compared with group M, there was an decrease in
the expression of NLRP3 in groups 6.25𝜇M Ber and 25 𝜇M
Ber (Figure 4).

4. Discussion

Traditional Chinese medicine is based on cumulative empir-
ical experience of previous practitioners. A systematic review
validated that Chinese herbal decoctions had similar clinical
efficacy for the treatment of gout, but the Chinese herbal
decoctions were superior to Western medicine in regard to
attenuating adverse drug reactions [15]. Previous evidences
from clinical practice and experimental studies confirmed
that modified Simiao decoction had the potential to treat
hyperuricemia and gouty arthritis [14, 16, 17]. Ultrafiltration
liquid chromatography combined with high-speed counter-
current chromatography screened and isolated 𝛼-glucosidase
and xanthine oxidase inhibitors from Cortex phellodendri for
the prevention and treatment of gout [18]. However, previous
studies focused on hypouricemic effects of modified Simiao
decoction. To our knowledge, gouty arthritis could attack
patients with a serum uric acid concentration in the normal
range.

Therefore, it is necessary to inhibit the cytokines release
in acute phase of gouty arthritis. Ankle joint urate arthritis
provided a useful tool for the evaluation of anti-inflammatory
and antigout agents [19, 20]. However, MSU crystals-induced

inflammationmodel inmonocytes was rarely reported [5]. In
our previous study, the MSU crystals-induced inflammation
model in THP-1 cells was successfully established by the
stimulation of PMA and MSU [9].

Innate immunity provides the first line of defense against
pathogen-associated molecular patterns (PAMPs) and dam-
age associated molecular patterns (DAMPs) via primitive
responses that are nonspecific and broad in spectrum. MSU
crystalsmay act as PAMPorDAMPand are recognized by the
pattern recognition receptors of the innate immune system.
Unlike adaptive immunity, innate immune responses do not
directly generate immunologic memory or lasting protective
immunity, in line with the nature of recurrent acute gouty
attack [21]. NLRP3 inflammasome plays an important role in
MSU crystals-induced innate immune responses.

NLRP3 inflammasome is composed of leucine rich
repeat- (LRR-) containing Nlrp3, an adaptor protein such as
apoptosis-associated speck-like protein containing a caspase
activation and recruitment domain (ASC) and an effector
caspase-1 which activates proinflammatory cytokines. Intra-
cellular MSU crystals are recognized by NLRP3 inflamma-
some, giving rise to oligomerization ofNLRP3 and cleavage of
procaspase-1 to caspase-1. Further, caspase-1 cleaves inactive
pro-IL-1𝛽 to produce active IL-1𝛽 [22] (Figure 5).

Our results were consistent with Liu et al. in terms of
berberine in reducing IL-1𝛽 release with lipopolysaccharide-
induced inflammation [12]. Unlike the dose-effect relation-
ship of Liu et al., high dose of berberine was unable to
diminish the IL-1𝛽 expression. The difference may result
from berberine purity and diverse inflammation models.
In accordance with the outcome of ELISA, there was a
significant increase in the expression of IL-1𝛽 mRNA in
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Figure 5: NLRP3 and IL-1𝛽 signalling in gout. Intracellular
monosodium urate crystals are recognized by NLRP3 inflam-
masome, leading to oligomerization of NLRP3 and cleavage of
procaspase-1 to caspase-1. Further, caspase-1 cleaves inactive pro-
IL-1𝛽 to produce active IL-1𝛽. NLRP3, domain present in neu-
ronal apoptosis inhibitor protein major histocompatibility complex
class II transactivator, leucine rich repeat, and pyrin domains-
containing protein 3; TLR, Toll-like receptor; ASC, apoptosis-
associated speck-like protein containing a caspase-recruitment
domain [CARD]; NLR, NOD-like receptor; PYD, pyrin domain;
LRR, leucine rich repeat; NACHT, domain present in neuronal
apoptosis inhibitor protein major histocompatibility complex class
II transactivator; NF-𝜅B, nuclear factor-𝜅B.

group M when compared with group N. However, different
concentrations of berberine had different effects on transcrip-
tion and translation level of IL-1𝛽mRNA. Posttranscriptional
processing and degradation and posttranslational processing
and modification may contribute to the discrepancies.

With regard to the expression of NLRP3mRNA, our find-
ings were consistent with Dang et al. who found that mRNA
expression of NLRP3-2, NLRP3-3, and NLRP3-4 increased
significantly in the patients with acute gouty arthritis and
nonacute gouty arthritis comparedwith healthy controls [23].
However, Yang et al. showed that the expression of NLRP3
mRNA was significantly lower in patients with acute gouty
arthritis compared with healthy controls [24].The differences
may result from different models in vivo and in vitro.

IL-1𝛽 is a secretive protein, andhenceWestern blot via cell
lysates may determine the pro-IL-1𝛽. Our results showed that
different concentrations of berberine had no effects on IL-1𝛽,
which was different from the result of ELISA.The differences
may result from determination of inactive or active IL-1𝛽.

The outcomes of Western blot showed that different
concentrations of berberine had no effects on NLRP3 expres-
sion, which was different from the result of Real-Time PCR.
Semiquantitative method of Western blot, processing, and
modification of transcription and translation may result in
the divergences. NLRP3 was localized in the cytoplasm of
THP-1 cells from immunofluorescence.The result of immun-
ofluorescence was consistent with NLRP3 mRNA in terms of
lowering the expression of NLRP3.

