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Abstract

Biologics have revolutionized the treatment of inflammatory arthritis, but their impact on T cell function is unknown. We

evaluated the effect of tumor necrosis factor-alpha (TNF-α), interleukin-17A (IL-17A), and IL-6 receptor (IL-6R) blockers on T

cell function in psoriatic arthritis (PsA) patients. Peripheral blood mononuclear cells (PBMCs) from PsA patients (n=111) and

healthy controls (n=20) were co-cultured with adalimumab (ADA), ixekizumab (IXE), tocilizumab (TCZ), or medium alone

for 5 days. T cell activation and proliferation were determined by flow cytometry and cytokines in supernatants were measured

by ELISA. Activated CD4+CD25+ T cells were significantly down-regulated by ADA in näıve, conventional disease-modifying

anti-rheumatic drug (cDMARD)- and biologic-treated PsA patients compared to medium (p < 0.04, p < 0.01, respectively),

IXE, and TCZ. In healthy, ADA reduced the activated CD4+CD25+ T cells proportion but non-significantly as compared to

the other groups. Inhibition of PsA patients derived lymphocytes proliferation by the biologics was determined in response to

phytohemagglutinin (PHA). The strongest ability to suppress the extent of PHA-induced proliferation was exerted by ADA (p

< 0.01) compared to IXE and TCZ. IL-1β, IL-17A, and MMP-3 levels were down-regulated by ADA compared to medium (p

< 0.02, p < 0.0001, p < 0.002, respectively). IXE reduced IL-17A (p < 0.0001) but not IL-1β or MMP-3 levels. TNF and

IL-17A blockades are suitable for PsA treatment, but exhibit different activity on T cells. Moreover, the study reveals part of

the mechanism exerted by ADA and provides a possible explanation for TCZ inefficacy in PsA.
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Summary

Biologics have revolutionized the treatment of inflammatory arthritis, but their impact on T cell function
is unknown. We evaluated the effect of tumor necrosis factor-alpha (TNF-α), interleukin-17A (IL-17A), and
IL-6 receptor (IL-6R) blockers on T cell function in psoriatic arthritis (PsA) patients. Peripheral blood
mononuclear cells (PBMCs) from PsA patients (n=111) and healthy controls (n=20) were co-cultured with
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adalimumab (ADA), ixekizumab (IXE), tocilizumab (TCZ), or medium alone for 5 days. T cell activation
and proliferation were determined by flow cytometry and cytokines in supernatants were measured by ELISA.

Activated CD4+CD25+ T cells were significantly down-regulated by ADA in näıve, conventional disease-
modifying anti-rheumatic drug (cDMARD)- and biologic-treated PsA patients compared to medium (p
< 0.04, p< 0.01, respectively), IXE, and TCZ. In healthy, ADA reduced the activated CD4+CD25+ T
cells proportion but non-significantly as compared to the other groups. Inhibition of PsA patients derived
lymphocytes proliferation by the biologics was determined in response to phytohemagglutinin (PHA). The
strongest ability to suppress the extent of PHA-induced proliferation was exerted by ADA (p < 0.01)
compared to IXE and TCZ. IL-1β, IL-17A, and MMP-3 levels were down-regulated by ADA compared to
medium (p < 0.02, p < 0.0001, p< 0.002, respectively). IXE reduced IL-17A (p< 0.0001) but not IL-1β
or MMP-3 levels. TNF and IL-17A blockades are suitable for PsA treatment, but exhibit different activity
on T cells. Moreover, the study reveals part of the mechanism exerted by ADA and provides a possible
explanation for TCZ inefficacy in PsA.

