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Introduction Rheumatoid arthritis (RA) and psoriatic arthritis (PsA) are characterized by chronic inflam‑
matory processes mediated by proinflammatory cytokines that affect the synovial lining. Programmed
death 1 (PD‑1) is a critical regulator of T‑ cell activation by downregulating immune responses.
Objectives The aim of the study was to investigate whether the expression of PD‑1 on CD4+ and CD8+
T cells differs between patients with RA and those with PsA.
Patients and methods The study included 100 patients with RA, 31 patients with PsA, and 52 healthy
controls. The percentages, absolute numbers, and mean fluorescence intensity (MFI) of CD4+PD‑1+ and
CD8+PD‑1+ T cells from peripheral blood were analyzed using flow cytometry.
Results The percentages and absolute numbers of CD4+ and CD8+ T cells with PD‑1 expression
were significantly higher in patients with RA than in controls. In patients with PsA, the percentages
of CD4+PD‑1+ and CD8+PD‑1+ T cells were significantly lower than in controls. Because of the high
frequency of PD–1‑positive T cells in RA and their low frequency in PsA, we analyzed the expression
level by analyzing the MFI. The median MFI of PD‑1 on CD4+ and CD8+ T cells was significantly higher
in patients with RA (median, 421 and 437, respectively) in comparison with patients with PsA (median,
222 and 198, respectively) and controls (median, 205 and 187, respectively).
Conclusions The differential expression of PD‑1 in RA and PsA suggests that PD‑1 might be involved
in autoimmune mechanisms in RA and autoinflammatory mechanisms in PsA in a different manner.
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Introduction Rheumatoid arthritis (RA) and
psoriatic arthritis (PsA) are the most common
types of inflammatory arthritis. RA affects from
0.5% to 1% of the general population, whereas
PsA, from 0.05% to 0.25%.1,2 PsA, together with
ankylosing spondylitis, reactive arthritis, arthri‑
tis associated with inflammatory bowel disease,
and spondyloarthropathies in children, belongs
to seronegative spondyloarthropathies. The eti‑
ology of RA and PsA is unknown but it is be‑
lieved that both genetic predispositions and en‑
vironmental triggers are essential in the develop‑
ment of these diseases. RA and PsA, which are
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both chronic autoinflammatory diseases with
complex interactions between the adaptive and
innate immune systems, share some character‑
istics but they differ substantially in their clini‑
cal, genetic, immunological, cellular, and molec‑
ular features.3,4
Synovitis, one of the typical features of RA
and PsA, is manifested by similar infiltrates in
both diseases. It has been reported that the ex‑
tent of T‑cell and B‑cell infiltration is compara‑
ble in RA and PsA, as well as is the formation of
germinal centers (zones of T‑cell and B‑cell pro‑
liferation).5,6 Activated T cells and macrophages
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are importantly involved in the immunopatho‑
genesis of PsA, while the T cells and B cells play
a decisive role in the development of RA.7,8 T cells,
such as Th1 and Th17, their activation, and im‑
mune response are considered to be essential in
the initiation and maintenance of RA and PsA. In
both diseases, an imbalance between Th1, Th17,
and regulatory T cells (Tregs) as well as the key role
of various cytokines, including tumor necrosis
factor, interleukin (IL)-1β, IL‑6, IL‑17A, IL‑17F,
IL‑21, and IL‑23, have been confirmed.9 Even
though the pathogenesis of RA and PsA is fairly
well known, the mechanism of chronic lympho‑
cyte activation still awaits elucidation.
Since the programmed death 1 (PD‑1), a pro‑
tein which acts as an important negative reg‑
ulator of T‑cell activation and a crucial factor
responsible for peripheral tolerance, is induc‑
ibly expressed on CD4+ T cells, CD8+ T cells, nat‑
ural killer T cells, B cells, and activated mono‑
cytes, its role in the pathogenesis of RA and PsA
might shed some light on this issue. PD‑1 ex‑
erts its immune inhibitory action by binding
to the ligands PD‑L1 and PD‑L2 on the antigen
‑presenting cells (APC).10,11 Upregulation of PD‑1
and PD‑L1 depends on the inflammatory cyto‑
kines, such as interferon‑γ.12 Apart from PD‑1
expressed on the cells, the soluble PD‑1 (sPD‑1)
that lacks the transmembrane domain is encod‑
ed. Previous studies have demonstrated that sPD
‑1 blocks the PD‑1/PD‑L pathway and promotes
the T‑cell response.10
The aim of this study was to characterize
the expression of PD‑1 on CD4+ and CD8+ T cells
in patients with RA and those with PsA. Because
a flare or exacerbation of both RA and psoriasis
in patients treated with immune checkpoint in‑
hibitors has been reported, the PD‑1 expression
should be comprehensively analyzed. Moreover,
PD‑1 involvement in the pathogeneses of the dis‑
eases might be differential because in RA the au‑
toimmune reaction is more pronounced, while in
PsA the autoinflammatory mechanisms are re‑
sponsible for the disease progression to a high‑
er extent.

