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Abstract

Contexts

CD154 (commonly referred to as CD40-ligand) is a critical T cell factor that participates in

the pathogenesis of autoimmune and is over-expressed in rheumatoid arthritis (RA). TNF-α
blockade treatment had dramatic efficacy in RA.

Objective

To investigate whether TNF-α blockade treatment can inhibit CD154 expression in RA.

Methods

Blood samples were collected from 33 patients with rheumatoid arthritis before and 3

months after TNF-α blockade treatment. Clinical serological data determined by standard

assays and T cell CD154 expression levels determined by flow cytometry were statistically

analyzed for these two time points.

Results

The percentage of CD154 expression on gated CD4+ T cells of PBMCs from RA patients

after 3 months TNF-α blockade treatment was significantly lower than before treatment (2.94

± 3.21% vs. 7.21 ± 5.64%; p = 0.0001). The disease activity and anti-CCP antibody levels

were also significantly reduced after TNF-α blockade treatment. The CD154 expression lev-

els were positively correlated with disease activity index DAS28, and CRP. The post-stimu-

lated CD154 expression percentage of purified CD4+ T cells between baseline and after

TNF-α blockade treatment was not significantly different (p = 0.221). Baseline CD154 levels

were positively correlated with treatment-induced changes in DAS28 (p = 0.014; r2 = 0.187).

Conclusions

TNF-α blockade treatment significantly decreased the CD154 expression on CD4+ T cells,

disease activity and anti-CCP antibody simultaneously in RA patients. However TNF-α
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blockade did not impair T cell capacity to express CD154 after stimulation. These results

suggest that decreased CD154 expression after TNF-α blockade may be due to decreased

RA disease activity but not direct inhibition of CD154 responsiveness of T cells.

Introduction

Rheumatoid arthritis (RA) is a chronic erosive polyarthritis of joint destruction with a poor

prognosis. Many inflammatory cell subsets and proinflammatory cytokines participate in the

pathogenesis. Joint pannus infiltration of monocytes, macrophages, B and T lymphocytes was

found [1]. Disease modification treatment using conventional anti-rheumatic drugs provides

limited protection [2–4]. Development of new pharmacological agents with targeted therapeu-

tic actions is currently underway. Tumor necrosis factor-α (TNF-α) is the key cytokine in acti-

vation of the osteoclast and induction of bone erosion [5]. TNF-α antagonists, like etanercept,

adalimumab, and infliximab, are already used clinically for treating rheumatoid arthritis with

dramatic efficacy [2–4].

CD154 (commonly referred to as CD40-ligand, CD40L) is an important surface marker

that participates in the immune response. It belongs to TNF superfamily [6,7]. It presents as

clustering homotrimer complex on cell membrane surface and is found in multiple subsets of

cells, mainly T lymphocytes. CD154 is transiently expressed on T cell surface after T cell activa-

tion. After binding with its ligand, CD40, it can promote T cell dependent B cell proliferation,

maturation, antibody formation and immunoglobulin isotype switch. If mutation of CD154

occurred, hyper IgM syndrome with immunodeficiency happened. Hence it is critical in path-

ogenesis of Th2 cell mediated autoimmune disease, like systemic lupus erythematosus [8].

Besides, CD154 can also interact with CD40 on dendritic cells and monocyte/macrophage to

promote cell differentiation, proinflammatory cytokine production and upregulated expres-

sion of costimulatory ligands. Hence, CD154 is also a crucial marker for Th1 cell mediated

autoimmune disease, like rheumatoid arthritis [9,10].

Increased expression of CD154 on T cell surface was found in many autoimmune diseases,

including systemic lupus erythematosus, Sjogren syndrome, ankylosing spondylitis, psoriasis

and Behcet’s disease [8,10–12]. However, only mild increased expression of CD154 was found

in rheumatoid arthritis[9]. Furthermore, a previous study demonstrated positive relationship

between disease activity and CD154 expression level in rheumatoid arthritis [9]. Decreased

CD154 expression after conventional disease modifying treatment was noted [9]. Besides, pre-

vious studies revealed that TNF-α blockade treatment decreased CD154 expression in ankylos-

ing spondylitis and Crohn disease [12,13]. However, to date, it is not clear whether TNF-α
blockade treatment modulated CD154 expression in rheumatoid arthritis.

Because CD154-CD40 signaling is associated with disease activity and pathogenesis of auto-

immune diseases, in this study, we compared levels of CD154 expression before and after

TNF-α blockade treatment in RA patients to evaluate whether TNF-α blockade had CD154

modulation effect and to investigate the possible underlying mechanisms.

Patients and methods

Patients

Thirty three patients (7 male and 26 females; mean age = 54.12 ± 11.28 yrs) with rheumatoid

arthritis who fulfilled the revised RA criteria of the American College of Rheumatology were

included in this study. All patients were receiving disease modifying anti-rheumatic drugs
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(DMARDs: hydroxychloroquine, methotrexate, leflunomide), low-dose prednisolone (<10

mg/day), and non-steroidal anti-inflammatory drugs (NSAIDs). None of these patients had

received biological agents previously (Table 1, S1 Table).

All patients had severe peripheral joint disease and were administered TNF-α blockade

treatment on schedule. All patients received etanercept treatment of 25mg twice weekly. Dis-

ease activity was assessed by evaluating the DAS28 (rheumatoid arthritis disease activity

score), erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP). Blood samples

were collected at baseline and after 3 months of TNF-α blockade treatment. During the

3-month treatment period, the baseline drugs were not changed. The only additional drug was

etanercept. None of the patients received steroids during the last 12 hours before blood

collection.

The study protocol was approved by the Institutional Review Board of the Buddhist Tzu

Chi General Hospital (BTZH IRB No.: B10302004) and written informed consent according to

the Declaration of Helsinki was obtained from all of the participating individuals.