Introduction

Psoriatic arthritis (PsA) is a chronic form of arthritis characterized by inflammation at tendon or ligament
insertion sites into bone (enthesitis) and by synovitis, eventually leading to joint erosions and new bone
formation. Up to 30% of patients with psoriasis develop PsA. The prevalence of PsA in the general population
is estimated between 0.5 to 1%. PsA shares genetic and clinical features with other forms of seronegative
spondyloarthritis (1, 2). Psoriatic skin and synovial tissue contains activated T cell infiltrates associated with
skin and joint damage (3). T cells are major drivers of arthritis mediated through activation of pathogenic
cascade that results in production of pro-inflammatory cytokines, such as interleukin 17 (IL-17) and tumor
necrosis factor alpha (TNF-α). Type 17 helper (Th17) T cells secrete IL-17, a pro-inflammatory cytokine
associated with joint destructive activity. IL-17 stimulates TNF production by macrophages and induces
synovial fibroblast activation, osteoclastogenesis, and cartilage degradation (4-6). Both interleukin-1 (IL-1)
family and IL-17 cytokines participate in skin inflammation and high expression of IL-1 family members
contributes to Th17 development (7). Metalloproteinase-3 (MMP-3) are identified as a biomarker in PsA
(8), and IL-17 was reported to induce MMP-3 production by synovial cells of PsA patients (9). Taken
together, production of the latter cytokines has a dominant pathogenic role in psoriatic plaques.

Biologic agents have revolutionized the treatment of inflammatory arthritis. Agents targeting pro-
inflammatory cytokines are able to reverse the unbalanced inflammatory immune response and alleviate
disease symptoms. In PsA, TNF inhibitors are effective in reducing skin lesions and musculoskeletal symp-
toms (10). Yet, not all PsA patients respond to TNF blockade (11). Newer therapies targeting downstream,
disease-specific cytokines associated with the IL-17/IL-23 axis have been developed and demonstrated a
significant clinical efficacy in PsA (12). Anti-IL-17 agents have been approved for the treatment of PsA,
exhibiting promising results in reducing PsA disease activity (13).

Increased production of IL-6 is one of the pathogenic pathways in both PsA and rheumatoid arthritis (RA)
(14). Anti-IL-6 receptor (R) antibodies have been approved for the management of RA (15). However,
treatment with anti-IL-6 and anti-IL-6R, such as clazakizumab and tocilizumab (TCZ), has shown disap-
pointing results in PsA (16, 17). Moreover, deficiency of TNF, but not IL-6, suppressed the development of
arthritis and skin inflammation (18) in the arthritis and dermatitis IL-1R antagonist–deficient mice model
which resembles human psoriasis (19), suggesting that only TNF had a pivotal role in the pathogenesis of
PsA in this animal model.

Both TNF and IL-17A inhibitors ameliorate the symptoms and reduce disease activity in PsA. However,
their precise mechanisms of action are not completely understood.

Given that pro-inflammatory cytokines promote effector T cell function and that activated T cells are highly
involved in PsA pathogenesis (20), biologic agents targeting different immune pathways might differently
affect T cell activity. We aimed to study the mechanism of action of biologic agents on functionality of T
cells in more details. Therefore, we selected the most prominent T cell activation marker, CD25, the alpha
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chain of IL-2R, that is constitutively expressed on lymphocytes, such as regulatory and resting memory T
cells. CD25 is upregulated within 24 hours of stimulation of the TCR/CD3 complex and remains elevated
for a few days (21).

We evaluated the differential impact of TNF, IL-17A and IL-6R blockade on the immune response by ana-
lyzing their inhibitory effect on T cell activation and proliferation and on cytokine secretion in vitro. The
activity of the biologics was assessed in peripheral blood mononuclear cells (PBMCs) derived from PsA
patients that were classified as Näıve, conventional disease-modifying anti-rheumatic drug (cDMARD)- or
biologic-treated PsA patients and in healthy controls.

Material and methods

Study participants. Adult (≥18 yrs) PsA patients diagnosed according the Classification Criteria for Psoriatic
Arthritis (CASPAR) criteria (22) attending the Rheumatology Department of Sourasky Medical Center, Tel-
Aviv, Israel were eligible to participate in the study. A total of 111 PsA patients either Naive, cDMARD-,
or biologic-treated were consecutively enrolled. The control group included 20 healthy subjects. The study
was conducted between 2018-2020 according to the guidelines of the Declaration of Helsinki and with the
approval of the institute’s review board (0182-18-TLV). All patients signed an informed consent upon the
enrollment into the study and donated a single blood sample that was used for the various experiments.
Clinical and medical information was collected prospectively (Table 1).