were measured in laboratory tests: C‑reactive pro‑
tein (CRP), erythrocyte sedimentation rate (ESR),
anti–cyclic citrullinated peptide (anti‑CCP) anti‑
bodies, and rheumatoid factor (RF).
The demographic and clinical characteristics
of the participants are presented in Table 1 . Most
patients with RA had increased levels of CRP,
ESR, RF, and anti‑CCP antibodies, whereas pa‑
tients with PsA had normal CRP and RF levels
but increased ESR. No significant differences in
the number of swollen and tender joints as well
as the visual analog scale score were observed
between the groups. However, DAS28 was sig‑
nificantly higher in patients with RA.
The systemic treatment differed significantly
between patients with RA and PsA. On admission,
most patients with PsA did not receive any sys‑
temic medications, whereas 94 patients with RA
were on systemic treatment. Methotrexate was
administered in 5 patients with PsA; sulfasala‑
zine, in 2 patients; and cyclosporine A, in 1 pa‑
tient. In the RA group, 18 patients were treat‑
ed only with one DMARD (12 patients received
methotrexate; 4 patients, chloroquine; and 2 pa‑
tients, leflunomide); 4 patients were treated with
glucocorticoid (GC); and 72 patients received
a combination therapy (29 patients were treated
with methotrexate + GC; 21 patients, methotrex‑
ate + chloroquine + GC; 7 patients, chloroquine
+ GC; 6 patients, chloroquine + GC; 6 patients,
leflunomide + GC; 1 patient, sulfasalazine + GC;
1 patient sulfasalazine + methotrexate + chloro‑
quine; and 1 patient, sulfasalazine + chloroquine).
A median duration of RA treatment was 11 years
(range, 0–40 years). No biological drugs were ad‑
ministered in any of the groups.
In patients with PsA, 3 clinical subsets of
the disease were identified: oligoarticular, poly‑
articular, and distal interphalangeal predomi‑
nant (TABLE 1 ).
The study protocol was approved by the Local
Ethics Committee at the Medical University of
Lublin (KE‑0254/41/2012, KE‑0254/81/2015).
Informed consent was obtained from all
participants.

Patients and methods Characteristics of pa‑
tients The study included 100 patients with RA

Cell isolation Using density gradient centrifuga‑
tion on Ficoll‑Hypaque, mononuclear cells were
isolated from the peripheral blood obtained from
patients with RA, with PsA, and controls. The in‑
terphase cells were removed, washed twice in
phosphate‑buffered saline without Ca2+ and Mg2+
and resuspended in RPMI (Roswell Park Memori‑
al Institute) 1640 medium containing human al‑
bumin (2%). The viability of the obtained periph‑
eral blood mononuclear cells (PBMCs) was always
above 95%, as determined by trypan blue stain‑
ing. The viable cells were quantified in the Neu‑
bauer chamber.

