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Abstract

The predominance of the effector mechanisms by CD4 +T cells is a characteristic of inflammatory autoimmune diseases
such as rheumatoid arthritis (RA). The CD40/CD40L costimulatory pathway contributes to these pathogenic mechanisms
by promoting autoantibody production and inflammation. Aberrant expression of CD40 and CD40L in RA patients has been
shown, the latter prevailing in females. However, contrasting results have emerged regarding the clinical associations of
these findings. We determined the association of CD40 and CD40L expression with the clinical activity evaluated through
DAS28 in RA patients. A total of 38 female RA patients and 10 age- and sex-matched control subjects were included. CD40
and CD40L mRNA expression was quantified by real-time qPCR, cell surface proteins were determined by flow cytometry,
and protein soluble forms were determined by ELISA. The expansion of a CD4 + T cell subpopulation expressing CD40
was identified in the RA group. In addition, high frequencies of CD4 + CD40L + T cells expressing high levels of CD40L,
increased levels of sCD40L and overexpression of CD40L mRNA were observed in these patients. Moreover, there was a
gradual increase in CD40L when data were stratified according to DAS28, except for very active patients. No correlation
was observed between the levels of mRNA, cell surface protein and soluble protein of CD40 and CD40L with the clinical
features of RA patients. There is an altered expression of CD40L in female RA patients in association with clinical activity
assessed by DAS28, these findings support the evidence that suggests CD40L as a marker of clinical activity.
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Introduction ratio 3:1) [1]. An important feature in the pathogenesis of

RA is the overactivation and proliferation of autoreactive

Rheumatoid arthritis (RA) is a chronic inflammatory auto-
immune disease characterized by synovial inflammation of
arthrodial joints. This disease affects ~ 1% of the population
worldwide with a predominance in females (female/male
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CD4 +T cells, which are directly involved in B cell activa-
tion and autoantibody production. In addition, the expansion
of effector CD4 4T cells, mainly the Th1 and Th17 cell sub-
sets, contributes greatly to the high levels of proinflamma-
tory cytokines observed in these patients. In the long term,
these are key events that maintain a chronic inflammatory
state that culminates in cartilage and bone damage and sys-
temic complications [2, 3]. One of the main costimulatory
pathways involved in the positive feedback that maintains
inflammation in RA is the CD40/CD40L engagement. CD40
is a well-characterized costimulatory molecule expressed by
professional antigen-presenting cells that recognize CD40L,
which is mainly expressed on activated CD4 + T cells. How-
ever, upon inflammatory stimulus, both molecules can be
upregulated in several other cell types including other leuko-
cytes, endothelial cells, fibroblasts and platelets [4]. In RA,
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CD40/CD40L signals promote autoantibody production and
class switching as well as the expression of proinflamma-
tory cytokines, chemokines, adhesion molecules and other
costimulatory molecules. Moreover, this pathway is directly
involved in tissue damage by stimulating the expression of
matrix metalloproteinases (MMP) and the receptor activator
of NF-kB ligand (RANKL) [5].

Like other members of the TNF family, CD40 and CD40L
have been shown to be released in a soluble form [6-10].
Both molecules are cleaved by proteolytic mechanisms and
soluble CD40 (sCD40) is also produced by alternative splic-
ing [11], although the mechanisms regulating its expression
are not well understood. It is suggested that sCD40 acts as
a decoy receptor, whereas soluble CD40L (sCD40L) has
cytokine-like properties.

Currently, overexpression of CD40L mRNA and cell sur-
face protein has been reported in synovial tissue of patients
with RA [12-14]. Likewise, high frequencies of CD4+T
cells expressing CD40L [15, 16] as well as high levels of
sCD40L have been detected in the periphery of RA patients
[17-19]. It is suggested that CD40L dysregulation may
be exacerbated in female patients due to the coding of the
CD40L gene on the X chromosome [20]. However, there are
conflicting results regarding CD40L expression in associa-
tion with the clinical features of RA patients, probably due
to the heterogeneity of the patients studied.

High CD40 mRNA expression has also been reported
in synovial tissue of RA patients [14]. However, to date,
there are no studies assessing neither serum sCD40 levels
nor the expression of the membrane-bound form in CD4+ T
cells of RA patients. There are some studies suggesting that
the assessment of these CD40 protein forms is relevant in
autoimmune diseases. Elevated levels of sCD40 have been
reported in patients with systemic lupus erythematosus [21],
and the expansion of a population of CD4 + T cells express-
ing CD40 in patients with type 1 diabetes [22] and patients
with multiple sclerosis [23] has been described. The assess-
ment of mRNA, cell surface protein and soluble protein lev-
els of CD40 and CD40L in a homogeneous group of patients
is an approach that could yield useful data regarding the
CD40/CD40L axis and its clinical relevance in RA.