In vitro cell culture. PBMCs were isolated from heparinized venous blood by density gradient centrifugation
using Lymphoprep (Axis- Shield, Oslo, Norway). Extracted PBMCs were cultured at a density of 1.5x106

cells/ml in a 48-well plate in RPMI 1640 medium containing 10% fetal calf serum supplemented with penicillin
(100 U/mL), streptomycin (100 μg/mL), 2 mmol/L L-glutamine, and 50 μM 2β-mercaptoethanol. Cells were
incubated for 5 days at 37°C with one of the following biologic agents: TNF (adalimumab, ADA), IL-17A
(ixekizumab, IXE), and IL-6R (tocilizumab, TCZ) blockers at a concentration of 10 μg/ml (reflecting the
biologic agents concentrations in human serum) or medium alone as control.

Analysis of activated CD4+CD25+ T cells. After 5 days of incubation, the cells were collected and stained
with the monoclonal antibodies, anti-CD4-APC-eFluor 780 (eBioscience, 47-0049-42) and anti-CD25-PE
(eBioscience, 12-0259-42), for 30 min at room temperature. The cells were acquired by a fluorescence-
activated cell sorter (FACS) Canto II flow cytometer (BD Biosciences). A total of 60000 events were collected
from each sample. The analysis was performed with FlowJo analysis software, and the lymphocytes were
identified on the basis of forward and side-scatter after gating for CD4+CD25+ T cells had been performed.

Cell proliferation. Cell proliferation was assessed by means of carboxyfluorescein succinimidyl ester (CFSE)
dilution after each cell division. Briefly, PBMCs were pretreated with CFSE before the start of the co-
culture. The cells were suspended in phosphate buffered solution (PBS) with 5 μM CFSE, incubated for
15 min at 370C and then washed twice with PBS-2% fetal calf serum. Cells were resuspended in complete
RPMI medium and cultured with phytohemagglutinin (PHA) at a final concentration of 5 μg/ml in the
presence of the three biologic agents. Controls consisted of PHA-stimulated PBMCs without biologic agents
(representing reference proliferation) and PBMCs without PHA (no proliferation). Cells were harvested after
5 incubation days and analyzed by flow cytometry, a total of 60000 were acquired from each sample.

ELISA. Levels of IL-1β, IL-17A, and MMP-3 were measured in cell culture supernatants with human IL-
1β, IL-17A, and MMP-3 ELISA kit DuoSet ELISA (R&D Systems). The relevant standard, capture, and
detection antibodies were used according to the manufacturer’s instructions. Microwell absorbance was read
at 450 nm with an ELISA autoanalyzer (BioTek 800 TS Absorbance Reader, USA). Concentrations of the
analytes were determined based on the standard curve included on each plate.

Statistical analysis. Statistical analyses for the effect of biologics on activated CD4+CD25+ T cells and
CFSE-proliferation assays were performed using One-way ANOVA. For analysis of levels of secreted cytokines
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by ELISA, 2-tailed Mann-Whitney U test was used. Analyses were undertaken using GraphPad Prism 8
software (GraphPad Software, San Diego, CA, USA). p values less than or equal to 0.05 were considered as
significant.

Results

The effect of TNF, IL-17A and IL-6R blockers on the proportion of activated CD4+CD25+ T cells in culture
of PBMCs from PsA patients and healthy controls.