Serological tests

Serum samples were obtained from all patients before and 3 months after TNF-α blockade

treatment and stored at -80˚C until analysis. A commercial second generation ELISA test was

used for anti-CCP (Phadia GmbH, ImmunoCAP 100, Freiburg, Germany) according to the

manufacturer’s instructions. The results of the anti-CCP test were considered positive if the

antibody level was greater than the cut-off value of 10 U/ml. Rheumatoid factor (RF) was

determined by laser nephelometry for the IgM isotype (Roche Diagnostic GmbH, Mannheim,

Germany), and a level >14 IU/ml was considered positive. Acute phase reactants were deter-

mined by ESR (mm/h) and CRP (mg/dl) using standard laboratory methods.

Table 1. Demographic data of RA patients.

Demographic data of RA patients (n = 33)

clinical characteristics means ± SD

age (mean years ± s.d.) 54.12 ± 11.28

sex F/M 26: 7

duration (year) 5.48 ± 4.98

DAS 28 score 5.88 ± 0.85

medication

prednisolone (mg) 7.8 ± 4.79

methotrexate 90.9%

hydroxychloroquine 51.5%

sulfasalazine 48.4%

leflunomide 33.3%

cyclosporine 6.0%

immunological level

RF-IgM (IU/ml) 201.6 ± 349.6

anti-CCP (U/ml) 155.2 ± 144.8

ESR (mm/hr) 29.2 ± 22.5

CRP (mg/dl) 1.45 ± 1.47

Data are expressed as means ± SD. SD: standard deviation, DAS 28: RA disease activity Index, RF:

rheumatoid factor, anti-CCP: anti-cyclic citrullinated peptide antibody, ESR: erythrocyte sedimentation rate,

CRP: C-reactive protein.

https://doi.org/10.1371/journal.pone.0183726.t001
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Medium, buffer and reagents

Cells were cultured in RPMI-1640-based medium (Gibco/BRL, Carlsbad, CA, USA) supple-

mented with 1% L-glutamine, 100 U/ml Penicillin, 100 U/ml streptomycin, 10% fetal bovine

serum (Hyclone, Logan, UT, USA), 10mM HEPES, and 50μM β-mercaptoethanol. Phorbol

12-myrisate 13-acetate (PMA) (Sigma, St. Louis, MO, USA, P8139) was used at 50 ng/mL,

while ionomycin (Sigma, I3909) was used at 1 μg/mL.

Cell separation

Human peripheral blood mononuclear cells (PBMCs) were isolated from heparinized venous

blood of RA patients using Ficoll-Hypaque density gradient centrifugation. In short, 20ml

fresh blood was collected and spun at 2000 rpm for 10 min at RT. Blood plasma (upper frac-

tion) was discarded, while blood cells in the lower fraction were resuspended in an equal vol-

ume of 1X PBS, followed by overlay onto a half volume of Ficoll-paque Plus (GE Healthcare,

Buckinghamshire, United Kingdom, 17-1440-03). Cells were centrifuged at 2000 rpm for 20

min at RT, resulting in the generation of the PBMC fraction between serum and Ficoll-paque

fractions for collection. Subsequently, PBMCs were resuspended in PBS/3% human IgG (Bax-

ter International) to block Fc receptors and prevent non-specific Ab binding. Purified CD4+ T

cells were isolated from PBMCs by CD4+ T cell isolation kits (STEMCELL Technologies, Van-

couver, Canada, 19052) according to the manufacturer’s protocol.

In vitro stimulation treatment of CD4+ T cells

CD4+ T cells isolated from blood of RA donors were diluted to a concentration of 1x106/mL

for experiments. The experiment cells, 2x105 cells/ 200μl, were grown in 96-well tissue culture

plates; then activated by stimulators of ionomycin (1 μg/mL) and PMA (50 ng/mL). Cells were

harvested after stimulated for various durations as indicated and stained for CD4 or CD154,

according to the manufacturer’s guidelines.

Flow cytometric analysis

Flow cytometric analysis was performed using a Becton Dickinson FACS Calibur flow cytome-

ter and CellQuest software (BD Biosciences). PBMCs were washed and subsequently incubated

with saturating concentrations of the indicated antibody diluted in 200μl blocking buffer at

4˚C for 20 minutes, spun, and then washed two times with cold PBS according to the manufac-

turer’s instructions. Cell staining for flow analysis was performed with the following specific

antibodies: murine anti-human CD4 fluorescein isothiocyanate (anti-CD4-FITC) (Cat

#555346) and anti-human CD154 phycoerythrin (anti-CD154-PE) (Cat #555700) conjugated

monoclonal antibodies, purchased from BD Pharmingen, and their respective isotype control

mAbs (BD Pharmingen).

Statistical analysis

Student’s t-test was used to compare the means of two samples (before and after TNF-α block-

ade treatment); Mann-Whitney test was used to compare the means of two samples (health

control vs RA patients or with vs without low disease activity). P-values <0.05 were considered

statistically significant. Association between the percentage of CD154 expression and clinical

parameters were evaluated by Pearson correlation and linear correlation analysis. A two-tailed

significance level was set at p< 0.05. Statistical analysis used SPSS 10.0.
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Results

TNF-α blockade treatment decreased CD154 expression of CD4+ T

cells

TNF-α blockade treatment had dramatic effect on RA and decreased disease activity. Previous

studies revealed that CD154 expression was associated with RA disease activity and decreased

after treatment with traditional DMARD treatment [9]. To determine whether TNF-α block-

ade had any effect on CD154 expression, we isolated PBMCs from RA patients and investi-

gated the percentages of CD154 on gated CD4+ T cells by flow cytometry at baseline and 3

months after TNF-α blockade treatment. The CD154 expression (as mean percentage or MFI)

of gated CD4+ T cells in active RA patients before TNF-α blockade treatment was significantly

higher than in healthy control (p = 0.0004 by percentage and p = 0.0466 by MFI) (Fig 1A, S1

Table). The CD154 expression levels were significantly attenuated after treatment (as mean

percentage of gated CD4+ T cells: mean ±SD: 2.94 ± 3.12% versus 7.21 ± 5.64% at baseline,

p< 0.0001) (Fig 1A and 1B, S1 Table). Besides, clinical disease activity, determined by ESR,