In the present study, we determined mRNA, cell surface
protein and soluble protein levels of CD40 and CD40L in
association with clinical activity according to DAS28 and
with the clinical features of RA patients.

Materials and methods
Subjects

A total of 38 female RA patients classified according to the
2010 American College of Rheumatology (ACR), and the
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European League Against Rheumatism (EULAR) criteria
were recruited from Rheumatology Service of O.P.D. Hos-
pital Civil de Guadalajara “Fray Antonio Alcalde,” Guadala-
jara, Jalisco, Mexico. Patients with other rheumatic, inflam-
matory and infectious diseases were excluded. The control
subjects (CS) group was formed by a total of 10 gender- and
age-matched healthy individuals.

Clinical assessment

All patients were evaluated by a rheumatologist, and the
clinical and demographic data were obtained. Clinical activ-
ity was assessed by the Disease Activity Score 28 (DAS28)
considering C reactive protein (CRP) values. Accord-
ing to DAS28 score, patients were stratified in remission
(DAS28 <2.6; n=10), low activity (DAS28>2.6<3.2;
n=9), moderate activity (DAS28>3.2<5.1; n=10) and
high activity (DAS28 >5.1; n=9). Functional disability was
evaluated by the Spanish version of the Health Assessment
Questionnaire-Disability Index (HAQ-DI). From a periph-
eral blood sample, the following clinical parameters were
determined in all subjects: the erythrocyte sedimentation
rate (ESR) was determined by the Wintrobe method; levels
of CRP and rheumatoid factor (RF) were quantified using
a turbidimetric assay (COD31029 and COD31030, respec-
tively; Biosystems, Spain); anti-cyclic citrullinated peptide
(anti-CCP) antibodies were quantified by a second-gener-
ation ELISA assay, following manufacturer’s instructions
(FCCP600; DIASTAT, Axis-Shield Diagnostics, UK).

Quantitative mRNA expression analysis

The CD40 and CD40L mRNA relative expression was
determined by real-time quantitative PCR (qPCR). Total
RNA extraction was performed from peripheral blood leu-
kocytes following the modified Chomczynski and Sacchi
method [24] using TRIzol™ reagent (Thermo Fisher Sci-
entific, Waltham, Massachusetts, USA). Complementary
DNA (cDNA) was synthesized from 1 pg of total RNA
using Oligo(dT) and M-MLYV reverse transcriptase (Pro-
mega Corp., Madison, WI, USA), following manufacturer’s
protocol; cDNA samples were stored at — 80 °C until use.
PCR was carried out in a LightCycler® 96 (Roche Applied
Science, Penzberg, Germany) instrument using FastStart
Essential DNA Green Master kit (Roche Applied Science).
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was
used as a reference gene in order to normalize CD40 and
CD40L data. Primers used for each gene were GAPDH,
forward: 5' CAC TGC CAC CCA GAA GAC TGT G 3/,
reverse: 5' TGT AGG CCA TGA GGT CCA CCA C 37
CD40, forward: 5' CAG TCA GTG CTG TTC TTT GT 3/,
reverse: 5" GAT GGT GTC TGT TTC TGA GG 3'; CD40L,
forward: 5" CCT CAA ATT GCG GCA CA 3/, reverse: 5’
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AAC AGA AGG TGA CTT GGG CAT A 3'. All PCR was
run in duplicate. A melting curve analysis was performed
after each PCR in order to determine the reaction’s specific-
ity. The PCR efficiency for each gene was validated by run-
ning serial dilutions. The results obtained were analyzed by
the 2724 comparative method [25].

Flow cytometry

Peripheral blood samples were obtained in tubes containing
EDTA, and peripheral blood mononuclear cells (PBMC)
were collected by a density gradient centrifugation proto-
col using Lymphoprep reagent (Axis-Shield Diagnostics,
UK) and following manufacturer’s instructions. PBMC
were suspended in RPMI 1640 medium (Life Technologies,
Carlsbad, CA, USA; ATCC modified) with 20% fetal bovine
serum (Life Technologies) and 10% dimethyl sulfoxide
(Sigma-Aldrich Co., St. Louis, MO, USA) in a total volume
of 1 mL and stored at — 80 °C until use.