The different concentrations of berberine may regulate
the expressions of mRNA and protein of NLRP3 and IL-1𝛽
through NLRP3 inflammasome and downstream signalling
molecules, resulting in attenuating theMSU crystals-induced
inflammation.

5. Conclusions

Berberine may influence the NLRP3 inflammasome which is
involved inMSU crystals-induced innate immune responses,
attenuate the expression of NLRP3, further inhibit down-
stream signalling molecular IL-1𝛽, and eventually play a role
in treatment of gouty arthritis.The effects andmechanisms of
berberine on NLRP3 inflammasome related LRR, ASC, and
caspase-1 need to be further validated.
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Family aggregation was observed among systemic lupus erythematosus (SLE) cases, suggesting the genetic factor may contribute
to the susceptibility. Toll-like receptors (TLR) play key role in human immune system; in order to gain better insight on the
association between TLR4 polymorphisms and SLE risk, a meta-analysis was conducted. In total 4 case-control studies have been
included, involving 503 SLE cases and 636 healthy controls. The association between TLR4 polymorphisms and SLE risk was
evaluated by calculating pooled odd ratio (OR) and its 95% confidential interval (CI). The 𝑄-test and 𝐼2 statistic were used to
estimate the degree of heterogeneity. Publication bias among enrolled studies was examined by using Egger’s test and Begg’s test.
Overall, there was no evidence of positive association between SLE risk and D299G and T399I polymorphisms in TLR4.Themeta-
analysis reported a null association between TLR4 polymorphisms and SLE risk in included study populations, but the role of
TLR4 polymorphisms in developing SLE among other populations remains undetermined. Moreover, some laboratory studies still
discovered the involvement of TLR4 in SLE process.Therefore, the association between TLR4 polymorphisms and SLE risk requires
further investigation both in laboratory and in epidemiological efforts.

1. Introduction

Systemic lupus erythematosus is an autoimmune disease
that causes a chronic inflammatory condition for life-long
time, and the inflammation triggered by SLE can affect
multiple organs in human body, including joints, skin, lung,
kidneys, and blood vessels. Particularly the impairment of
kidneys may lead to lupus nephritis and possibly develop
to acute or end-stage renal failure. Although some of SLE
complications could be fatal, the development and appli-
cation of immunosuppressive drugs aiming to control the
autoimmune process helped to improve the prognosis of
SLE cases; approximately 80–90% of SLE cases can expect
to have a normal life expectancy [1]. However, due to the
wide spectrumof clinicalmanifestation SLE caused, it may be

very difficult for diagnosis unless with professional opinion of
rheumatologist. Therefore, the early diagnosis of SLE would
be critical to improve the prognosis and life quality of SLE
cases. Besides, SLE has a unique pattern of incidence, it is
more common in female population than male counterparts,
and the gender ratio ranges from 4 to 12 : 1. The SLE could
occur in all ages, but the incidence peak appears in childbear-
ing years, according to statistics [2].With years of endeavor in
surveillance programs and SLE registry, the prevalence of SLE
in some states of United States has been well documented.
According to the data released by the Michigan Lupus
Epidemiology and Surveillance Program, the incidence by
American College of Rheumatology (ACR) definition among
black female was the highest when comparing with other
races, reaching 12.8 per 100,000 (95% CI: 11.1–14.8), and the

Hindawi Publishing Corporation
BioMed Research International
Volume 2016, Article ID 7842587, 7 pages
http://dx.doi.org/10.1155/2016/7842587

http://dx.doi.org/10.1155/2016/7842587


2 BioMed Research International

incidence of white female was approximately half of the
corresponding indicator of black female; to bemore accurate,
the figure was 6.3 (95% CI: 5.3–7.5) [3]. Consistent with the
previous findings, the data reflects that race would affect the
incidence and prevalence of SLE, and the prevalence of SLE
is higher among African descendants, Asians, and Hispanic
descendants, when comparing with white population. The
family history of SLE has also been recognized as the risk
factor of developing SLE; an epidemiological study conducted
among 265 SLE cases and 355 healthy controls demonstrated
that family history of SLE would confer an elevated risk with
an OR of 3.3 (95% CI: 1.2–8.6) [4].

Although many studies have been done to investigate the
risk factors of SLE, the cause of SLE has not yet been fully
understood so far. Based on the family aggregation observed,
it can be assumed that genetic factor plays a critical role in
developing SLE. No single causal gene has been identified
so far, but several genes have been proved to influence
individual’s chance of developing SLE. A study conducted in
Caucasian population demonstrated that the human leuko-
cyte antigen classes I, II, and III are associated with SLE risk
[5]. Similar with HLA regions, toll-like receptors are a class
of proteins that play a fundamental role in the early innate
immune response to pathogens by sensing microorganism
and are involved in detecting endogenous danger signals.
The animal experiment showed that, among the mice with
TLR2 and TLR4 deficiency, the immunological alteration and
autoantibody production have been significantly suppressed,
suggesting the TLR4 is involved with the autoimmune
process [6]. Therefore, the polymorphisms in TLR4 could
possibly affect the SLE risk among population; however, there
is no conclusion reached in the association between TLR4
polymorphisms and SLE risk. In order to analyze the impact
of TLR4 polymorphisms and gain comprehensive insight on
this issue, we conducted a meta-analysis.