CRP levels and DAS28, was also significantly reduced after TNF-α blockade (mean ±SD:

17.8 ± 16.6 versus 29.2 ± 22.5 at baseline, p = 0.0001; 0.44 ± 0.54 versus 1.45 ± 1.47 at baseline,

p = 0.0002; 4.86 ± 1.16 versus 5.88 ± 0.85 at baseline, p = 0.0001; respectively) (Fig 1C and 1D,

Table 2). Furthermore, the serum levels of anti-CCP antibodies were obviously reduced after

TNF-α blockade treatment (mean ±SD: 129.4 ± 135.3 versus 155.2 ±144.8 at baseline, p =

0.009) (Fig 1E). However, although the serum levels of RF were also decreased after TNF-α
blockade, the difference was not statistically significant (mean ±SD: 168.6 ± 274.7 versus

201.6 ± 249.6 at baseline, p = 0.125) (Table 2).

Fig 1. CD154 expression levels and clinical parameters in RA patients before and after TNF-α
blockade treatment. (A) and (B) PBMCs were isolated from health control (n = 14) and RA patients (n = 33)

before and after TNF-α blockade treatment for 3 months. The CD154 expression levels (CD154 percentage

and MFI of gated CD4+ T cells) were measured by flow cytometry. Data were presented as means.

Comparison of clinical parameters including ESR (C), CRP (D) and anti-CCP autoantibody (E) in RA patients

before and after TNF-α blockade treatment. Data were presented as means ± SEM. TNFi: TNF-α inhibitor;

MFI: mean fluorescence intensity; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; anti-CCP:

anti-cyclic citrullinated peptide antibody.

https://doi.org/10.1371/journal.pone.0183726.g001
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The CD154 expression was associated with disease activity

Our study revealed that CD154 expression decreased after TNF-α blockade treatment with

concurrent decrease of RA disease activity. To verify the association between CD154 and clini-

cal characteristics, Pearson and linear correlation assays were used for analysis. The levels of

expressed CD154 were significantly associated with RA disease activity score DAS28 (p =

0.0043; r2 = 0.126) (Fig 2A) and inflammatory marker CRP (p = 0.009; r2 = 0.11) (Fig 2B). Fur-

thermore, although the levels of CD154 expression and anti-CCP antibody both decreased

after TNF-α blockade treatment, the correlation between CD154 and anti-CCP antibody levels

was not significant (p = 0.52; r2 = 0.017) (Fig 2C). In addition, the CD154 expression levels did

not correlate with ESR, RF-IgM, IgG, IgA and IgM (data not shown).

The post-stimulated CD154 expression was not different after TNF-α
blockade

In the previous study, after in vitro stimulation, T cells from RA patients have higher and lon-

ger CD154 expression than T cells from normal peripheral blood [14]. We performed similar

experiments and investigated the kinetic change of CD154 expression after in vitro stimulation

for different durations. We found the similar results (Fig 3A). The increased amplitude of

CD154 expression was higher in RA patients than healthy control at 6 hours after stimulation

(Fig 3A and 3B). After stimulation for 12 hours and 24 hours, the amplitude of CD154 level

change in RA patients decreased but was still higher than in health control. At 48 hours, the

Table 2. CD154 expression and clinical parameters at baseline and after TNF-α blockade treatment.

before TNFi treatment after TNFi treatment p value

% CD154/CD4 7.21 ± 5.64 2.94 ± 3.21 0.0001

DAS28 score 5.88 ± 0.85 4.86 ± 1.16 0.0001

ESR (mm/hr) 29.2 ± 22.5 17.8 ± 16.6 0.0001

CRP (mg/dl) 1.45 ± 1.47 0.44 ± 0.54 0.0002

anti-CCP (U/ml) 155.2 ± 144.8 129.4 ± 135.3 0.009

RF-IgM (IU/ml) 201.6 ± 249.6 168.6 ± 274.7 0.125

IgG (mg/dl) 1297.3 ± 397.8 1315 ± 391.1 0.82

IgA (mg/dl) 314.4 ± 145.8 321.1 ± 151 0.707

IgM (mg/dl) 112.5 ± 72.8 124 ± 76.8 0.06

Data are expressed as means ± SD. TNFi: TNF-α inhibitor, DAS 28: RA disease activity Index, ESR: erythrocyte sedimentation rate, CRP: C-reactive

protein, RF: rheumatoid factor, anti-CCP: anti-cyclic citrullinated peptide antibody. Statistical significance was assessed by the paired t-test analysis.

p values <0.05 were considered to be statistically significant.

https://doi.org/10.1371/journal.pone.0183726.t002

Fig 2. Association between the CD154 expression and the clinical parameters in RA patients. The

correlation between the CD154 expression levels (% CD154 of gated CD4+ T cells measured by flow

cytometry) and the levels of RA disease activity index DAS28 (A), inflammatory marker CRP (B) and anti-CCP

autoantibody (C) in RA patients. CRP: C-reactive protein; anti-CCP: anti-cyclic citrullinated peptide antibody.

https://doi.org/10.1371/journal.pone.0183726.g002
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expressed CD154 regained level similar to that before stimulation. In addition, the post-stimu-

lated dynamic changes of CD154 expression were similar between RA patients with and with-

out TNF blockade treatment (Fig 3A and 3B).

CD154 expression was transiently increased after T cell activation [7]. To determine

whether the attenuated CD154 expression of T cells after TNF-α blockade was secondary to

decreased disease activity or due to primary inhibitory effect of TNF-α blockade treatment on

T cells, purified CD4+ T cells from RA patients were stimulated with ionomycin and PMA for

6 hours. CD154 expression levels of post-stimulated T cells (as mean percentage or MFI) were

analyzed by flow cytometry. These analyses showed CD154 had no significant difference

between baseline and after 3 months TNF-α blockade treatment (as mean percentage of CD4+

T cells: mean ±SD: 49.0 ± 23.0% versus 54.1 ± 15.1% at baseline, p = 0.2215) (Fig 3C, S1

Table).