For staining procedure, PBMC were thawed carefully
and washed once with 9 mL of RPMI1640 medium (Life
Technologies) followed by an additional wash with 4 mL
of phosphate-buffered saline (PBS) solution 1 X (Sigma-
Aldrich Co.). Cells were suspended in 1 mL of PBS 1 X

and checked for viability in a Neubauer chamber using
trypan blue (Sigma-Aldrich Co.). A 4-color flow cytom-
etry staining protocol was performed to analyze the CD40
and CD40L expression on gated CD4 + T cells using the
following panel of monoclonal antibodies (Biolegend
Inc., San Diego, CA, USA): APC/Cy7 anti-CD3 (Clone
UCTH1), Alexa 488 anti-CD4 (Clone RPA-T4), APC anti-
CD40 (Clone 5C3) and PE anti-CD40L (Clone 24-31).
Isotype control IgG antibodies conjugated with the same
fluorochromes were used as a negative control (Biolegend
Inc., San Diego, CA, USA). In order to accurately identify
CDA40- and CD40L-positive events, the fluorescence minus
one experiment was included as an additional negative
control. Samples were analyzed in the acoustic focusing
Attune® NxT flow cytometer (Life Technologies). The data
obtained were analyzed using FlowJo software v10.0 (Tree
Star, Inc., Ashland, Oregon, USA). First, lymphocytes
were gated according to their forward scatter (FC) and
side scatter (SS) characteristics. Then, further gates were
placed around CD3 + CD4 + T cells, and subsequently,
the CD40 and CD40L expression was evaluated. Gating
strategy and assessment of CD40L positive expression are
shown in Fig. 1.
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Fig. 1 CD40L expression assessment by flow cytometry. The figure shows the gating strategy for the analysis of CD40L expression in CD4+T
cells as well as the comparison between a positive CD40L sample and the fluorescence minus one (FMO) negative control
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Quantification of sCD40 and sCD40L

Serum and plasma samples were obtained from peripheral
blood of RA patients and control subjects in order to deter-
mine sCD40 and sCD40L levels, respectively. Samples
were stored at —20 °C until use. The sCD40 and sCD40L
levels were quantified using a commercial enzyme-linked
immunosorbent assay (ELISA) kit (R&D Systems, Minne-
apolis, MN, USA), following the manufacturer’s protocol.
The CD40 assay has a detection range of 19.5-1250 pg/mL
and a sensitivity of 0.54 pg/mL, while the CD40L assay has
a detection range of 62.5-4000 pg/mL and a sensitivity of
4.2 pg/mL.

Statistical analysis

Statistical analysis was carried out using STATA version
12.0 (StataCorp, College Station, TX, USA) and GraphPad
Prism version 5.0 (GraphPad Software, San Diego, CA,
USA) software. Variable distribution was determined using
Shapiro—Wilk normality test. Variables with a normal distri-
bution are presented in mean + standard deviation (SD), and
variables non-normally distributed are presented in median
and 5-95th centiles. Categorical variables are presented in
percentage and absolute frequency. Comparisons between
groups were performed using Student’s t and ANOVA tests
for parametric data or Mann—Whitney U and Kruskal-Wallis
tests for nonparametric data, respectively. Linear correlation
coefficients were determined using Spearman’s correlation
test. A p value of <0.05 was considered significant.

Results
Clinical features of RA patients

Clinical features of RA patients are summarized in Table 1.
The mean age was 48.2 +10.8 years, and the median of
disease evolution was 5.0 (0.9-22.5) years. The mean age
in the control group was 49.5 +10.8 years. Inflammation
markers were increased in RA patients [CRP=6.4 mg/L
(1.1-40.3); ESR=29.8 + 11.8 mm/h] with higher values of
CRP according to clinical activity (p <0.01); this was not the
case for ESR. The CRP and ESR values in the control group
were lower than those of RA patients [2.0 mg/L (0.4-3.8);
p<0.001 and 24 + 8.6 mm/h; p=0.15, respectively]. The
RA patients presented mild disability according to the Span-
ish HAQ-DI score and an average moderate clinical activity
according to DAS28 score (3.6 + 1.5). Most of the patients
showed positive and high positive values of RF and anti-
CCP antibodies (71.1% and 94.7%, respectively), with a
tendency to higher titers of RF in relation to the clinical
activity. All patients were under treatment with one or more
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disease-modifying anti-rheumatic drugs (DMARD:s) or bio-
logics in addition to nonsteroidal anti-inflammatory drugs
(NSAIDs) or low-dose steroids. Stratified according to clini-
cal activity, RA groups were similar in age, time of disease
evolution and treatment. RA patients with very active dis-
ease (DAS28>5.1) showed higher disability and the highest
values of ESR and autoantibodies.