2. Material and Methods

We performed the meta-analysis in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [7].

2.1. Identification and Eligibility of Relevant Studies. Litera-
ture search was independently conducted by two investiga-
tors for genetic studies on TLR4 in PUBMED. All relevant
studies reported up to January 2015 and following key words
were searched: “systemic lupus erythematosus,” or “SLE”,
“polymorphism” or “SNP”, “toll-like receptor 4,” or “TLR4”.
The search was performed in February 2016 and no date and
language limits were applied. In order to further expand the
dataset, we also reviewed the reference lists of all retrieved
studies to identify eligible studies.

2.2. Inclusion and Exclusion Criteria. The eligibility of study
was defined as follows: (1) case-control study design; (2)
investigating the association between TLR4 polymorphisms
and the risk of developing SLE; (3) genotype distribution of
TLR4 polymorphisms in both cases and controls available;

reviews, cases reports, editorial comment, communications,
and reports without sufficient data were excluded in our
meta-analysis.

2.3. Data Extraction and Quality Assessment. The following
information was extracted from each eligible study: name of
first author, year of publication, ethnicity of study partici-
pants, number of cases and controls, the frequency of TLR4
genotypes in SLE cases and controls, and Hardy-Weinberg
equilibrium (HWE) test results in controls. In order to assess
the quality of enrolled studies, we rated the methodological
quality of each included study by using the Newcastle-
Ottawa quality assessment scale. This scale contains 9 items
in total (1 point for each) in three parts: selection (4 items),
comparability (2 items), and exposure (3 items).

2.4. Statistical Analysis. Statistical analysis was performed
by using STATA version 12 (StataCorp, College Station, TX,
USA). Chi-squared test was employed to determine theHWE
of controls if the 𝑃 value of HWE was not provided in the
original study. A 𝑃 value less than 0.05 was considered as
the deviation of HWE. The association between TLR4 poly-
morphisms and SLE risk was evaluated by calculating pooled
odd ratio and its 95% confidential interval and forest plot
was created to demonstrate the overall effect. With respect to
heterogeneity, the𝑄-test and 𝐼2 statistic were used to estimate
the degree of heterogeneity among the enrolled studies. In
the absence of heterogeneity, fixed-effects model was applied
to estimate the pooled OR and 95% CI. Otherwise, random-
effect model was used to yield more conservative overall
effects. Moreover, publication bias among enrolled studies
was examined by using Egger’s test and Begg’s test, where a 𝑃
value of less than 0.10 was considered statistically significant.

3. Results

3.1. Characteristics of Enrolled Studies. As shown in Figure 1, a
detailed flow diagram demonstrated the process of inclusion
and exclusion in this meta-analysis. Based on our search
strategy, a total of 45 studies were identified in the initial
search.After studying the abstracts, 39 publications have been
removed. After reviewing the full text of the remaining 6
studies, 2 publications have been excluded due to the absence
of genotype distribution data. Finally, a total of 4 studies
were included in our meta-analysis [8–11], involving 503 SLE
cases and 636 healthy controls.The characteristics of enrolled
studies were demonstrated in Table 1. Of 4 studies enrolled,
2 were conducted in Caucasian population, 1 in Arabian,
and 1 in Indian. The genotype distribution of both D299G
and T399I polymorphisms agreed on HWE in control group
in every study. The average of quality score evaluated by
Newcastle-Ottawa scale was 7.2 combined with all enrolled
studies together, while a score greater than 5 was considered
appropriate to be included in meta-analysis.

3.2. Meta-Analysis of TLR4 Polymorphisms and SLE Risk.
The main outcomes of this meta-analysis were presented in
Table 3 and the genotype distribution in cases and controls
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Table 1: Characteristics of enrolled studies in the meta-analysis on the association between TLR4 polymorphisms and SLE risk.

Author and year Ethnicity Quality score 𝑃HWE in control (D299G) 𝑃HWE in control (T399I)
Sánchez, 2004 [8] Caucasian 8 0.78 0.27
Bogaczewicz, 2013 [9] Caucasian 6 N/A 0.42
Dhaouadi, 2013 [10] Arabian 8 0.55 N/A
Rupasree, 2015 [11] Indian 7 0.28 0.22

45 studies identified through 
PUBMED searching

39 studies excluded after title 
and abstract review

Reason: no results on TLR4 gene;
editorial; letter; case reports 

6 studies were retrieved for full 
text

2 studies excluded after full 
text review

Reason: absence of genotype 
data 

4 studies included in meta-analysis
2 studies in Caucasian population
1 study in Indian population
1 study in Arabian population

Figure 1: PRISMA flow diagram for inclusion of the studies
investigating the relationship between TLR4 polymorphisms and
SLE risk.

from enrolled studies was presented in Table 2. Overall, there
was no evidence of positive association between SLE risk
and TLR4 D299G and T399I polymorphisms. As for D299G,
the pooled ORs in dominant model and recessive model
were 1.31 (95% CI: 0.96–1.80) and 2.18 (95% CI: 0.65–7.24),
respectively. The pooled OR for T399I was 1.18 (95% CI:
0.85–1.64) in dominant model, and the corresponding figure
was 2.52 (95% CI: 0.66–9.63) in recessive model. We further
analyzed the association between alleles of these two TLR4
polymorphisms and SLE risk by pooling all subjects; the
pooled ORs for D299G and T399I allele were 1.30 (95% CI:
0.98–1.73) and 1.20 (95% CI: 0.89–1.62), respectively (see
Figures 2–4).