Higher baseline CD154 expression can predict better treatment

response

To investigate whether baseline CD154 can predict the treatment response, we evaluated the

correlation between the baseline CD154 expression and the change of DAS28. We found that

the baseline CD154 expression levels were positively correlated with treatment-induced

DAS28 changes (p = 0.014; r2 = 0.187) (Fig 4A). This result indicated patients with higher

baseline CD154 expression had better treatment response. The patients with lower basal

CD154 expression had smaller change of disease activity after treatment.

Furthermore, we want to know whether baseline CD154 expression can be used to predict

remission, low disease activity or relapse after TNF-α blockade treatment. There was no

patient achieved remission status or experienced relapse in our study because shorter treat-

ment duration and continuous usage of TNF-α blockade treatment. Therefore, we analyzed

Fig 3. The post-stimulated CD154 expression levels in RA patients between baseline and after TNF-α
blockade treatment. (A) and (B) CD4+ T cells were purified from health control (n = 7) and RA patients with

(n = 8) and without (n = 9) TNF-α blockade treatment. After stimulation with ionomycin (1 μg/mL) and PMA (50

ng/mL) for different time periods, the CD154 expression levels (% CD154 of CD4+ T cells) were measured by

flow cytometry. Data were presented as mean increase of CD154 percentage of CD4+ T cells. (C) CD4+ T

cells were purified from RA patients (n = 30) before and after TNF-α blockade treatment for 3 months. After

stimulation with ionomycin (1 μg/mL) and PMA (50 ng/mL) for 6 hours, the CD154 expression levels (CD154

percentage and MFI of CD4+ T cells) were measured by flow cytometry. Data were presented as mean

percentage and MFI. TNFi: TNF-α inhibitor; MFI: mean fluorescence intensity.

https://doi.org/10.1371/journal.pone.0183726.g003
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the baseline CD154 expression levels between the post-treatment patient with low disease

activity (DAS28 <3.2) and those without low disease activity (DAS28 > 3.2). The baseline

CD154 levels were lower in patients achieved low disease activity after treatment but not signif-

icant (p = 0.713) (Fig 4B). In addition, we evaluated the correlation between baseline CD154

expression and post-treatment DAS28. We found that there was no significant correlation

(p = 0.68; r2 = 0.0057) (Fig 4C). Therefore, the baseline CD154 can’t be used to predict the low

disease activity and post-treatment DAS28 after 3-months TNF-α blockade treatment.

Discussion

Rheumatoid arthritis is a chronic destructive autoimmune disease. CD154-CD40 signaling has

a critical role in pathogenesis of autoimmune diseases [7,10]. Enhanced CD154 expression was

found on peripheral blood T cells and synovial tissue in RA patients [9,15]. To date, TNF-α
blockade treatment was commonly used in RA and had obvious efficacy [2–4]. Our results

demonstrated that TNF-α blockade treatment for 3 months could decrease the expressed fre-

quency of CD154+CD4+ T cells in RA patients (Fig 1A).

Because CD154 expression is transiently induced on cell surface after T cell activation, lower

CD154 expression may represent lower T cell activation [7,16]. Our results demonstrated that

the expressed CD154 level was positively correlated with disease activity index DAS28 (Fig 2A).

Reduced RA disease activity after TNF-α blockade treatment may cause fewer T cell activation

and subsequently lower CD154 expression. Furthermore, CD154 expression levels of post-stim-

ulated T cells from RA patients receiving 3 months TNF blockade treatment were not different

from baseline (Fig 3C). The capacity of T cells to express CD154 was not impaired after TNF-α
blockade. Therefore, we concluded that the lower expression of CD154 on T cells after TNF-α
blockade may be secondary to decreased disease activity and a loss of micro-environmental

inflammatory stimulation, but not due to primary inhibitory effect of TNF-α blockade on T cell

capacity to express CD154. TNF-α blockade did not impair T cell CD154 responsiveness, and

higher CD154 expression could be induced after ex vivo stimulation (Fig 3C).

A previous study revealed CD154 expression was higher and longer in RA patients than in

health control [14]. CD154 expression is dependent on Ca2+–NFAT signaling and IL-15 –

STAT5 signaling pathway [17–19]. Increased Ca2+ influx as well as increased Ca2+ release-acti-

vated Ca2+ channel protein expression and function was noted in RA patients [20]. Besides,

increased IL-15 level in serum and synovial fluid of RA patients was found [21,22]. Thus, RA

patients had higher CD154 expressed T cells than health control. The short-term calcium

influx response after T cell activation can be inhibited after TNF blockade treatment in RA

Fig 4. Relationship between baseline CD154 expression and clinical outcome after TNF-α blockade

treatment in RA patients. (A) The correlation between the baseline CD154 expression levels (% CD154 of

gated CD4+ T cells measured by flow cytometry) and the change of RA disease activity index DAS28 after

TNF-α blockade treatment for 3 months. (B) Comparison of baseline CD154 expression levels between RA

patients with and without low disease activity (DAS28 <3.2) after TNF-α blockade treatment. (C) The

correlation between the baseline CD154 expression levels and the RA disease activity index DAS28 after

3-month TNF-α blockade treatment.

https://doi.org/10.1371/journal.pone.0183726.g004
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patients [23]. In addition, treatment with TNF blockade in RA patients can reduce the serum

levels of IL-15 [24]. Therefore, in our study, the decrease in CD154 expression after TNF

blockade may be due to a decrease in calcium response and serum IL-15 after treatment.

The previous studies showed that CD154 expression was higher in RA patients with higher

disease activity [9,14]. This was consistent with our results showing that that CD154 expression

was positively correlated with disease activity and inflammatory marker CRP. An anti-inflam-

matory effect of TNF-α blockade with decreased pro-inflammatory cytokines, such as IL-1, IL-

6, IL-8 and IL-15, has been proposed [24–26]. After TNF-α blockade, lower extrinsic cytokine

stimulation to T cells may induce lower CD154 expression. Furthermore, TNF-α itself could

costimulate TCR mediated T cell activation and thereby augment T cell proliferation, expres-

sion of activation marker and cytokine secretion [27,28]. One study in patients with Crohn

disease revealed that TNF-α blockade (infliximab) could directly attenuate post-stimulated T

cell CD154 expression in vitro and promote T cell apoptosis [13]. Therefore the TNF-α block-

ade may directly reduce T cell capacity of CD154 expression in patients with Crohn disease.