CD40 and CD40L mRNA gene expression in RA
patients, association with clinical features
and disease activity according to DAS28

Relative mRNA quantification of CD40 and CD40L was per-
formed by qPCR, and data obtained were analyzed using
274C4 comparative method. Regarding CD40 mRNA levels,
there were no significant differences between RA patients
and CS. Similarly, when CD40 mRNA levels were stratified
according to DAS28 score, no differences were observed
between the RA clinical activity groups (data not shown).
On the other hand, as shown in Fig. 2a, RA patients showed
significantly higher CD40L mRNA expression compared
to CS (p<0.0001). Furthermore, when RA patients were
stratified according to DAS28 score and compared with CS,
CD40L mRNA expression was higher as the clinical activ-
ity increased (remission p =0.043; low activity p <0.0001;
moderate activity p =0.0004; high activity p =0.0068;
Fig. 3a). Nevertheless, RA patients classified as high clini-
cal activity showed a different behavior since CD40L mRNA
expression was similar to RA patients in remission state, as
depicted in Fig. 3a.

A linear correlation analysis was performed to identify an
association between the clinical features of RA patients and
the CD40 or CD40L mRNA levels. As shown in Table 2, no
significant correlations were identified regarding the time of
disease evolution, scores of clinical activity and disability,
levels of inflammation markers and titers of autoantibodies.

CD40 and CD40L cell surface expression on CD4+T
cells in RA patients and its association with RA
clinical features

Increased frequencies of the CD4+ CD40+T cell popula-
tion have been previously observed in autoimmune diseases
[22, 23]. These and other studies suggest that this cell popu-
lation has an increased cytokine-producing and cell acti-
vation capacity [26]. However, nowadays the frequency of
CD4+4CD40+T cells has not been reported for RA patients.
In contrast, the subpopulation of CD4 + CD40L + T cells
has been observed at low frequencies in peripheral blood
of healthy subjects; however, previous reports have shown
its expansion in some autoimmune diseases including RA
[5, 15, 16]. Nonetheless, there is no evidence regarding
CD4 +CD40L + T cell frequency in association with DAS28
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Table 1 Clinical and demographic features of RA patients
Variable RA (DAS28) p
RA total Remission Low Moderate High value
n=38 n=10 n=9 n=10 n=9
Demographics
Age (years)? 48.2+10.8 47.5+9.3 46.4+13.7 472489 51.7+£12.0 0.86"
Disease status
Disease evolution (years)b 5.0 7.0 4.0 3.5 7.0 0.56*
(0.9-22.5) (1.0-19.0) (0.5-27.0) (1.0-14.0) (1.0-22.0)
Clinical assessment
C reactive protein (mg/L)° 6.4 4.8 5.0 6.8 18.0 <0.01*
(1.1-40.3) (0.6-8.6) (2.2-65.5) (2.3-14.0) (4.2-39.0)
ESR (mm/h)* 29.8+11.8 29.8+8.4 26.8+9.7 272+14.6 35.7+13.1 0.23~
Spanish HAQ-DI score® 0.8 0.11 0.8 0.8 1.8 <0.001*
(0.0-2.4) (0.0-1.2) (0.0-1.6) (0.1-2.7) (1.0-2.4)
DAS28 score? 3.6+1.5 1.8+0.4 29+0.2 4.1+0.6 5.6+0.5 <0.00017
Rheumatoid factor (IU/mL)® 68.0 37.5 66.2 65.9 85.4 <0.001*
(4.4-98.3) (5.2-98.3) (4.5-93.9) (3.6-98.3) (5.3-98.1)
Rheumatoid factor®
Negative (<20 IU/mL) 28.9 (11) 40 (4) 33.3(3) 20 (2) 22.2(2)
Positive (>20 IU/mL) 13.2(5) 20 (2) 11.1 (1) 20 (2) 0.0 (0)
High positive (>60 IU/mL) 57.9 (22) 40 (4) 55.6 (5) 60 (6) 77.8 (7)
Anti-CCP (U/mL)° 330.4 277.0 354.2 271.4 4254 <0.0001*
(1.3-2011) (19.1-817.1) (0.5-1999) (10.6-2235) (192.9-1328)
Anti-CCP¢
Negative (<5 U/mL) 5.3(2) 0.0 (0) 22.2(2) 0.0 (0) 0.0 (0)
Positive (>5< 15 U/mL) 2.6 (1) 0.0 (0) 0.0 (0) 10.0 (1) 0.0 (0)
High positive (>15 U/mL) 92.1 (35) 100.0 (10) 77.8 (7) 90.0 (9) 100.0 (9)
Treatment®
NSAIDs 31.6 (12) 40.0 (4) 11.1 (1) 20.0 (2) 55.6 (5)
Steroids 2.6 (1) 0.0 (0) 11.1 (1) 0.0 (0) 0.0 (0)
DMARDs
Methotrexate 86.9 (33) 90.0 (9) 66.7 (6) 100.0 (10) 88.9 (8)
Sulfasalazine 76.3 (29) 80.0 (8) 55.6 (5) 80.0 (8) 88.9 (8)
Chloroquine 47.4 (18) 60.0 (6) 33.3(3) 50.0 (5) 44.4 (4)
Leflunomide 53(2) 0.0 (0) 222 (2) 0.0 (0) 0.0 (0)
Biologic 53(2) 0.0 (0) 22.2(2) 0.0 (0) 0.0 (0)