We evaluated the effect of TNF, IL-17A, and IL-6R blockade on the proportion of activated CD4+CD25+

T cells in PBMCs of PsA patients. First, we analyzed the effect of the biologic agents in culture of PBMCs
derived from Näıve and cDMARD-treated PsA patients on the percentage of activated CD4+CD25+ T
cells (n = 43) (Figure 1). Addition of ADA to the culture significantly reduced the percentage of activated
CD4+CD25+ T cells compared to medium (3.6 ± 0.3 vs 5.0 ± 0.4, p < 0.04), representing a 30% decrease
compared to medium, while treatment with IXE or TCZ (4.9 ± 0.4 and 4.8±0.4, respectively) did not
significantly affect the percentage of activated CD4+CD25+ T cells (Figure 1B and C). There was also
a significant difference between the effect of ADA on the percentage of activated CD4+CD25+ T cells in
comparison with IXE (p < 0.04).

We next examined the potential effect of the biologics on the percentage of activated CD4+CD25+ T cells
derived from biologic-treated PsA patients (n=58). As shown in Figure 2B and C, there was a consistently
significant reduction in the percentage of activated CD4+CD25+ T cells in culture in samples of cells incu-
bated with ADA compared to medium (3.50 ± 0.3 vs 5.1 ± 0.4, p < 0.01, representing a 32% decrease). In
comparison, IXE and TCZ (4.8 ± 0.4 and 4.7 ± 0.4, respectively) did not significantly change the percentage
of activated CD4+CD25+ T cells compared to medium. Furthermore, ADA significantly down-regulated the
percentage of activated CD4+CD25+ T cells compared to IXE (p < 0.04). We further evaluated the effect of
the tested biologics on the percentages of activated CD4+CD25+ T cells in culture of PBMCs derived from
healthy controls (n=20). Figure 3, summarize the results comparing the effect of the biologics in the three
groups (Näıve and cDMARD-, biologic- treated PsA patients and healthy controls). Basal percentages of
activated CD4+CD25+ T cells after incubation with medium alone were not significantly different between
Näıve and cDMARD-, biologic-treated PsA patients (4.9 ± 0.4 and 5.1 ± 0.4, respectively) and healthy (5.5
± 0.5) (p> 0.05). As can be seen in the healthy control group, ADA reduced only slightly the percentage
of activated CD4+CD25+ T cells as compared to medium, IXE and TCZ (4.9 ± 0.6 vs 5.5 ± 0.5, 5.5 ± 0.6
and 5.5 ± 0.7, respectively), however the differences were not statistically significant. Furthermore, IXE and
TCZ had no significant effect on the percentage of activated CD4+CD25+ T cells as compared to medium
in PBMCs from healthy controls.

Inhibition of lymphocyte proliferation by the different biologic agents.

Analysis of PHA-stimulated proliferation of lymphocyte upon addition of the experimental biologic agents is
shown in Figure 4. In culture of PBMCs derived from PsA patients (n=17) after 5 days incubation without
PHA, the average extent of proliferation (%) was 5.6 ± 0.7, when PBMCs were stimulated with PHA alone,
proliferation rate was 28.5 ± 3.0. In parallel to the effect of ADA on activated CD4+CD25+ T cells, ADA
significantly reduced the PHA-induced proliferation of lymphocytes 16.8 ± 2.0,p < 0.01, while IXE 24.9 ±
2.9 and TCZ 22.3 ± 2.4 had no significant impact on PHA-induced proliferation.

Blockade of TNF, IL-17A and IL-6R differentially affects inflammatory mediator release from PBMCs of
PsA patients.