and 31 patients with PsA treated either at the De‑
partment of Rheumatology and Connective Tis‑
sue Diseases or at the Department of Dermatol‑
ogy, Venereology and Pediatric Dermatology of
the Medical University of Lublin, Poland. All pa‑
tients with RA fulfilled the 1987 American Col‑
lege of Rheumatology criteria for the diagnosis
of RA. PsA was diagnosed using the Classifica‑
tion of Psoriasis Arthritis (CASPAR) criteria. Pe‑
ripheral blood was collected from all the stud‑
ied patients and 52 healthy volunteers (con‑
trols). Both in patients with RA and those with
PsA, the number of painful and swollen joints
was counted and the Disease Activity Score 28
(DAS28) and visual analog scale score were cal‑
culated. In all patients, the following parameters
816
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Flow cytometry analysis A total of 500 000
cells were incubated with fluorochrome
‑labeled monoclonal antibodies (Mabs), that is,
anti–CD3‑PerCP, anti–CD4‑FITC, anti–CD8‑PE,

TABLE 1

Clinical data of patients with psoriatic arthritis and rheumatoid arthritis

Parameter
Age, y, median (range)
Sex, n (%)

PsA

RA

(n = 31)

(n = 100)

P value

54 (29–77)

58 (20–85)

0.03

Female

7 (22.58)

91 (91)

<0.001

Male

24 (77.24)

9 (9)

Duration of the disease, y, median (range)

8 (1–24)

10 (0–40)

0.47

Age of disease onset, y, median (range)

43 (18–75)

46 (3–77)

0.26

Positive family history, n (%)

15 (48.39)

49 (49)

0.95

Median (range)

12.0 (2–86)

30.0 (2–120)

<0.001

Above normal,
n (%)

20 (64.52)

94 (94)

Erythrocyte sedimentation
rate, mm/h
C‑reactive protein, mg/dl

Median (range)

1.9 (1.0–44.5)

13.0 (0.1–180.0)

Above normal,
n (%)

10 (32.26)

72 (72)

<0.001

RF positivity, n (%)

1 (11.11)

75 (75)

<0.001

Anti‑CCP antibody positivity, n (%)

0

73 (73)

<0.001

Number of tender joints, median (range)

5 (0–12)

4 (0–23)

0.71

Number of swollen joints, median (range)

0 (0–6)

1 (0–16)

0.10

Patient visual analog scale, median (range)

50 (0–70)

32 (1–94)

0.29

Median (range)

3.6 (1.0–6.0)

4.6 (1.3–7.1)

<0.01

State of remission, n (%)

6 (19.35)

16 (16)

Low activity, n (%)

6 (19.35)

13 (13)

Moderate activity, n (%)

17 (54.84)

32 (32)

High activity, n (%)

2 (6.45)

39 (39)

Oligoarticular (≤5 joints)

19 (61.29)

_

_

Polyarticular

9 (29.03)

Distal interphalangeal predominant

3 (9.68)

Spondylitis predominant

0

Mutilans

0
<0.001

Disease Activity Score 28

Clinical subsets of PsA, n (%)

Medications, n (%)
None

23 (74.19)

6 (6)

1 DMARD

8 (25.81)

18 (18)

1 DMARD + GC

0

42 (42)

2 or 3 DMARDs

0

8 (8)

2 DMARDs + GC

0

22 (22)

Abbreviations: anti‑CCP, anti‑citrullinated protein antibody; DMARD, disease‑modifying antirheumatic drug; GC,
glucocorticoid; PsA, psoriatic arthritis; RA, rheumatoid arthritis

and anti–PD‑1‑APC (clone MIH4) (all Becton
Dickinson, Franklin Lakes, New Jersey, United
States) at room temperature for 20 minutes. In
each sample, approximately 300 000 stained
cells were analyzed by flow cytometry using
a FACSCanto II flow cytometer (BD Bioscienc‑
es, San Jose, California, United States). Data
analysis was performed by FACS Diva 8.0. Lym‑
phocytes were gated from PBMCs by setting ap‑
propriate forward and side scatter parameters.
Due to the exceptionally high percentage of
CD4+PD‑1+ and CD8+PD‑1+ T cells in patients
with RA, the mean fluorescence intensity (MFI)
of PD‑1 on CD4+ and CD8+ T cells was analyzed.
The cut-off values were based on a negative con‑
trol in the analyzed samples.
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Statistical analysis A statistical analysis was
performed using Statistica 10.0 PL (StatSoft
Inc., Tulsa, Oklahoma, United States). The fig‑
ures were created using GraphPad Prism 5
(GraphPad Software Inc., San Diego, Califor‑
nia, United States). The median values with
range (min–max) were calculated for continuous
variables, whereas categorical variables were pre‑
sented as absolute (n) and relative numbers (%).
To compare continuous variables between 2
study groups, the Mann–Whitney test was used,
while the Kruskal–Wallis test was applied to com‑
pare continuous variables between more than 2
groups of patients. The comparison of categor‑
ical variables between the studied subgroups of
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Figure 1 Comparisons of percentages, absolute numbers, and mean fluorescence intensity (MFI) of PD‑1 on CD4+ and CD8+ T cells between
patients with psoriatic arthritis (PsA), rheumatoid arthritis (RA), and controls