Anti-CCP anti-cyclic citrullinated peptide antibody, DAS28 disease activity score 28, DMARDs disease-modifying anti-rheumatic drugs, ESR
erythrocyte sedimentation rate, HAQ-DI Health Assessment Questionnaire-Disability Index, NSAIDs nonsteroidal anti-inflammatory drugs

Data provided in mean + SD; PData provided in median (p5—p95); “Data provided in percentages (n)

NANOVA test; *Kruskal-Wallis test, p values were obtained comparing clinical activity groups

stratification groups. In the present study, this approach was
evaluated in PBMC of RA patients and CS by a multicolor
flow cytometry assay.

The RA patients showed significantly higher frequencies
of CD4+ CD40+ T cells compared to CS (21.49% +2.14
vs. 11.26% +2.18; p=0.020) as well as an increased CD40
expression given by the MFI (4633 +94.13 vs. 4183 +96.63;
p=0.018). However, when stratified according to DAS28
score, no significant differences were observed between
the clinical activity groups (remission: 17.84% +2.71; low

activity: 26.25% +5.32; moderate activity: 16.89% +3.04;
high activity: 25.89% +5.54; p=0.41). Compared to CS, the
frequency of CD4 +CD40+T cells in the low activity group
was significantly increased (p =0.022).

Consistent with previous studies, the frequency of
CD4 + CDA40L + T cells was increased in RA patients com-
pared to CS (9.07% +0.79 vs. 5.79% +0.78; p=0.036).
The CD40L expression in this cell population was also
increased in the RA group (given by the MFI; p=0.007;
Fig. 2b). Moreover, RA patients showed a tendency toward
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Fig.2 CD40L levels in RA patients and control subjects (CS).
a Relative units of expression of CD40L mRNA; b representa-
tive dot plots of CD40L-expressing CD4+T cells and graphics of
CD4+CD40L+T cell frequencies and CD40L MFI from CD4+T

higher frequencies of CD4 4+ CD40L + T cells as the DAS28
score increased (remission: 7.17% + 1.03; low activity:
8.89% =+ 1.44; moderate activity: 9.48% + 1.47; high activ-
ity: 10.89% +2.24), as shown in representative dot plots
depicted in Fig. 3b; however, the differences between the
clinical activity groups were not significant (p =0.52). Only
a significant increase of CD4 + CD40L + T cells percentage
was observed in the high activity group compared to CS
(p=0.028). Likewise, an increased expression of CD40L
on CD4 +T cells was observed, being significant in low and
moderate activity groups compared to CS (p=0.022 and
p=0.015, respectively; Fig. 3b).

Considering a previous study reporting a higher frequency
of CD4+CDA40L +T cells in patients with early RA compared
with patients with established disease [16], this approach was
evaluated in the present study. Compared with patients with
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cells; ¢ levels of soluble CD40L (sCD40L). Data presented in
mean+SEM. Statistical comparisons between groups were deter-
mined using Mann—Whitney U test. * p<0.05; ** p<0.01; ***
p<0.0001. MFI: mean fluorescence intensity

established RA (>2-year evolution, n=30), early RA patients
(<2 years evolution, n=38) presented higher frequencies of
CD4 +CD40+T cells (18.40% +2.19 vs. 29.79% +4.60) and
CD4+CD40L +T cells (7.98% +0.69 vs. 10.99% +1.68),
being significant only for CD40-positive cells (p=0.02 and
p=0.12, respectively). In addition, a linear correlation analysis
of the CD4 + CD40+and CD4 + CD40L + T cell frequencies
with the clinical features of RA patients was performed. As
shown in Table 2, no significant correlations were observed.