3.3. Evaluation of Heterogeneity. According to the 𝐼2 statis-
tics we calculated by using STATA software, there was no

interstudy heterogeneity among all enrolled studies of TLR4
polymorphisms for all 3 genetic models (D299G dominant
model: 𝐼2 = 0.0%, 𝑃 = 0.432; recessive model: 𝐼2 = 53.3%,
𝑃 = 0.143; allele: 𝐼2 = 16.6%, 𝑃 = 0.301; T399I dominant
model: 𝐼2 = 0.0%, 𝑃 = 0.710; recessive model: 𝐼2 = 62.7%,
𝑃 = 0.102; allele: 𝐼2 = 0.0%, 𝑃 = 0.538). Due to the absence of
heterogeneity, the pooled ORs were estimated by using fixed-
effect model.

3.4. Publication Bias. Due to the limited number of enrolled
studies, it was inappropriate to evaluate the publication bias
by using funnel plot. Therefore, the publication bias in our
meta-analysis was estimated by using Begg and Egger’s test.
As shown in Table 4, the 𝑃 values for all genetic models were
all greater than 0.05, suggesting no evidence of publication
bias.

4. Discussion

Toll-like receptors were firstly discovered in Drosophila in
1985 and they have been proved to play fundamental role in
innate immune system. After that, Nomura et al. identified
the first toll-like receptor in cDNA clones of human in 1994
[12]. By comparing the sequence, it has been discovered that
TLRs are highly conservative from Drosophila to human and
share structural and functional similarities. The main func-
tion of TLR4 is recognizing lipopolysaccharide (LPS) and
activating immune response; previous findings also revealed
that TLR4 is capable of binding a variety of endogenous pro-
teins such as low-density lipoprotein and heat shock protein
[13]. With the initiation of LPS, TLR4 is capable of inducing
the expression ofmultiple cytokines, including IL-1, IL-6, and
IL8 via signaling pathway. The relationship between TLR4
and infection has been widely investigated; after initial TLR
mediated immune response triggered by LPS, it is possible for
secondary response such as activation of endothelial cells that
promotes the production of adhesionmolecules to occur [14].
Eventually it may lead to systemic septic syndrome including
tissue perfusions and organ failure [15]. Given the great
importance of TLR4 in immune response, growing evidence
implicates the association between TLR4 and autoimmune
condition [16].

The mutation occurring in TLR4 sequence may also alter
individual’s susceptibility to some diseases. In detail, two
nonsynonymous polymorphisms in TLR4 gene have been
well investigated; an A/G transition causes an Asp/Gly poly-
morphism at amino acid 299 and a C/T transition causes a
Thr/Ile polymorphism at amino acid 399. Notably, the amino
acid change caused by two above-mentioned polymorphisms
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Study ID

Dominant

Sánchez et al. (2004)

Sánchez et al. (2004)

Dhaouadi et al. (2013)

Dhaouadi et al. (2013)

Rupasree et al. (2015)

Rupasree et al. (2015)

Recessive

0.0154 1 65.1

OR (95% CI)

0.92 (0.48, 1.78)

1.23 (0.55, 2.71)

1.53 (1.02, 2.31)

1.31 (0.96, 1.80)

0.32 (0.02, 6.77)

4.14 (0.85, 20.15)

(Excluded)

2.18 (0.65, 7.24)

% weight

27.75

16.59

55.67

100.00

51.39

48.61

0.00

100.00

Subtotal (I2 = 0.0%, P = 0.423)

Subtotal (I2 = 53.3%, P = 0.143)

Figure 2: Forest plot of the association between TLR4 polymorphism D299G and SLE risk.

Study ID OR (95% CI) % weight

0.0154 1 65.1

Dominant

Bogaczewicz et al. (2013)

Bogaczewicz et al. (2013)

Recessive

1.08 (0.56, 2.08)

0.87 (0.35, 2.20)

1.30 (0.85, 1.97)

1.18 (0.85, 1.63)

0.32 (0.02, 6.77)

7.16 (0.85, 60.02)

(Excluded)

2.52 (0.66, 9.63)

26.17

15.00

58.84

100.00

67.90

32.10

0.00

100.00

Subtotal (I2 = 0.0%, P = 0.710)

Subtotal (I2 = 62.7%, P = 0.102)

Sánchez et al. (2004)

Sánchez et al. (2004)

Rupasree et al. (2015)

Rupasree et al. (2015)

Figure 3: Forest plot of the association between TLR4 polymorphism T399I and SLE risk.

would lead to changing the ligand-binding site of the recep-
tor [17] and consequently contributes to the alternation of
susceptibility to diseases. One of the underlying mechanisms
is that the above-mentioned two polymorphisms may have
impact on the responsiveness to LPS. To be more specific,
the extracellular domain of TLR4 can bind with a secreted

protein named MD-2 [18] and a soluble or GPI-anchored
glycoprotein coreceptor CD14 which are essential for optimal
TLR-4 mediated LPS response [19]. According to the results
of sequencing, both D299G and T399I are located in the
extracellular domain of TLR4, and these two variants have
been associated with LPS hyporesponsiveness in vitro and
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D299G