patients was conducted by the Pearson χ2 test. A P
value of less than 0.05 was considered significant.
Results Comparison of PD‑1 expression on pe‑
ripheral CD4+ and CD8+ T cells The percentage

of CD4+ T cells with PD‑1 expression was higher
in patients with RA as compared with controls
(median, 82.72% [range, 9.49–98.53] vs 2.57%
[range, 0.32–8.74], P <0.001). Similarly, an in‑
creased percentage of PD‑1+ cells was detected
on CD8+ T cells in RA patients compared with
controls (median, 88.08% [range, 16.16–99.70]
818
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vs 4.99% [range, 1.30–20.13], P <0.001). Con‑
trary to the findings in RA patients, the per‑
centage of CD4+PD‑1+ T cells was lower in pa‑
tients with PsA, as compared with controls (me‑
dian, 1.56% [range, 0.55–4.24] vs 2.57% [range,
0.32–8.74], P <0.001). The expression of PD‑1 on
CD8+ T cells was downregulated in patients with
PsA, as compared with controls (median, 2.73%
[range, 1.04–8.60] vs 4.99% [range, 1.30–20.13],
P <0.001).
The absolute number of CD4+ T cells with PD‑1
expression was higher in patients with RA, as

PD-1 on CD4+ T cells
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104
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0 10
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104

105

–265

0

compared with controls (median, 158 cells/μl
[range, 3–926 cells/μl] vs 13 cells/μl [range, 1–44
cells/μl], P <0.001). Similarly, a higher absolute
number of CD8+PD‑1+ T cells was detected in pa‑
tients with RA, as compared with controls (me‑
dian, 155 cells/μl [range, 3–744 cells/μl] vs 10
cells/μl [range, 1–68 cells/μl], P <0.001). The ab‑
solute number of CD4+PD‑1+ T cells was not dif‑
ferent in patients with PsA when compared with
controls (median, 10 cells/μl [range, 2–43 cells/
μ l] vs 13 cells/μl [range, 1–44 cells/μ l], P =
0.437). The expression of PD‑1 on CD8+ T cells
also did not differ between patients with PsA and
controls (median, 9 cells/μl [range, 1–24 cells/
μ l] vs 10 cells/μl [range, 1–68 cells/μ l], P =
0.26).
The MFI of PD‑1 on CD4+ T cells was higher
in patients with RA as compared with controls
(median, 421 [range, 132–969] vs 205 [range,
138–300], P <0.001). Similarly, the MFI of PD‑1
on CD8+ T cells was higher in patients with RA
ORIGINAL ARTICLE
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Figure 2
Representative flow
cytometry analysis of
programmed death-1
(PD‑1) expression on
CD4+ and CD8+ T cells
from 1 healthy volunteer
(control), 1 patient with
psoriatic arthritis (PsA),
and 1 patient with
rheumatoid arthritis (RA)