However in our ex vivo study, the capacity of CD154 expression in T cells was not inhibited in

RA patients receiving TNF blockade treatment (etanercept). The difference may be due to dif-

ferent disease groups and treatment biologics. In addition, TNF-α could diminish Foxp3 syn-

thesis and inhibit suppressive function of regulatory T cells [29]. TNF-α blockade treatment

could induce a distinct population of CD62L- regulatory T cells and restore the defective sup-

pressive capacity of CD4+CD25high regulatory T cells in RA [29,30]. Regulatory T cell had an

essential role in maintain homeostasis and suppress autoimmune [31]. The regulatory T cells

could attenuate effector T cell proliferation and activation. Therefore, those extrinsic anti-

inflammatory processes of TNF-α blockade may cause lower CD154 expression in our RA

patients without impairing T cell capacity to express CD154 after stimulation ex vivo.

Rheumatoid arthritis specific autoantibody had been showed having a pathogenic role and

increased TNF-α synthesis from macrophage in dose dependent manner [32,33]. The presence

of anti-CCP antibody is associated with higher disease severity and radiological erosion

[34,35]. It is evident that after TNF-α blockade treatment, the levels of anti-CCP antibodies

decrease [35,36]. Consisting with our study, the serum titers of anti-CCP antibodies were sig-

nificantly reduced after TNF-α blockade for 3 months. To date, the underlying mechanisms

that anti-CCP antibody levels decreased after TNF-α blockade treatment were unclear. CD154

was a critical factor for antibody synthesis. CD40-CD154 signaling was important for the pro-

duction of anti-CCP antibodies by peripheral blood B cells in vitro [37]. In our study, the

CD154 and anti-CCP antibody level both decreased after TNF-α blockade treatment (Fig 1A

and 1D). However, we investigated the correlation between the levels of CD154 expression

and the anti-CCP antibody levels and found no significance (Fig 2C). This result may be due

to that only 19 patients in our study had positive anti-CCP antibody and we excluded the

patients with anti-CCP antibody >340 U/ml because 340 U/ml is the highest concentration we

can test for anti-CCP antibody. More advanced test methods and larger study population may

help us to assess the correlation in the future.

The previous study found that CD154 expression decreased after conventional DMARD

treatment [9]. In our study, the CD154 levels were positively correlated with RA disease activ-

ity (Fig 2A). The CD154 expression can be induced after stimulation in T cells from RA

patients under TNF-α blockade treatment (Fig 3C). Therefore down modulation of CD154

was not specifically related to TNF-α blockade treatment and was related to decreased disease

activity. Higher CD154 expression in RA patients may indicate the higher activity and resis-

tance to current therapy.

In the previous study, change of CD154 expression after treatment can be used to predict x-

ray progression in RA patients [38]. Besides, higher CD154 expression could predict clinical
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efficacy of spondyloarthropathy patients with TNF-α blockade treatment [39]. In our study,

higher baseline CD154 expression can predict better TNF-α blockade treatment response (Fig

4A). However, the baseline CD154 can’t be used to predict the low disease activity in 3-months

TNF-α blockade treatment (Fig 4B). The post-treatment patients with low disease activity had

lower baseline CD154 levels but not significant. These results may be due to short treatment

duration in our study and only 3 patients achieved low disease activity status. The CD154

expression was positively correlated with RA disease activity (Fig 2A). Therefore, the patients

with lower CD154 expression may be more likely to achieve remission and those with relapse

may have higher CD154 levels comparing with that before relapse. Previous studies revealed

RA patients with higher disease activity had better response to TNF-α blockade treatment

[40]. Hence, higher baseline CD154 levels in RA patients indicated higher disease activity and

better response to treatment in our study.

In conclusion, TNF-α blockade treatment significantly decreased the expression of CD154

on CD4+ T cells and attenuated clinical disease activity and anti-CCP antibody in RA patients.

However, CD154 expression of post-stimulated T cell was similar, irrespective of TNF-α
blockade. These results suggest that TNF-α blockade is likely to play an immune modulating

role on CD154 expression through reducing external proinflammatory stimulation and T cell

activation.

Supporting information

S1 Table. Demographic data and laboratory results.

(XLS)

Author Contributions

Conceptualization: Chien-Hsueh Tung.

Data curation: Chien-Hsueh Tung, Ming-Chi Lu.

Formal analysis: Chien-Hsueh Tung.

Investigation: Ning-Sheng Lai.

Methodology: Chien-Hsueh Tung, Ming-Chi Lu.

Resources: Ming-Chi Lu, Ning-Sheng Lai.

Supervision: Shu-Fen Wu.

Validation: Chien-Hsueh Tung.

Writing – original draft: Chien-Hsueh Tung, Shu-Fen Wu.

Writing – review & editing: Chien-Hsueh Tung, Shu-Fen Wu.

References
1. Shiozawa S, Shiozawa K, Fujita T. Morphologic observations in the early phase of the cartilage-pannus

junction. Light and electron microscopic studies of active cellular pannus. Arthritis Rheum 1983; 26

(4):472–478. PMID: 6838672

2. Klareskog L, van der Heijde D, de Jager JP, Gough A, Kalden J, Malaise M, Martin Mola E, et al. Thera-

peutic effect of the combination of etanercept and methotrexate compared with each treatment alone in

patients with rheumatoid arthritis: double-blind randomised controlled trial. Lancet 2004; 363

(9410):675–681. https://doi.org/10.1016/S0140-6736(04)15640-7 PMID: 15001324

3. Keystone EC, Kavanaugh AF, Sharp JT, Tannenbaum H, Hua Y, Teoh LS, et al. Radiographic, clinical,

and functional outcomes of treatment with adalimumab (a human anti-tumor necrosis factor monoclonal

TNF-α blockade decreased CD154 in RA

PLOS ONE | https://doi.org/10.1371/journal.pone.0183726 August 24, 2017 10 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0183726.s001
http://www.ncbi.nlm.nih.gov/pubmed/6838672
https://doi.org/10.1016/S0140-6736(04)15640-7
http://www.ncbi.nlm.nih.gov/pubmed/15001324
https://doi.org/10.1371/journal.pone.0183726


antibody) in patients with active rheumatoid arthritis receiving concomitant methotrexate therapy: a ran-

domized, placebo-controlled, 52-week trial. Arthritis Rheum 2004; 50(5):1400–1411. https://doi.org/10.