T399I

0.86 (0.46, 1.61)

1.21 (0.56, 2.62)

1.52 (1.06, 2.16)

1.30 (0.98, 1.73)

0.99 (0.53, 1.85)

0.88 (0.36, 2.14)

1.36 (0.93, 1.97)

1.20 (0.89, 1.62)

25.88

14.40

59.72

100.00

25.40

13.47

61.14

100.00

Study ID OR (95% CI) % weight

0.362 1 2.76

Subtotal (I2 = 16.6%, P = 0.301)

Subtotal (I2 = 0.0%, P = 0.538)

Sánchez et al. (2004)

Sánchez et al. (2004)

Dhaouadi et al. (2013)

Rupasree et al. (2015)

Rupasree et al. (2015)

Bogaczewicz et al. (2013)

Figure 4: Forest plot of the association between D299G, T399I allele, and SLE risk.

Table 2: Genotype distribution of enrolled studies on TLR4 polymorphisms.
(a) D299G

Author and year Case Control
Asp/Asp Asp/Gly Gly/Gly Total Asp/Asp Asp/Gly Gly/Gly Total

Sánchez, 2004 [8] 106 16 0 122 171 26 2 199
Bogaczewicz, 2013 [9] — — — — — — — —
Dhaouadi, 2013 [10] 111 16 0 127 102 12 0 114
Rupasree, 2015 [11] 119 68 7 194 158 63 2 223

(b) T399I

Author and year Case Control
Thr/Thr Thr/Ile Ile/Ile Total Thr/Thr Thr/Ile Ile/Ile Total

Sánchez, 2004 [8] 105 17 0 122 173 24 2 199
Bogaczewicz, 2013 [9] 52 8 0 60 85 15 0 100
Dhaouadi, 2013 [10] — — — — — — — —
Rupasree, 2015 [11] 128 58 6 192 161 61 1 223

Table 3: Meta-analysis of TLR4 polymorphism with the risk of SLE.

Polymorphism Genetic model Test of association Test of heterogeneity
OR 95% CI 𝑃 Model 𝐼2 𝑃

D299G
Dominant 1.31 0.96, 1.80 0.09 Fixed 0.0% 0.432
Recessive 2.18 0.65, 7.24 0.21 Fixed 53.3% 0.143
Allele 1.30 0.98, 1.73 0.07 Fixed 16.6% 0.301

T399I
Dominant 1.18 0.85, 1.64 0.33 Fixed 0.0% 0.710
Recessive 2.52 0.66, 9.63 0.18 Fixed 62.7% 0.102
Allele 1.20 0.89, 1.62 0.24 Fixed 0.0% 0.538



6 BioMed Research International

Table 4: The results of publication bias in dominant and recessive model and allele analysis.

Polymorphism Genetic model Begg’s test Egger’s test
𝑍 𝑃 Coefficient 𝑃

D299G
Dominant −0.52 0.60 −2.03 0.45
Recessive −1.00 0.32 −3.42 0.24
Allele −0.52 0.60 −2.09 0.45

T399I
Dominant −1.57 0.12 −1.15 0.56
Recessive −1.00 0.32 −2.15 0.32
Allele −1.57 0.12 −1.83 0.15

in vivo [20]. A much debated question is how D299G and
T399I affect the LPS responsiveness and the result remains
inconsistent. A study which enrolled 200 plus pediatric
subjects and quantification of pro- and anti-inflammatory
cytokines response by fresh peripheral blood mononuclear
cell upon acute exposure to LPS were conducted, and the
results showed no significant difference between subjects
with different genotype of TLR4 polymorphisms, indicating
a null association [21]. Although the previous study reported
that the polymorphisms in TLR4 have no impact on the
production of cytokines, a more recent cell assay suggested
that the polymorphisms in TLR4 did not alter LPS-binding
to soluble TLR4/MD2; instead, the native-PAGE revealed
that D299G and T399I could impair the ligand-dependent
dimerization and consequently lead to the hyporesponsive-
ness to LPS [22]. In a case-control study involving 108 Legion-
naire’s disease cases and two independent control groups,
both polymorphisms were inversely associated with the risk
of Legionnaire’s disease [23]. However, the issue of TLR4
polymorphisms and disease risk still remains controversial;
another study revealed that themutation of TLR4 is positively
associated with the risk of developing leprosy [24]. So far
there is only a limited number of studies that investigated the
association between TLR4 polymorphisms and SLE risk; null
association was reported in the case-control study in Spanish
and Polish population [8, 9], while a significant association
was observed in Indian population [11]. Therefore, we con-
ducted a comprehensive literature search and meta-analysis
to address this issue. According to the 𝐼2 statistics among all
genetic models, it can be assumed that the heterogeneity was
insignificant in our meta-analysis; therefore, fix-effect model
was employed to estimate the pooled OR. Both D299G and
T399I were not significantly associated with SLE risk in dom-
inant and recessive model. We further analyzed the overall
impact of TLR4 polymorphisms allele on SLE risk, and the
results were similar with the genotype analysis.Therefore, we
can conclude that, based on the current evidencewe obtained,
the TLR4 polymorphisms are not associated with SLE risk.