2

–102 0 10

–322

103

104

CD8 PE-A

105

as compared with controls (median, 437 [range,
127–977] vs 187 [range, 98–326], P <0.001).
The median MFI of PD‑1 on CD4+ and CD8+ T
cells in patients with PsA was not different from
that in controls (222 [range, 163–309], P = 0.226
and 198 [range, 93–262], P = 0.754, respectively).
A comparative analysis of PD‑1 expression on
CD4+ and CD8+ T cells between patients with
RA and those with PsA and controls is shown in
Figure 1 . A representative flow cytometry analy‑
sis of PD‑1 expression on CD4+ and CD8+ T cells
in 1 patient with RA, 1 patient with PsA, and 1
control subject is presented in Figure 2 .
Comparison of PD‑1 on CD4+ and CD8+ T cells be‑
tween treated and untreated patients No signifi‑

cant differences were found in the absolute num‑
bers, MFI, and percentages of CD4+ and CD8+ T
cells with PD‑1 expression between patients with
PsA, either treated or untreated (Table 2 ).
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TABLE 2 Distribution of CD4+ and CD8+ T cells with programmed death‑1 (PD‑1) expression in patients with
psoriatic arthritis who received or did not receive treatment with systemic medications
PD‑1 expression

IU

PsA
No treatment

CD4+PD‑1+

CD8+PD‑1+

DMARD

P value

(n = 23)

(n = 8)

Cells/μl

10 (2–29)

13 (2–43)

0.64

%

1.57 (0.55–3.26)

1.49 (0.61–4.24)

0.82

MFI

224 (165–309)

205 (163–252)

0.38

Cells/μl

9 (1–24)

10 (3–24)

0.57

%

3.21 (1.04–8.60)

2.66 (1.10–6.56)

0.91

MFI

184 (93–354)

207 (93–246)

0.98

Data are presented as median (min–max).
Abbreviations: MFI, mean fluorescence intensity; others, see TABLE 1
TABLE 3 The distribution of CD4+ and CD8+ T cells with programmed death‑1 (PD‑1) expression in patients with rheumatoid arthritis who received
or did not receive treatment with systemic medications
PD‑1
expression

IU

RA
No treatment or GC
only

1 DMARD only

1 DMARD + GC

2 or 3 DMARDs

2 DMARDs + GC

(n = 18)

(n = 42)

(n = 8)

(n = 22)

172 (21–509)

128 (3–879)

114 (64–440)

162 (20–869)

P value

(n = 10)
CD4+PD‑1+

CD8+PD‑1+

Cells/μl

213 (20–926)

0.73

%

81.17 (19.15–94.49)

78.51 (9.49–98.40)

75.72 (13.00–96.28)

83.41 (68.96–95.01)

88.17 (33.90–98.53)

0.02

MFI

419 (169–969)

342 (259–664)

353 (132–859)

447 (241–703)

553 (259–955)

0.01

Cells/μl

165 (36–504)

168(16–457)

125 (3–682)

197 (50–699)

134 (30–744)

0.74

%

85.51 (27.54–99.35)

83.69 (18.45–99.70)

84.62 (16.16–98.81)

92.95 (85.04–96.07)

93.85 (30.62–99.66)

0.10

MFI

467 (174–837)

353 (219–716)

414 (127–977)

543 (257–805)

586 (254–894)

0.04

Data are presented as median (min–max).
Abbreviations: see Tables 1 and 2

Significant differences were found in the per‑
centages and MFI, but not in the absolute num‑
bers of CD4+ and CD8+ T cells with PD‑1 expres‑
sion, between untreated and treated patients in
the RA group (Table 3 ).
Analysis of correlations between PD‑1 expression on
CD4+ and CD8+ T cells and clinical subsets of psori‑
atic arthritis In patients with PsA, PD‑1 expres‑