1002/art.20217 PMID: 15146409

4. Lipsky PE, van der Heijde DM, St Clair EW, Furst DE, Breedveld FC, Kalden JR, et al. Infliximab and

methotrexate in the treatment of rheumatoid arthritis. Anti-Tumor Necrosis Factor Trial in Rheumatoid

Arthritis with Concomitant Therapy Study Group. N Engl J Med 2000; 343(22):1594–1602. https://doi.

org/10.1056/NEJM200011303432202 PMID: 11096166

5. Chu CQ, Field M, Feldmann M, Maini RN. Localization of tumor necrosis factor alpha in synovial tissues

and at the cartilage-pannus junction in patients with rheumatoid arthritis. Arthritis Rheum 1991; 34

(9):1125–1132. PMID: 1930331

6. Schonbeck U, Libby P. The CD40/CD154 receptor/ligand dyad. Cell Mol Life Sci 2001; 58(1):4–43.

PMID: 11229815

7. van Kooten C, Banchereau J. CD40-CD40 ligand. J Leukoc Biol 2000; 67(1):2–17. PMID: 10647992

8. Koshy M, Berger D, Crow MK. Increased expression of CD40 ligand on systemic lupus erythematosus

lymphocytes. J Clin Invest 1996; 98(3):826–837. https://doi.org/10.1172/JCI118855 PMID: 8698875

9. Berner B, Wolf G, Hummel KM, Muller GA, Reuss-Borst MA. Increased expression of CD40 ligand

(CD154) on CD4+ T cells as a marker of disease activity in rheumatoid arthritis. Ann Rheum Dis 2000;

59(3):190–195. https://doi.org/10.1136/ard.59.3.190 PMID: 10700427

10. Toubi E, Shoenfeld Y. The role of CD40-CD154 interactions in autoimmunity and the benefit of disrupt-

ing this pathway. Autoimmunity 2004; 37(6–7):457–464. https://doi.org/10.1080/08916930400002386

PMID: 15621572

11. Goules A, Tzioufas AG, Manousakis MN, Kirou KA, Crow MK, Routsias JG. Elevated levels of soluble

CD40 ligand (sCD40L) in serum of patients with systemic autoimmune diseases. J Autoimmun 2006;

26(3):165–171. https://doi.org/10.1016/j.jaut.2006.02.002 PMID: 16621447

12. Lin Q, Lin Z, Gu J, Huang F, Li T, Wei Q, et al. Abnormal high-expression of CD154 on T lymphocytes of

ankylosing spondylitis patients is down-regulated by etanercept treatment. Rheumatol Int 2010; 30

(3):317–323. https://doi.org/10.1007/s00296-009-0958-8 PMID: 19466423

13. Danese S, Sans M, Scaldaferri F, Sgambato A, Rutella S, Cittadini A, et al. TNF-alpha blockade down-

regulates the CD40/CD40L pathway in the mucosal microcirculation: a novel anti-inflammatory mecha-

nism of infliximab in Crohn’s disease. J Immunol 2006; 176(4):2617–2624. PMID: 16456024

14. Liu MF, Chao SC, Wang CR, Lei HY. Expression of CD40 and CD40 ligand among cell populations

within rheumatoid synovial compartment. Autoimmunity 2001; 34(2):107–113. PMID: 11905840

15. MacDonald KP, Nishioka Y, Lipsky PE, Thomas R. Functional CD40 ligand is expressed by T cells in

rheumatoid arthritis. J Clin Invest 1997; 100(9):2404–2414. https://doi.org/10.1172/JCI119781 PMID:

9410920

16. Casamayor-Palleja M, Khan M, MacLennan IC. A subset of CD4+ memory T cells contains preformed

CD40 ligand that is rapidly but transiently expressed on their surface after activation through the T cell

receptor complex. J Exp Med 1995; 181(4):1293–1301. PMID: 7699321

17. Brunner M, Zhang M, Genin A, Ho IC, Cron RQ. A T-cell-specific CD154 transcriptional enhancer

located just upstream of the promoter. Genes Immun 2008; 9(7):640–649. https://doi.org/10.1038/

gene.2008.67 PMID: 18719603

18. Schubert LA, King G, Cron RQ, Lewis DB, Aruffo A, Hollenbaugh D. The human gp39 promoter. Two

distinct nuclear factors of activated T cell protein-binding elements contribute independently to tran-

scriptional activation. J Biol Chem 1995; 270(50):29624–29627. PMID: 8530342

19. Lowe RM, Genin A, Orgun N, Cron RQ. IL-15 prolongs CD154 expression on human CD4 T cells via

STAT5 binding to the CD154 transcriptional promoter. Genes Immun 2014; 15(3):137–144. https://doi.

org/10.1038/gene.2014.3 PMID: 24500400

20. Liu S, Watanabe S, Shudou M, Kuno M, Miura H, Maeyama K. Upregulation of store-operated Ca(2+)

entry in the naive CD4(+) T cells with aberrant cytokine releasing in active rheumatoid arthritis. Immunol

Cell Biol 2014; 92(9):752–760. https://doi.org/10.1038/icb.2014.45 PMID: 24935456

21. Gonzalez-Alvaro I, Ortiz AM, Garcia-Vicuna R, Balsa A, Pascual-Salcedo D, Laffon A. Increased serum

levels of interleukin-15 in rheumatoid arthritis with long- term disease. Clin Exp Rheumatol 2003; 21