Levels of sCD40 and sCD40L in RA patients and its
association with clinical features and disease
activity

The soluble form of the CD40 receptor, sCD40, has been
reported to be produced by alternative splicing mechanisms
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Fig.3 CD40L levels in RA patients stratified according to DAS28.
a Relative units of expression of CD40L mRNA; b representa-
tive dot plots of CD40L-expressing CD4+T cells and graphics of
CD4+CD40L+T cell frequencies and CD40L MFI from CD4+T
cells; ¢ levels of soluble CD40L (sCD40L). DAS28 groups: remis-

[11] as well as by proteolytic shedding [6]. Moreover, the
sCD40 molecule has been suggested to act as a natural
antagonistic decoy receptor. In order to identify a possi-
ble alteration regarding sCD40 in RA patients, the serum
levels of sCD40 from RA patients and CS were deter-
mined. RA patients showed higher levels of sCD40 com-
pared to CS, however, this difference was not significant
(510.2+17.15 pg/mL vs. 457.5+26.39 pg/mL; p=0.29).
Likewise, no differences were observed when stratify-
ing RA patients according to clinical activity (remission:

sion (<2.6), low activity (>2.6<3.2), moderate activity (>3.2<5.1),
high activity (>5.1). Data presented in mean + SEM. Statistical com-
parisons between groups were determined using Mann—Whitney U
test. * p<0.05; ** p<0.01; *** p<0.0001. CS: control subjects;
MEFI: mean fluorescence intensity

514.6 +31.11 pg/mL; low activity: 505.9 +53.91 pg/
mL; moderate activity: 493.2 +13.0 pg/mL; high activity:
528.5+36.45 pg/mL; p=0.79).

CDA40L is released by proteolytic shedding from the cell
surface of CD4 +T cells [10] and activated platelets [7, 9].
In the present study, plasma sCD40L levels were quantified
in RA patients and CS. Interestingly, as noted in mRNA and
surface protein levels, sCD40L was also found increased
in RA patients compared to controls (89.01 +7.23 pg/mL
vs. 54.34 +2.33 pg/mL; p=0.001), as shown in Fig. 2c.
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Table 2 Correlation of CD40 and CD40L levels (mRNA, membrane and soluble protein) with the clinical features of RA patients

Variable mRNA CD40 CD4+CD40+T cells sCD40

(271¢9) (%) (pg/mL)

Tg p Tg p Ty p
Disease evolution (years) -0.022 0.90 —0.115 0.49 0.014 0.93
DAS28 score 0.070 0.69 0.040 0.81 0.068 0.69
Spanish HAQ-DI score 0.193 0.27 0.075 0.65 -0.018 0.91
C reactive protein (mg/L) —0.003 0.99 -0.021 0.90 0.132 0.43
ESR (mm/h) 0.133 0.44 —0.053 0.75 0.006 0.97
Rheumatoid factor (IU/mL) 0.065 0.71 0.003 0.98 0.080 0.63
Anti-CCP (U/mL) 0.146 0.43 —0.069 0.68 —0.340 0.04
Variable mRNA CD40L CD4+CD40L +T cells sCD40L

(2749 (%) (pg/mL)

Ty p Ty p Ty p
Disease evolution (years) 0.086 0.63 —-0.026 0.88 —0.055 0.75
DAS28 score 0.074 0.67 0.235 0.16 0.075 0.66
Spanish HAQ-DI score 0.041 0.82 0.256 0.12 0.046 0.78
C reactive protein (mg/L) 0.229 0.19 0.232 0.16 -0.157 0.35
ESR (mm/h) 0.148 0.40 0.084 0.62 0.044 0.79
Rheumatoid factor (IU/mL) 0.133 0.45 0.080 0.63 —-0.106 0.52
Anti-CCP (U/mL) -0.127 0.49 -0.211 0.22 —0.240 0.17

Anti-CCP anti-cyclic citrullinated peptide antibody, DAS28 disease activity score 28, ESR erythrocyte sedimentation rate, HAQ-DI Health
Assessment Questionnaire-Disability Index, rs Spearman’s correlation coefficient

When stratified according to DAS28 score, all clinical
activity groups showed higher levels of sCD40L com-
pared to CS (remission: 74.43+9.79 pg/mL, p =0.049;
low activity: 93.82 +14.18 pg/mL, p=0.003; moderate
activity: 118.4+19.38 pg/mL, p=0.001; high activity:
67.72+4.67 pg/mL, p=0.027). As observed with mRNA
levels, higher levels of sCD40L were found in RA patients
according to DAS28 scores increase, with the exception of
the high activity group whose sCD40L levels were signifi-
cantly lower compared to moderate clinical activity patients
(p=0.017; Fig. 3c).

Finally, a correlation analysis of sCD40 and sCD40L
levels with the clinical features of RA patients was carried
out. As shown in Table 2, a negative correlation between
sCDA40 and anti-CCP levels was observed (r, =—0.340;
p=0.04). No significant associations were identified regard-
ing sCD40L levels (Table 2).

Discussion

The CD40/CD40L pathway plays a pivotal role in the acti-
vation and progression of cellular and humoral adaptive
immune response [4]. Several studies have implicated this
pathway in the pathogenesis of various diseases with an
autoimmune or inflammatory component. In RA, CD40/
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CDA40L engagement is involved in the production of autoan-
tibodies and molecules, as proinflammatory cytokines and
RANKL, that promote inflammation and tissue damage
[5]. However, there are currently no consistent results on
the expression of CD40 and CD40L and their relationship
with clinical activity and the clinical characteristics of RA
patients.