The major limitation of our meta-analysis is that the
number of enrolled studies was small; despite expanded
search applied by reviewing the reference of enroll studies,
still only 4 studies were available in our final analysis. The
reason behind this problem is the unique distribution pattern
of TLR4 polymorphisms between different races. According
to the data of a study involving study subjects fromall over the
world, theD299G andT399I doublemutation haplotypewere

of high frequency in Caucasians in Europe, and D299G and
399 wildtype can be found in African population; however,
no mutations in both D299G and T399I were observed in
East Asian countries, including China, Japan, and Korea
[25]. Therefore, the range of study population was limited
by the natural genotype distribution. Despite the limitation
of the above-mentioned, the pooled outcome of this meta-
analysis is solid, due to the absence of both heterogeneity and
publication bias.

Although the meta-analysis we conducted reported a
null association between TLR4 polymorphisms and SLE risk,
some laboratory studies still discovered the involvement of
TLR4 in SLE process. Flow cytometry was applied to detect
the expression of TLR4 in blood monocytes from SLE cases
and healthy control; the statistical comparison revealed that
the TLR4 expression was significantly suppressed in SLE
cases [26].Moreover, the presentmeta-analysis only included
Caucasian, Arabian, and Indian due to the data availability;
therefore, the conclusion does not apply to all populations.
Recently, TLR4 has been recognized as the potential target of
novel therapy of SLE, and progress has beenmade.Therefore,
the association between TLR4 polymorphisms and SLE risk
requires further investigation both in laboratory and in
epidemiological efforts.
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Rheumatoid arthritis (RA) is a chronic inflammatory disease characterized by the destruction of articular cartilage and bone with
elevated levels of proinflammatory cytokines. It has been reported that IL-17 andTh17 cells play important roles in the pathogenesis
of RA. Recently, plasticity in helper T cells has been demonstrated; Th17 cells can convert to Th1 cells. It remains to be elucidated
whether this conversion occurs in the early phase of RA. Here, we tried to identify Th17 cells, Th1 cells, and Th17 cell-derived Th1
cells (CD161+Th1 cells) in the peripheral blood of early-onset RA patients. We also evaluated the effect of methotrexate on the ratio
of Th17 cells in early-onset RA patients. The ratio of Th17 cell-derived Th1 cells to CD161+Th17 cells was elevated in the peripheral
blood of early-onset RA patients. In addition, MTX reduced the ratio of Th17 cells but not Th1 cells. These findings suggest that
IL-17 and Th17 play important roles in the early phase of RA; thus, anti-IL-17 antibodies should be administered to patients with
RA in the early phase.

1. Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory disease
characterized by the destruction of articular cartilage and
bone with elevated levels of proinflammatory cytokines, such
as TNF𝛼 and IL-6, produced from the synovial tissue [1]. We
previously reported that IL-17 fromactivated humanT cells in
the synovial tissues of patientswith rheumatoid arthritis (RA)
is a potent stimulator of osteoclast formation [2]. In 2005,
human helper T-17 type cells (Th17 cells) were identified as
helper T cells, distinct from Th1 or Th2 cells [3]. Since this
identification ofTh17 cells, it has been reported that they play
important roles in the pathogenesis of RA [4, 5].

Several reports confirm that IL-17 is an important
cytokine in the early phase or the disease-onset phase of RA.
In 2005, Raza et al. reported that the peripheral level of IL-
17 is significantly high, analyzing the patients with RA whose
disease durations were less than nine weeks [6]. Kokkonen
et al. reported that the concentration of IL-17 in individuals

before disease onset is significantly higher than that in
patients after disease onset [7]. In addition, Kochi et al. [8]
demonstrated that a regulatory variant in CCR6, which is a
specific marker forTh17 cells distinguishing them from other
helper T cells [9, 10], is associated with RA susceptibility.
TheCCR6dinucleotide polymorphismgenotype is correlated
with the expression level of CCR6 and is associated with the
presence of IL-17 in the sera of subjects with RA [8]. Thus, it
is speculated that IL-17 plays an important role in the disease-
onset or the early phase of RA.

Recently, plasticity in helper T cells has been demon-
strated [11]. It has been reported that Th17 cells can convert
to Th1 cells [12]. In 2008, Cosmi et al. reported that CD161
is a marker of human Th17 cells [13]. In addition, Th17 cell-
derived Th1 cells express CD161, which is detected in the
synovial fluid from patients with juvenile idiopathic arthritis;
thus, these cells are clearly distinct from Th1 cells [14–
16]. Th17 cell-derived Th1 cells are also named “non-classic
Th1 cells” [16]. In contrast, Th1 cells rather than Th17 cells
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were reported to be predominant in the peripheral blood of
patients with late phase of RAwhose average disease duration
was 13 years [17]. We hypothesized that Th17 cells convert to
Th1 cells in the early phase of RA and that methotrexate has
an effect on the ratio of peripheral Th cells.

In the current study, we first evaluated the effect of
methotrexate (MTX) on the ratio of Th cells in early-onset
RApatients and then tried to identifyTh17 cells,Th1 cells, and
Th17 cell-derived Th1 cells in the peripheral blood of these
early-onset RA patients. We report that MTX reduced the
ratio of Th17 cells but not Th1 cells and that the ratio of Th17
cell-derived Th1 cells to Th17 cells was elevated in peripheral
blood of early-onset RA patients.