(5):639–642. PMID: 14611115

22. Petrovic-Rackov L, Pejnovic N. Clinical significance of IL-18, IL-15, IL-12 and TNF-alpha measurement

in rheumatoid arthritis. Clin Rheumatol 2006; 25(4):448–452. https://doi.org/10.1007/s10067-005-

0106-0 PMID: 16362448

23. Szalay B, Cseh A, Meszaros G, Kovacs L, Balog A, Vasarhelyi B. The impact of DMARD and anti-TNF

therapy on functional characterization of short-term T-cell activation in patients with rheumatoid arthritis

TNF-α blockade decreased CD154 in RA

PLOS ONE | https://doi.org/10.1371/journal.pone.0183726 August 24, 2017 11 / 12

https://doi.org/10.1002/art.20217
https://doi.org/10.1002/art.20217
http://www.ncbi.nlm.nih.gov/pubmed/15146409
https://doi.org/10.1056/NEJM200011303432202
https://doi.org/10.1056/NEJM200011303432202
http://www.ncbi.nlm.nih.gov/pubmed/11096166
http://www.ncbi.nlm.nih.gov/pubmed/1930331
http://www.ncbi.nlm.nih.gov/pubmed/11229815
http://www.ncbi.nlm.nih.gov/pubmed/10647992
https://doi.org/10.1172/JCI118855
http://www.ncbi.nlm.nih.gov/pubmed/8698875
https://doi.org/10.1136/ard.59.3.190
http://www.ncbi.nlm.nih.gov/pubmed/10700427
https://doi.org/10.1080/08916930400002386
http://www.ncbi.nlm.nih.gov/pubmed/15621572
https://doi.org/10.1016/j.jaut.2006.02.002
http://www.ncbi.nlm.nih.gov/pubmed/16621447
https://doi.org/10.1007/s00296-009-0958-8
http://www.ncbi.nlm.nih.gov/pubmed/19466423
http://www.ncbi.nlm.nih.gov/pubmed/16456024
http://www.ncbi.nlm.nih.gov/pubmed/11905840
https://doi.org/10.1172/JCI119781
http://www.ncbi.nlm.nih.gov/pubmed/9410920
http://www.ncbi.nlm.nih.gov/pubmed/7699321
https://doi.org/10.1038/gene.2008.67
https://doi.org/10.1038/gene.2008.67
http://www.ncbi.nlm.nih.gov/pubmed/18719603
http://www.ncbi.nlm.nih.gov/pubmed/8530342
https://doi.org/10.1038/gene.2014.3
https://doi.org/10.1038/gene.2014.3
http://www.ncbi.nlm.nih.gov/pubmed/24500400
https://doi.org/10.1038/icb.2014.45
http://www.ncbi.nlm.nih.gov/pubmed/24935456
http://www.ncbi.nlm.nih.gov/pubmed/14611115
https://doi.org/10.1007/s10067-005-0106-0
https://doi.org/10.1007/s10067-005-0106-0
http://www.ncbi.nlm.nih.gov/pubmed/16362448
https://doi.org/10.1371/journal.pone.0183726


—a follow-up study. PLoS One 2014; 9(8):e104298. https://doi.org/10.1371/journal.pone.0104298

PMID: 25098248

24. Ichikawa T, Kageyama Y, Kobayashi H, Kato N, Tsujimura K, Koide Y. Etanercept treatment reduces

the serum levels of interleukin-15 and interferon-gamma inducible protein-10 in patients with rheuma-

toid arthritis. Rheumatol Int 2010; 30(6):725–730. https://doi.org/10.1007/s00296-009-1356-y PMID:

20062995

25. Charles P, Elliott MJ, Davis D, Potter A, Kalden JR, Antoni C, et al. Regulation of cytokines, cytokine

inhibitors, and acute-phase proteins following anti-TNF-alpha therapy in rheumatoid arthritis. J Immunol

1999; 163(3):1521–1528. PMID: 10415055

26. Lun SW, Wong CK, Tam LS, Li EK, Lam CW. Decreased ex vivo production of TNF-alpha and IL-8 by

peripheral blood cells of patients with rheumatoid arthritis after infliximab therapy. Int Immunopharmacol

2007; 7(13):1668–1677. https://doi.org/10.1016/j.intimp.2007.08.021 PMID: 17996676

27. Aspalter RM, Eibl MM, Wolf HM. Regulation of TCR-mediated T cell activation by TNF-RII. J Leukoc

Biol 2003; 74(4):572–582. https://doi.org/10.1189/jlb.0303112 PMID: 12960285

28. Chatzidakis I, Mamalaki C. T cells as sources and targets of TNF: implications for immunity and autoim-

munity. Curr Dir Autoimmun 2010; 11:105–118. https://doi.org/10.1159/000289200 PMID: 20173390

29. Valencia X, Stephens G, Goldbach-Mansky R, Wilson M, Shevach EM, Lipsky PE. TNF downmodu-

lates the function of human CD4+CD25hi T-regulatory cells. Blood 2006; 108(1):253–261. https://doi.

org/10.1182/blood-2005-11-4567 PMID: 16537805

30. Nadkarni S, Mauri C, Ehrenstein MR. Anti-TNF-alpha therapy induces a distinct regulatory T cell popu-

lation in patients with rheumatoid arthritis via TGF-beta. J Exp Med 2007; 204(1):33–39. https://doi.org/

10.1084/jem.20061531 PMID: 17200409

31. Lourenco EV, La Cava A. Natural regulatory T cells in autoimmunity. Autoimmunity 2011; 44(1):33–42.

https://doi.org/10.3109/08916931003782155 PMID: 21091291

32. Clavel C, Nogueira L, Laurent L, Iobagiu C, Vincent C, Sebbag M, et al. Induction of macrophage secre-

tion of tumor necrosis factor alpha through Fcgamma receptor IIa engagement by rheumatoid arthritis-

specific autoantibodies to citrullinated proteins complexed with fibrinogen. Arthritis Rheum 2008; 58

(3):678–688. https://doi.org/10.1002/art.23284 PMID: 18311806

33. Lu MC, Lai NS, Yu HC, Huang HB, Hsieh SC, Yu CL. Anti-citrullinated protein antibodies bind surface-

expressed citrullinated Grp78 on monocyte/macrophages and stimulate tumor necrosis factor alpha

production. Arthritis Rheum 2010; 62(5):1213–1223. https://doi.org/10.1002/art.27386 PMID:

20213805

34. Kroot EJ, de Jong BA, van Leeuwen MA, Swinkels H, van den Hoogen FH, van’t Hof M, et al. The prog-

nostic value of anti-cyclic citrullinated peptide antibody in patients with recent-onset rheumatoid arthritis.