sion on CD4+ and CD8+ T cells was not signifi‑
cantly different between the 3 clinical subsets of
the disease (Table 4 ).
Discussion The important role of PD‑1 in im‑
mune regulation was demonstrated in animal
studies, which showed that its genetic deficien‑
cy in mice (pdcd1-/-) resulted in spontaneous de‑
velopment of arthritis, dilated cardiomyopathy,
or lupus‑like autoimmune disease.15,16
Previous reports noted the association of
the polymorphisms in PD‑1 gene and the devel‑
opment of various rheumatic diseases, such as
PsA, RA, systemic lupus erythematosus (SLE),
and ankylosing spondylitis.17-20 However, there
are scarce and conflicting data concerning the ex‑
pression level of PD‑1 and its role in the T‑cell ac‑
tivation and functioning in rheumatic diseases.
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Interestingly, in our study, we found opposite
results for PD‑1 expression on CD4+ and CD8+
T cells in patients with RA and PsA, because in
patients with RA the expression was significant‑
ly higher, whereas in those with PsA, it was sig‑
nificantly lower in comparison with the control
group. In patients with RA, the absolute num‑
bers of CD4+PD‑1+ and CD8+PD‑1+ T cells were
also significantly higher than in controls. These
findings might confirm the presence of differ‑
ent mechanisms of PD‑1 regulation, which will
ultimately compromise its function and enhance
T‑ cell response both in RA and PsA. Interest‑
ingly, in patients with RA, the increased MFI of
PD‑1 on CD4+ and CD8+ T cells was also observed,
which may suggest that an increased expression
of PD‑1 in these patients is due to increased abso‑
lute numbers and percentages of CD4+PD1+ and
CD8+PD‑1+ T cells as well as the high intensity of
PD‑1 expression. It seems plausible that high ex‑
pression of PD‑1 on T cells in RA might be a result
of the induction of follicular helper T cells (Tfh),
a recently discovered subset of CD4+ T cells char‑
acterized by the expression of PD‑1. This appears
to contribute to B‑cell activation, differentiation,
and survival, and may explain the production of
specific serum autoantibodies (RF and anti‑CCP
antibodies) by the B‑memory cells in RA.

TABLE 4

Distribution of CD4+ and CD8+ T cells with programmed death‑1 (PD‑1) expression in the subsets of psoriatic arthritis

PD‑1
expression
CD4+PD‑1+

CD8 PD‑1
+

+

IU

PsA

P value

Oligoarticular

Polyarticular

(n = 19)

(n = 9)

Distal interphalangeal predominant
(n = 3)

Cells/μl

11 (2–43)

14 (2–28)

2 (2–9)

0.11

%

1.60 (0.55–4.24)

1.44 (0.85–3.11)

0.65 (0.61–1.56)

0.21

MFI

222 (178–300)

215 (163–252)

269 (243–309)

0.15

Cells/μl

10 (1–24)

9 (4–22)

8 (4–12)

0.88

%

3.73 (1.05–7.63)

1.89 (1.10–8.60)

2.73 (1.04–3.29)

0.46

MFI

203 (93–354)

177 (96–262)

198 (96–231)

0.97

Data are presented as median (min–max).
Abbreviations: see TABLES 1 and 2

Bautista‑Caro MB et al21 observed decreased
frequencies of blood Tfh cells in patients with
ankylosing spondylitis. Therefore, it can be spec‑
ulated that the decreased PD–1‑positive T cells,
including Tfh cells, are found in seronegative ar‑
thritis and may reflect their possible inability to
produce autoantibodies.22,23 There have been few
studies assessing the number of Tfh in patients
with psoriaris. Shin et al22 found a decreased
number of PD‑1+ Tfh cells in these patients. How‑
ever, Niu et al24 revealed that Tfh cells and ac‑
tivated B cells were increased in the peripheral
blood of psoriatic patients and positively cor‑
related with the disease severity. Since the role
of humoral immunity in psoriasis and other se‑
ronegative spondyloarthropapthies is not well
‑established, its contribution to the pathogeneses
of these diseases requires further investigation.
In most cases, it is not difficult to differenti‑
ate between RA and PsA on the basis of the pa‑
tient’s medical history and physical examina‑
tion complemented by laboratory testing of RF
and/or anti‑ CCP antibodies. Nevertheless, in
patients with polyarticular symmetric joint in‑
volvement or in rare cases of the simultaneous
presence of RA and PsA, the differential diag‑
nosis may be more challenging.25 Moreover, it
is known that both RF and anti‑CCP antibody
titers may be negative in about 12% to 30% of
patients with RA, whereas in patients with PsA,
the positive anti‑CCP antibody titer is present in
5.6% to 20% of patients while from 5% to 10% of
patients are positive for RF.26-28 Also, the major‑
ity of patients positive for anti‑CCP antibodies
showed polyarticular joint involvement or ero‑
sive changes and other forms of bone destruction
mimicking RA; thus, sensitive and specific diag‑
nostic tools are still needed. In our small group of
9 patients (29.03%) with polyarticular symmetric
PsA, PD‑1 expression on CD4+ and CD8+ was not
significantly different from that observed in pa‑
tients with other clinical subsets of PsA.
Contrary to our results, Li et al29 observed that
patients with RA had a decreased expression of
PD‑1 on CD4+ and CD8+ T cells, which inversely
correlated with positive CRP levels and DAS28
score. They also observed decreased serum levels
ORIGINAL ARTICLE