The levels of soluble IL-17A, IL-1β, and MMP-3 were measured in culture media of cells incubated with the
selected biologic agents. Culture supernatants were collected from the experiments performed to analyse
T cell activation in PBMCs derived from PsA patients (n = 14-15) as described above, after 5 days of
incubation as shown in Figure 5, the level of IL-17A (Figure 5A) in the culture of cells with medium alone
was 19.3 ± 3.2 pg/ml. Both ADA and IXE significantly reduced the IL-17A level compared to the control
medium 9.4 ± 0.5 and 8.5 ± 0.6 vs 19.3 ± 3.2 pg/ml, representing decreases of 52% and 56%, respectively,p
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< 0.0001). In contrast, TCZ did not reduce IL-17A levels 23.2 ± 7.2 pg/ml compared to the control medium.
The IL-1β level was significantly decreased by ADA compared to the control medium 3.9 ± 0.3 pg/ml vs
5.1 ± 0.6 pg/ml, p < 0.02, but not by either IXE 5.1 ± 1.0 pg/ml or TCZ 6.6 ± 1.1 pg/ml (Figure 5B).
Similarly, MMP-3 levels were reduced by ADA compared to the control medium 26.0 ± 1.0 pg/ml vs 33.4
± 2.0 pg/ml, p < 0.002, whereas neither IXE 30.2 ± 1.8 pg/ml nor TCZ 30.6 ± 2.4 pg/ml could affect
significantly MMP-3 levels (Figure 5C). Of note, the mean levels of IL-1β and IL-17A in the supernatants
of cells incubated with TCZ were even higher than in the medium control although the difference was not
significant.

Discussion

The results of this study on 111 patients with PsA clearly demonstrate that anti-TNF but not anti-IL-
17A or anti-IL-6R down-regulated T cell activation and proliferation in vitro. Furthermore, the inhibitory
effect of anti-TNF on T cell activation was demonstrated in Näıve/ cDMARD- as well as biologic-treated
PsA patients. TNF inhibition markedly suppressed IL-1β, IL-17A, and MMP-3 secretion, whereas IL-17A
inhibition suppressed only IL-17A secretion. In contrast, IL-6R blockade failed to inhibit the secretion of
any of the inflammatory mediators. Taken together, these results indicate that the therapeutic effect of
anti-TNF may be mediated, at least in part, by its direct effects on the function of T cells and their ability
to secret pro-inflammatory molecules.

Our data are supported by those of Dahlénet al . (23) who demonstrated the ability of infliximab to reduce
T cell activation following stimulation with a-CD3 and a-CD28 antibodies, as measured in vitro by reduced
percentage of CD4+CD25+ and CD8+CD25+ T cells, proliferation and inflammatory cytokine secretion
in PBMCs derived from ulcerative colitis patients. Our findings demonstrated that even without external
simulation ADA reduced T cell activation in vitro. Moreover, T cell activation was regulated by anti-TNFs
as demonstrated both by ADA and infliximab, support the notion that this activity can be promoted by
anti-TNFs’ blockade in general and not only by ADA.

ADA reduced substantially and significantly the level of activated CD4+CD25+ T cells in PsA patients,
while in healthy controls ADA reduced these cells only slightly and non-significantly. Similarly a study by
Coury et al . (24) tested in vitro effect of anti-TNFs (mediated by infliximab and etanercept) on T cells
apoptosis in PBMCs isolated form RA patients and healthy controls. T cell apoptosis was reduced more in
RA patients than in healthy controls. In this respect, in vitro culture conditions to test the effect of biologics
were with no additional stimulation to determine solely the biologics activity.

Activated T cells are involved in the pathogenesis of PsA and several reports have shown increased activated
T cells with Th1 and Th17 phenotypes as well as an increased proportion of activated CD8+ T cells in the
circulation of PsA patients (20, 25, 26). These studies implied that selective inhibition of pro-inflammatory
T cell function may be beneficial in PsA.

Only few reports demonstrated T cell subset modulation during long-term anti-TNF therapy, mainly in
patients with RA and ankylosing spondylitis (AS). Long-term treatment with ADA consistently down-
regulated the CD4+CD25+ T cells in patients with AS (27). Similarly, Dulic et al. (28) studied RA patients
treated with anti-TNF therapy revealing a decrease in activated CD4+CD25+ T cells. This effect was more
evident among anti-TNF responders than in non-responders as compared to näıve untreated RA patients
and to healthy controls. On the other hand, IL-6R therapy did not change the activated T cell fraction in
this RA cohort.