2. Patients and Methods

2.1. Profiles of Patients. We analyzed two groups of patients
with early-onset rheumatoid arthritis (RA). The RA patients
met the ACR 1987 revised classification criteria.The 1st group
comprised 5 patients (4 females and 1 male) whose disease
durationswere less than 18months (Table 1). All patients were
treated withmethotrexate (MTX).The duration between first
and second analysis was 1 to 6 months. RA patients were
not treated by DMARDs or corticosteroids when periph-
eral blood was obtained. The peripheral helper T cells of
these patients were analyzed according to the expressions of
cytokines, interferon-𝛾 (IFN-𝛾) and interleukin-17 (IL-17).

The 2nd group of patients comprised 6 patients (5 RA and
1 reactive arthritis [ReA]) (Table 2). ReA was a Chlamydia-
associated arthritis. All patients were female. Six female,
age-matched osteoarthritis (OA) patients were also analyzed
as controls (data not shown). The disease durations of RA
patients were less than 5 months. RA and ReA patients were
not treated by DMARDs or corticosteroids when peripheral
blood was obtained. The peripheral helper T cells of these
RA, ReA, and OA patients were analyzed according to the
expression of both CD161 and cytokines, interferon-𝛾 (IFN-
𝛾) and interleukin-17 (IL-17).

The current study was approved by the ethical committee
of TokyoWomen’s Medical University. Informed consent was
obtained from each patient.

2.2. Flow Cytometry Analysis for CD4, CD161, and Intra-
cellular IFN-𝛾 and IL-17. After separating peripheral blood
mononuclear cells (PBMCs), these cells were stimulated with
25 ng/mL PMA (Sigma) and 2 𝜇g/mL ionomycin (Sigma) in
the presence of 10mg/mL brefeldin-A (BFA, Sigma) for 4 h at
37∘C in 7% CO2. T cells (400 𝜇L) were incubated with 2mL
of 1x FACS lysing solution (Becton Dickinson, Mountain
View, CA) for 10min at room temperature. PBMCs were
washed and incubatedwith 500𝜇L of 1x FACS permeabilizing
solution (Becton Dickinson) for 10min at room temperature.
PBMCs were washed again and further incubated with PC5-
conjugated anti-CD4 antibodies (Beckman Coulter), FITC-
conjugated anti-human IFN-𝛾 antibodies (Becton Dickin-
son), and Alexa Fluor 647-conjugated anti-human IL-17
antibodies (BD Bioscience) for 30min at room temperature
in the dark. In the analysis of the 2nd group of RA patients,
PE-conjugated anti-CD161 antibodies (Becton Dickinson)

were added to this incubation.The stained cells were analyzed
using FACScan (BD Bioscience).

2.3. Statistical Analysis. Data were analyzed using the
Wilcoxon signed-rank test and Mann-Whitney’s 𝑈 test
(StatView�; Abacus Concepts Inc., Berkeley, CA). Data are
presented as the mean ± SD. Significant difference was
defined as 𝑝 < 0.05.

3. Results

3.1. MTX Significantly Reduced the Ratio of Th17 Cells to
Th Cells, but Not Those of Th1 Cells, “Both IFN-𝛾 and IL-
17 Positive Cells” (“Th17∙Th1 Cells”). In the current study,
we identified CD4+ cells as Th cells, IL-17+∙IFN-𝛾− CD4+ T
cells as Th17 cells, IL-17−∙IFN-𝛾+ CD4+ T cells as Th1 cells,
and both positive IL-17+∙IFN-𝛾+ CD4+ T cells as “Th17∙Th1
cells.” [We do not use “Th17/Th1 cells” because the expression
may be confused with the ratio of Th1 to Th17.] In the 1st
group of RA patients, the ratio of Th17 cells to helper T cells
(Th cells) was significantly reduced by MTX treatment (𝑝 =
0.03, Figure 1(a) left). Th1 cells were not reduced by MTX
treatment (Figure 1(a) right); the ratio increased in 3 out of 5
patients.The ratio ofTh1∙Th17 cells was not reduced byMTX
treatment (Figure 1(b)).

3.2. The Ratio of Th17 Cells to Helper T Cells. Figure 2(a)
shows the ratio ofTh17 cells toThcells in the 2nd group of RA
and reactive arthritis (ReA) patients.There was no significant
difference among OA, RA, and ReA.

3.3. The Ratio of CD161+ Helper T Cells to Helper T Cells.
CD161 has been reported as a marker of human Th17 cells
[13]; however, Th1 cells derived from Th17 cells also express
CD161 [14]. We examined the ratio of CD161+CD4+ T cells to
CD4+ T cells (Figure 2(b)).There was a tendency for the ratio
to be higher in RA and ReA than in OA; the ratios in 3 of 6
patients with RA or ReA were higher than the highest ratio
in OA patients (a red dotted line) although the difference was
not statistically significant.

3.4. The Ratio of CD161+Th1 Cells to CD161+Th17 Cells. We
then examined the ratio of CD161+Th1 cells to CD161+Th17
cells (Figure 2(c)). The ratio of RA was significantly higher
than that of OA (𝑝 = 0.04, Figure 2(c)). The ratio of ReA was
highest among all of the data.