As currently known, CD40 expression is mainly constitu-
tive in antigen-presenting cells (APC); however, its expres-
sion can be upregulated in these and other cell types under
inflammatory stimulus, including cells playing a direct
role in tissue damage in RA [27-29]. In the present study,
no alterations regarding CD40 mRNA expression in RA
patients were found. However, previous studies, including
one carried out by our group, have consistently reported a
high CD40 mRNA expression in RA patients [14, 30]. These
differences could be due to the design of the studies, the
sample size, the type of tissue analyzed as well as the clini-
cal characteristics of the patients included.

In contrast with the CD40 findings, an increased expres-
sion of CD40L mRNA was identified in patients with RA
compared with CS, which is in accordance with previous
evidence that suggests an altered expression of CD40L
mRNA in patients with RA [12]. In particular, a higher
expression of CD40L mRNA has been shown in CD4+T
cells from females with RA in association with low levels
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of CD40L promoter methylation [20]. In a study conducted
by our group, it was observed a 4.5-fold increased expres-
sion of CD40L mRNA in peripheral blood leukocytes from
a group of women with RA compared to healthy women
[31]. A more recent work has reported a higher expression of
CD40L mRNA in synovial tissue from early and established
RA patients in contrast to synovial tissue from osteoarthritis
patients or healthy individuals [14]. Taken together, all of
these results suggest that there is a deregulation of CD40L
expression at the transcriptional level both in the periphery
and synovial tissue in patients with RA and this might be
exacerbated in female individuals due to the influence of
epigenetic factors. Interestingly, similar results have been
described for other autoimmune diseases like systemic lupus
erythematosus [32], multiple sclerosis [33] and systemic
sclerosis [34]. Moreover, an increased expression of CD40L
mRNA was found according to clinical activity, except
for patients with very active disease (DAS28 >5.1). Cur-
rently, the aim of the treatment in RA patients is based on
the achievement of a remission state and this often involves
an aggressive treatment with more than one DMARD or
biological agents, especially in patients with persistent high
activity. Furthermore, some studies have provided evidence
about the ability of some treatments to modulate CD40L
expression, which might explain the lowest CD40L mRNA
levels observed in patients with high activity [35, 36]. This
suggests that in patients with high activity disease, treatment
could be helping to downregulate CD40L expression and
that other molecules may be playing a key role in promoting
a persistent inflammation. In the present study, an analysis
considering DMARD status in association with levels of
CD40L mRNA, cell surface protein and soluble protein was
performed. No significant associations between the use of
DMARD:s and CD40L expression were found. However, this
cannot be ruled out completely since RA patients without
any type of treatment were not included in the study, which
could represent a limitation.

In the present study, higher percentages of
CD4+CD40+T cells and the overexpression of CD40 in
this cell population were identified in RA patients compared
to CS. This is the first study reporting CD4 + T cells express-
ing CD40 in peripheral blood of RA patients. Others have
observed increased frequencies of CD4 +CD40+ T cells in
type 1 diabetes [22] and multiple sclerosis [23], suggesting
a possible implication in disease pathogenesis. Interestingly,
the expression of CD40 in T cells has been reported to be
as efficient as CD28 signals to induce T cell activation [26].
Although no associations were identified with the clinical
parameters of RA patients, functional studies concerning
this cell population could reveal new pathogenic molecular
mechanisms involving the CD40/CD40L pathway in RA.
An increased frequency of CD4 +CD40L + T cells, as well
as an increased expression of CD40L according to clinical

activity, was also identified in RA patients. These results
support previous findings that have shown a high frequency
of CD4 +CD40L + T cells in peripheral blood and synovial
fluid of patients with RA [13, 15, 35]. Even though the fre-
quency of CD4+ CD40L + T cells varies between studies,
which could be due to differences in methodology design or
clinical characteristics of the patients, these findings support
the role that is suggested for CD40L as a marker of clinical
activity in RA.

Another interesting finding was the increased frequen-
cies of CD4 +T cells expressing CD40 and CD40L in RA
patients with early disease. These results are consistent
with that reported by Kosmaczewska et al. [16], who iden-
tified increased percentages of CD4 + CD40L + T cells in
patients with early RA, suggesting that this could be related
to the loss of CD28 expression followed by chronic T cell
stimulation in RA patients with established disease [37, 38].
Since this is the first study demonstrating the expansion of
the CD4 +CD40 + T cell subpopulation in RA patients, it
remains to be determined whether this is also a consequence
of chronic stimulation or a compensatory mechanism due
to the loss of other costimulatory molecules like CD28. An
interesting approach would be to determine whether the
altered expression of CD40 and CD40L in T cells is a key
factor in RA onset by stimulating the production of autoan-
tibodies and proinflammatory molecules since the overex-
pression of CD40 and CD40L mRNA has been reported in
synovial tissue from undifferentiated arthritis patients and
early RA patients [14].