An additional activation marker, CD69, identifies a very early activation stage of T cells was found to be a
useful predictive marker for response to anti-TNF in RA. Low percentage of CD4+CD69+ T cells in peripheral
blood of RA patients (< 2.43%) predicts a good response to anti-TNF (28). Moreover, the prevalence of
CD4+CD69+ and CD8+CD69+ T cells was significantly higher in RA patients who had incomplete response
to several anti-TNFs compared to those who failed only one anti-TNF inhibitor (28). Those results are
consistent with our current findings by demonstrating that in vitro anti-TNF inhibitors acted to reduce T
cell activation.
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Activated CD4+CD25+ T cells can be discriminated based on the expression of additional markers, such
as transcription factor FoxP3 (29) and CD127, that are used to define T regulatory cells (Tregs). Huang
et al. (30) showed that anti-TNF therapy suppressed activated/effector T cells with a concomitant increase
in the Treg cell population in treated RA patients. Indeed, restoration of Tregs by anti-TNF treatment in
RA was demonstrated in a number of reports (31, 32). Several mechanisms were proposed for the potential
of anti-TNF to induce Tregs, one of which was the attenuation of accelerated apoptosis in Tregs following
anti-TNF therapy (33). In addition, TNF inhibition was able to induce the expression of anti-inflammatory
IL-10 in T cells following in vitro stimulation in a dose- and time-dependent manner, while the blockading of
IL-17, IFN-γ, IL-6R, or CD80/CD86-mediated co-stimulation did not significantly regulate IL-10 expression
within CD4+ or CD8+ T cell subpopulations (34).

In the present in vitro study, co-culture of PBMCs with a TNF inhibitor reversed aberrant T cell functions and
reduced inflammatory cytokine release. Similarly, others have shown that anti-TNF therapy downregulated
the production of a large range of inflammatory cytokines/chemokines, including IL-6, IL1β, IL-8, RANTES,
and MCP-1 which are associated with decreased joint inflammation (35, 36). Interestingly, although IL-17A
blockers, such as secukinumab and ixekizumab (IXE), are efficacious in PsA therapy and achieve similar
proportions of American College of Rheumatism response as those of TNF blockers in clinical studies, their
effect on T cell proliferation and inflammatory markers differs. Except for a reduction in IL-17A in cell
culture supernatants, IL-17A blockade did not alter T cell activation and proliferation and failed to reduce
either IL-1β or MMP-3 secretion. Since IXE did not block the latter cytokines, it can by speculated that
reduced IL-17A levels in the ELISA test could derived from interaction between residual IXE and soluble
IL-17A in supernatants and not by blockade of endogenous IL-17A secretion. Nevertheless, both IL-17A
and IL-17F play a role in chronic tissue inflammation in PsA. Dual neutralization of IL-17A and IL-17F by
bimekizumab profoundly suppressed joint and skin inflammation in PsA (37) and might differently affect
the parameters assessed in our in vitro study.

TCZ showed mixed results in clinical studies and was not approved for PsA treatment (38). In the current
study, it was employed as a biologic agent which was not approved for the treatment of PsA and indeed,
IL-6R did not alter T cell activation and proliferation nor did it block inflammatory cytokine secretion, thus
demonstrating that inhibition of T cell function in PsA is independent of IL-6R blockade. In contrast to
PsA, TCZ is an effective agent for RA therapy (39). Treatment with TCZ, both ex vivo and in vitro, resulted
in a shift in the Th17/Treg imbalance, favoring a more protective response in the context of RA (40, 41).

Our study has several limitations. First, we determined the effect of the biologic agents on general T cell
function and did not look deeper into the modulation of distinct T helper subsets, including Th1, Th17, and
Treg. In addition, T cell proliferation was assessed by PHA which assesses general proliferation. Although
it is more relevant to determine specific PsA-driven proliferation, the autoantigens in PsA are unknown,
therefore determination of the precise ability of biologics to suppress proliferation toward psoriatic-related
antigens await their discovery.