4. Discussion

In the current study,we clearly demonstrated that in the early-
onset RA patientsMTX reduced the ratio ofTh17 cells among
helper T cells but not those of Th1 cells or Th17∙Th1 cells (Th
cells producing both IFN-𝛾 and IL-17). In addition, we also
showed that the ratio of Th17 cell-derived Th1 cells to Th17
cells increased in the peripheral blood of the early-onset RA
patients, compared with those of OA patients.

It has been reported that the anti-IL-17 antibody secuk-
inumab significantly reduces signs and symptoms of RA
compared with placebo, based on an analysis of biologic-
näıve patients (mean disease durations: 6.0 years) [18]. In that
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Figure 1: (a) Effect of MTX on the ratio ofTh17 cells (left) orTh1 cells (right) to helper T cells. Number by the dot shows the patient number
in Table 1. (b) Effect of MTX on the ratio of Th1-Th17 cells to helper T cells. Number by the dot shows the patient number in Table 1.

Table 1: Patient profile.

Patient # Sex Age (year) Disease duration (m) Anti-CCP
U/mL

RF CRP
Treatment MTX

mg/w
Duration between 1st
and 2nd analysis (m)IU/mL mg/d

Pre Post Pre Post
1 F 30 12 121 1269 96 0.12 0.02 6 6
2 F 63 3 >300 68 56 0.01 0.02 6 1.5
3 F 22 12 >300 327 153 2.70 1.82 4 2
4 M 67 6 251 774 198 2.64 0.36 4 1.5
5 F 40 18 <0.6 6 3 3.66 4.65 4 1

clinical study, the RA patients were in the late phase of RA,
not the early phase. As mentioned in Section 1, IL-17 plays
an important role in the preonset or early-onset phase of the
pathogenesis of RA [6, 7]. In addition, in the current study,
we showed an elevated ratio of Th17 cell-derived Th1 cells in
the early phase of RA, suggesting thatTh17 cells are converted
to Th1 cells in early RA. Thus, anti-IL-17 antibodies should
be used in the preonset or the early-onset phase of RA to
obtain more effective therapeutic results. Recently, Schett’s
group reported the combination of anti-TNF𝛼 antibodies and
anti-IL-17 antibodies at the Fc, which had a measurable effect
in a mouse model of RA [19, 20]. Combined antibodies are
expected to yield an effective response in patients with early
phase RA.

In the current study, MTX, which is “the gold standard”
oralmedication for RA, significantly reduced the ratio ofTh17
cells but not Th1 or Th1∙Th17 cells (Figures 1(a) and 1(b)).
In addition, in the 1st group of RA patients, 4 of 5 patients
with RA showed improved CRP levels (Table 1). Thus, our
findings suggest that Th17 plays an important role in the

pathogenesis of early-onset RA. In addition, surprisingly, the
ratio ofTh1 cells in 3 of 5 patients increased (Figure 1(a) right).
These findings may demonstrate the pharmacological effect
of MTX; however, they also suggest that Th17 cells are more
important thanTh1 cells in early-onset patients with RA.

We are now analyzing Th17 cells and Th1 cells using
a third group of RA patients with early-onset RA. In the
ongoing study, we are identifying Th17 cells and Th1 cells
using only cell surface markers, as recommended in the
Human Immunology Project of the Human Immunology
Study Group [10]. In addition, we are trying to confirm the
precision of this method of the Human Immunology Project
by measuring the actual productions of cytokines IL-17 and
IFN-𝛾 and the expression of CD161.

In conclusion, through analyzing the peripheral blood of
early-onset RA patients we demonstrated that MTX reduced
the ratio of Th17 cells in helper T cells but not that of Th1
cells and that the ratio of Th17 cell-derived Th1 cells to Th17
cells increased. These findings suggest that Th17 cells play
an important role in the pathogenesis of early phase RA,
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Figure 2: (a) Ratio of Th17 cells to helper T cells. (b) Ratio of CD161+ helper T cells to helper T cells. The red dotted line shows the highest
ratio of OA patients. (c) Ratio of CD161+Th1 cells to CD161+Th17 cells.

Table 2: Profiles of patients.

Patient # Sex Age
(year)

Diagnosis
2010 ACR/EULAR

Disease
duration (m)

CCP
U/mL

RF
IU/mL

CRP
mg/d Treatment after the analysis

6 F 43 ReA 9 — — 0.02 —
7 F 57 RA 3 — — 0.02 MTX 4mg/w→ SASP 500
8 F 71 RA 5 356 923 2.47 Bu 100
9 F 34 RA 1.5 — — 0.04 —
10 F 51 RA 3 18.9 — 0.01 —
11 F 42 RA 4 280 28 0.09 MTX 6mg/w
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indicating the usefulness of anti-IL-17 antibodies in the early
phase of RA but not in the late phase of RA or in patients
resistant to other biologics such as anti-TNF antibodies.

5. Conclusions

In the early-onset RA patients MTX reduced the ratio of
Th17 cells among helper T cells but not those of Th1 cells
or Th17∙Th1 cells (Th cells producing both IFN-𝛾 and IL-17).
In addition, the ratio of Th17 cell-derived Th1 cells to Th17
cells increased in the peripheral blood of the early-onset RA
patients, compared with those of OA patients.
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