Like other members of the TNF receptor (TNFR) fam-
ily, the CD40 receptor also has a soluble form. Although
an antagonistic role has been attributed to this molecule,
sCD40 serum levels in RA patients hadn’t been reported
until now. No significant differences were found when com-
paring sCD40 levels between RA patients and CS as well as
between the RA clinical groups. On the other hand, a nega-
tive correlation was identified between sCD40 and anti-CCP
levels. It has been described that proteolytic cleavage and
release of CD40 in its soluble form in B cells are dependent
on the binding with CD40L of activated CD4 +T cells and
have been proposed as a regulatory mechanism in T cell-
dependent B cell activation [6, 39]. Moreover, an altered
expression of CD40 isoforms mRNA has been reported
in synovial tissue of RA patients [14]; however, it is still
not well described how the expression of these isoforms is
regulated and its function in antibody production. Taking
together, it appears that CD40 protein and mRNA regulation
are active molecular mechanisms in RA patients and that
could be closely related to autoantibody production.

The soluble form of CD40L is produced by proteolytic
shedding from the cell surface of activated CD4 + T cells
and platelets and has been determined to function as a pro-
inflammatory molecule. Soluble levels of CD40L were
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significantly higher in patients with RA compared to SC.
These results are in accordance with previously published
work reporting high levels of sCD40L in RA patients com-
pared to healthy subjects [17—-19]. In the present study,
when RA patients were stratified by DAS28 score, as it was
observed in mRNA and membrane protein expression, the
sCD40L showed an increase according to the degree of clini-
cal activity. A similar behavior regarding sCD40L levels has
been reported for SLE patients [40]. In the study conducted
by Pamuk et al., higher levels of sCD40L in patients with
active RA (DAS28>5.1) compared to patients with inac-
tive RA (DAS28 <5.1) were observed; however, as in our
study, the differences between the groups of patients were
not significant [19]. Taking all together, this suggests that
sCD40L may be contributing to the degree of activity in
RA patients. However, as observed with the expression of
CD40L mRNA, patients with high activity presented lower
levels of sCD40L compared with patients with moderate
activity. Since the main cellular source of sCD40L is acti-
vated platelets, it is unlikely that treatment in these patients
plays a direct role in the modulation of CD40L expression
in these cells; however, an indirect role cannot be ruled out.
On the other hand, this could be related to differences in the
mechanisms involved in the CD40L shedding in this group
of patients. High levels of MMP-2 and MMP-9 along with
an increased enzymatic activity have been described in the
circulation of RA patients compared to healthy subjects [41].
Previous studies have shown that these enzymes are the ones
that mediate the proteolytic cleavage of CD40L from plate-
lets [7-9]. The evaluation of SCD40L in association with
the levels and enzymatic activity of MMP-2 and MMP-9 in
patients with different clinical activity could yield interest-
ing data, since it has been reported an increased platelet
activation as well as an association between platelet counts
and clinical activity in RA patients [19]. Currently, there is
a report of the association between the levels of sCD40L
and MMP-2 and MMP-9 in relation to the activity and the
different clinical presentations in multiple sclerosis patients
[42]. As observed in other studies, SCD40L values were not
correlated with clinical features of RA patients. There is one
study where sCD40L levels were positively correlated with
RF factor titers; however, this association could have been
influenced by the inclusion of RA patients with vasculitis
[17].

Finally, it is worth to mention that, in order to exclude a
possible influence of gender regarding CD40L expression,
only female subjects were included. This could be a limita-
tion since the associations observed were not determined
considering male RA patients. In addition, a stratification
analysis of CD40 and CD40L levels considering anti-CCP
titers could have yield interesting data; however, it was not
possible to perform this since most of the included patients
presented high positive values of anti-CCP.
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Taking together, the results in the present study show that
there is a dysregulation in the molecular mechanisms around
CDA40L production (mRNA, cell surface protein and soluble
protein) in females with RA in close association with the
clinical activity. Interestingly, this was not the case for high
activity patients. In addition, the expansion of CD4+T cells
expressing CD40 was demonstrated in the patients included
in this study. Future studies are needed to validate the clini-
cal utility of CD40L and to determine which are the mol-
ecules that could be overcoming CD40L downregulation and
promoting a persistent inflammation in patients with very
active disease.
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