In conclusion, this study is the first to evaluate in vitro effect of various biologic agents on T cell function
by the use of PBMCs from a large population of PsA patients. The findings reported herein are important
for understanding the dissimilarity in the potential effect of anti-TNF and anti-IL-17A therapies on T cell
function and inflammatory mediator release in patients with PsA. We now demonstrate the putative activity
of the studied biologics to suppress T cells and reduce cytokine production. While one of the mechanisms of
action of anti-TNF agents in PsA seems to down-regulate T cell function, this could not be similarly shown
for IL-17A blockers.
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Figure legends

Figure 1 . The differential effect of biologics on activated CD4+CD25+ T cells in culture of näıve and
cDMARD-treated PBMCs from PsA patients.

PBMCs were cultured in RPMI medium supplemented with either ADA, IXE, TCZ (10μg/ml) or medium
alone for 5 days, then cells were analyzed by flow cytometry to determine the frequencies of activated
CD4+CD25+ T cells. (A) Representative dot plot of acquisition of in vitro cultured PBMCs gated based on
side-scattered light (SSC) versus forward-scattered light (FSC). (B) Gated events were plotted against CD4
versus CD25. Positive staining is presented in the upper right quadrant of each dot plot with the percentage
indicated. (C) Percent of CD4+CD25+ T cells determined by flow cytometry (n=43). The comparisons were
determined by one-way ANOVA, data are shown as mean values ± SEM, *p < 0.04.

Figure 2 . The differential effect of biologics on activated CD4+CD25+ T cells in culture of biologic-treated
PBMCs from PsA patients.

PBMCs were cultured in RPMI medium supplemented with either ADA, IXE, TCZ (10μg/ml) or medium
alone for 5 days, then cells were analyzed by flow cytometry to determine the frequencies of activated
CD4+CD25+ T cells. (A) Representative dot plot of acquisition of in vitro cultured PBMCs gated based on
side-scattered light (SSC) versus forward-scattered light (FSC). (B) Gated events were plotted against CD4
versus CD25. Positive staining is presented in the upper right quadrant of each dot plot with the percentage
indicated. (C) Percent of CD4+CD25+ T cells determined by flow cytometry (n=58). The comparisons were
determined by one-way ANOVA, data are shown as mean values ± SEM, *p < 0.04, **p< 0.01.

Figure 3 . In vitro effect of biologics on percentages of activated CD4+CD25+ T cells in PBMCs derived
from näıve and cDMARD-, biologic- treated PsA patients and healthy controls.

Percentage of activated CD4+CD25+ T cells were determined by flow cytometry analysis after in vitro
incubation with biologics as described above in PBMCs isolated from patients with PsA that are either:
näıve and cDMARD- (n=43), biologic-treated (n=58) and healthy controls (n=20). The comparisons were
determined by one-way ANOVA, data are presented as mean values ± SEM, p values indicate difference of
ADA as compare to medium, *p< 0.04, **p < 0.01.

Figure 4 . Reduction of PHA-induced proliferation in PBMCs from PsA patients in vitro by ADA.

CFSE-labeled PBMCs from PsA patients (n=17) were incubated without PHA or with PHA (5μg/ml),
or with PHA in the presence of the biologics. The cells were harvested and analyzed after 5 days. (A)
Representative plots showing examples of CFSE dilution assay with PBMCs cultured without PHA or
incubation with PHA alone or PHA with the biologics. Percentages indicate % of proliferating cells. (B)
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Summary of data showing % proliferation. The comparisons were determined by one-way ANOVA, data are
presented as mean values ± SEM, *p < 0.01.

Figure 5. Cytokine levels determined in culture supernatants of PBMCs from PsA patients. Cytokine were
evaluated by ELISA assay. The analysis was performed on supernatants that were collected at day 5 of
culture (n=14-15). Data are expressed as mean concentration (pg/ml) ± SEM and statistical analyses were
performed by Mann-Whitney U analysis, *p < 0.02, **p < 0.002 and ***p< 0.0001.

Figures
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