Arthritis Rheum 2000; 43(8):1831–1835. https://doi.org/10.1002/1529-0131(200008)43:8<1831::AID-

ANR19>3.0.CO;2-6 PMID: 10943873

35. Alessandri C, Bombardieri M, Papa N, Cinquini M, Magrini L, Tincani A, et al. Decrease of anti-cyclic

citrullinated peptide antibodies and rheumatoid factor following anti-TNFalpha therapy (infliximab) in

rheumatoid arthritis is associated with clinical improvement. Ann Rheum Dis 2004; 63(10):1218–1221.

https://doi.org/10.1136/ard.2003.014647 PMID: 15361374

36. Cuchacovich M, Catalan D, Wainstein E, Gatica H, Soto L, Aravena O, et al. Basal anti-cyclic citrulli-

nated peptide (anti-CCP) antibody levels and a decrease in anti-CCP titres are associated with clinical

response to adalimumab in rheumatoid arthritis. Clin Exp Rheumatol 2008; 26(6):1067–1073. PMID:

19210871

37. Reparon-Schuijt CC, van Esch WJ, van Kooten C, Schellekens GA, de Jong BA, van Venrooij WJ, et al.

Secretion of anti-citrulline-containing peptide antibody by B lymphocytes in rheumatoid arthritis. Arthritis

Rheum 2001; 44(1):41–47. https://doi.org/10.1002/1529-0131(200101)44:1<41::AID-ANR6>3.0.

CO;2-0 PMID: 11212174

38. Wagner C, Chen D, Fan H, Hsia EC, Mack M, Emery P, et al. Evaluation of serum biomarkers associ-

ated with radiographic progression in methotrexate-naive rheumatoid arthritis patients treated with

methotrexate or golimumab. J Rheumatol 2013; 40(5):590–598. https://doi.org/10.3899/jrheum.

120889 PMID: 23457387

39. Lin Z, Lin Q, Liao Z, Li Q, Zhang F, Wei Q, et al. Higher percentage of CD3(+)CD154(+) T lymphocytes

predicts efficacy of TNF-alpha inhibitors in active axial SpA patients. Inflammation 2014; 37(6):2056–

2061. https://doi.org/10.1007/s10753-014-9938-6 PMID: 24912812

40. Vastesaeger N, Kutzbach AG, Amital H, Pavelka K, Lazaro MA, Moots RJ, et al. Prediction of remission

and low disease activity in disease-modifying anti-rheumatic drug-refractory patients with rheumatoid

arthritis treated with golimumab. Rheumatology (Oxford) 2016; 55(8):1466–1476.

TNF-α blockade decreased CD154 in RA

PLOS ONE | https://doi.org/10.1371/journal.pone.0183726 August 24, 2017 12 / 12

https://doi.org/10.1371/journal.pone.0104298
http://www.ncbi.nlm.nih.gov/pubmed/25098248
https://doi.org/10.1007/s00296-009-1356-y
http://www.ncbi.nlm.nih.gov/pubmed/20062995
http://www.ncbi.nlm.nih.gov/pubmed/10415055
https://doi.org/10.1016/j.intimp.2007.08.021
http://www.ncbi.nlm.nih.gov/pubmed/17996676
https://doi.org/10.1189/jlb.0303112
http://www.ncbi.nlm.nih.gov/pubmed/12960285
https://doi.org/10.1159/000289200
http://www.ncbi.nlm.nih.gov/pubmed/20173390
https://doi.org/10.1182/blood-2005-11-4567
https://doi.org/10.1182/blood-2005-11-4567
http://www.ncbi.nlm.nih.gov/pubmed/16537805
https://doi.org/10.1084/jem.20061531
https://doi.org/10.1084/jem.20061531
http://www.ncbi.nlm.nih.gov/pubmed/17200409
https://doi.org/10.3109/08916931003782155
http://www.ncbi.nlm.nih.gov/pubmed/21091291
https://doi.org/10.1002/art.23284
http://www.ncbi.nlm.nih.gov/pubmed/18311806
https://doi.org/10.1002/art.27386
http://www.ncbi.nlm.nih.gov/pubmed/20213805
https://doi.org/10.1002/1529-0131(200008)43:8<1831::AID-ANR19>3.0.CO;2-6
https://doi.org/10.1002/1529-0131(200008)43:8<1831::AID-ANR19>3.0.CO;2-6
http://www.ncbi.nlm.nih.gov/pubmed/10943873
https://doi.org/10.1136/ard.2003.014647
http://www.ncbi.nlm.nih.gov/pubmed/15361374
http://www.ncbi.nlm.nih.gov/pubmed/19210871
https://doi.org/10.1002/1529-0131(200101)44:1<41::AID-ANR6>3.0.CO;2-0
https://doi.org/10.1002/1529-0131(200101)44:1<41::AID-ANR6>3.0.CO;2-0
http://www.ncbi.nlm.nih.gov/pubmed/11212174
https://doi.org/10.3899/jrheum.120889
https://doi.org/10.3899/jrheum.120889
http://www.ncbi.nlm.nih.gov/pubmed/23457387
https://doi.org/10.1007/s10753-014-9938-6
http://www.ncbi.nlm.nih.gov/pubmed/24912812
https://doi.org/10.1371/journal.pone.0183726