of sPD‑1. The discrepancies between our results
might be related to using a different clone of
anti‑PD‑1 for T‑cell labeling. In our study, all
participants were Caucasians, while in the study
of Li et al,29 they were of Han Chinese ethnicity.
Since we were aware that our results showed
an exceptionally high PD‑1 expression on the pe‑
ripheral CD4+ and CD8+ T cells in our patients
with RA, we decided to analyze the MFI. The ob‑
tained results confirmed high fluorescence inten‑
sity of PD‑1 with a median value of 421 on CD4+
and 437 on CD8+.
In the light of the published reports,23,30 it
seems that in patients with RA the increased
serum and synovial sPD‑1 might contribute to
T‑cell hyperactivity and inflammatory response
in the joints. Thus, an increased PD‑1 T‑cell ex‑
pression may not be capable of counteracting
the inhibitory effect of sPD‑1. Therefore, even
though the PD‑1 expression in RA is high, it is
likely that has insufficient ability to downregu‑
late the T‑cell activation.
Importantly, an increased expression of PD‑1
was reported in other autoimmune connective
tissue diseases: on T cells in SLE and on sali‑
vary lymphocytes in Sjögren syndrome31,32 Dolff
et al,32 who investigated a group of 32 patients
with SLE, found higher percentages of PD‑1 ex‑
pression on CD4+ T cells in patients with SLE
(mean [SD], 18.6% [11.2%]) in comparison with
controls (mean [SD], 10.3% [4.3%]) (P = 0.008).
The MFI of PD‑1 on CD4+ T cells was also sig‑
nificantly higher in patients with SLE than in
the control group.
As for PsA, the decreased PD‑1 expression on
CD4+ and CD8+ T cells seems to be justified since
without the negative regulatory role of PD‑1,
the sustained activation of T cells will lead to
chronic cytokine production.
Peled et al,33 in the group of 20 patients with
PsA, found that the percentage of CD3+PD‑1+
T cells was higher in these patients, as compared
with healthy controls. However, the authors ob‑
served an inverse correlation with the disease ac‑
tivity: the higher the number of swollen and/or
tender joints, the lower the percentage of PD–1
‑expressing T cells.

PD‑1 in rheumatoid arthritis and psoriatic arthritis

821

It is noteworthy that in our study the absolute
numbers, percentages, and MFI of PD‑1 on CD4+
and CD8+ in patients with PsA failed to show
a significant difference regardless of whether they
were treated or not with systemic medications.
As for patients with RA, depending on the treat‑
ment regimen (ie, 1 DMARD, 2 or 3 DMARDs
with or without GC, etc), we found some signif‑
icant differences in the percentages and MFI of
CD4+PD‑1+ and CD8+PD‑1+, but the differenc‑
es in the absolute numbers were not significant.
However, all the median values of the percent‑
ages and MFI of CD4+PD‑1+ and CD8+PD‑1+ in
patients with RA were still significantly higher
in comparison with the control group. Chen et
al,34 who investigated patients with ankylosing
spondylitis and RA treated with various system‑
ic medications, did not observe significant differ‑
ences in PD‑1 levels regardless of whether they
received tumor necrosis factor inhibitors or not.
One possible limitation of our study is a small‑
er number of patients with PsA in comparison
with the number of patients with RA.
In conclusion, a thorough elucidation
of the molecular mechanisms involved in
the PD‑1/PDL‑1 pathway and the role of this
pathway in RA and PsA would undoubtedly im‑
prove the diagnosis and possibly provide new
and more effective therapeutic options.
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