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Abstract
The etiology of rheumatoid arthritis (RA) is thought to involve dysfunction of the programmed cell death 1/programmed cell 
death ligand 1 (PD-1/PD-L1) pathway; PD-1 negatively regulates autoimmunity by interacting with its ligand, PD-L1. We 
therefore investigated PD-1/PD-L1 expression in synovial tissue of patients with RA. We immunohistochemically stained 
synovial specimens from 51 patients with RA and assessed the association between PD-1/PD-L1 expression and rheumatoid 
factor (RF), the total count of infiltrating T cells, C-reactive protein (CRP), and Krenn’s synovitis score. PD-1 expression on 
infiltrating lymphocytes was detected in 34/51 RA cases (66.7%), while PD-1 expression was very mildly correlated only 
with the number of total infiltrating T cells (R2 = 0.1011, P = 0.0230). On the other hand, PD-L1 expression on synovial 
lining cells was observed in 37/51 RA cases (72.5%). Furthermore, a higher PD-L1 expression was significantly associated 
with RF positive state (P = 0.0454), and the correlations between PD-L1 expression and the number of infiltrating T cells 
(R2 = 0.5571, P < 0.0001), CRP (R2 = 0.4060, P < 0.0001), and Krenn’s synovitis score (R2 = 0.7785, P < 0.0001) were con-
firmed. PD-1 was expressed on infiltrating lymphocytes, while PD-L1 was expressed on synovial lining cells; the expression 
of PD-L1 on synovial lining cells was significantly correlated with the active state of the disease. These data suggest that 
PD-1/PD-L1 pathway may have an important role in the pathogenesis of RA.
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Introduction

Rheumatoid arthritis (RA) is a chronic inflammation of 
the joints due to autoimmune disorder. RA is prevalent in 
~ 1% of the population, and many patients endure long-term 
destruction of bone and cartilage, resulting in severe deform-
ity and joint instability [1, 2]. Treatments have advanced 
dramatically with the advent of methotrexate (MTX) 
and biological agents. However, RA pathophysiology is 

complicated, and therapeutic effects remain unsatisfactory 
[3]. Rheumatoid arthritis synovial tissue is characterized 
by villous proliferation of synoviocytes and infiltration of 
inflammatory cells, chiefly comprising lymphocytes [4], 
mainly CD4+ or CD8+ T cells, which both have cytotoxic 
function [5, 6]. Nonetheless, studies have suggested that 
CD4+ T cells play an especially important role [3].

Programmed cell death 1 (PD-1), a member of the 
CD28 family, is a 55 kDa transmembrane protein [7]. PD-1 
is expressed on activated T cells, B cells, and monocytes 
[8]; PD-1 negatively regulates the T cell receptor (TCR) 
signal by recruiting src homology two-domain-contain-
ing tyrosine phosphatase 2 (SHP-2) to the phosphorylated 
tyrosine residue in the cytoplasmic region [9]. Interest-
ingly, PD-1 −/− mice develop autoimmune diseases. For 
instance, C57BL/6 mice develop glomerulonephritis and 
arthritis [10], while BALB/c mice develop autoimmune 
dilated cardiomyopathy [11]. Programmed cell death 
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ligand 1 (PD-L1) and programmed cell death ligand 2 
(PD-L2), both ligands for PD-1, belong to the B7 super-
family [12, 13]. PD-L1, a type 1 transmembrane protein, 
inhibits proliferation and activation of T cells by interact-
ing with PD-1 [14]. Recently, it has been demonstrated 
that various malignant tumors express PD-L1 and escape 
from the host immunity by suppressing T cell activity [15]. 
Furthermore, in Sjögren’s syndrome (SS), PD-L1 expres-
sion on salivary gland ductal and acinar epithelial cells 
was observed and correlated with the degree of lympho-
cyte infiltration [16]. These results suggest that the PD-1/
PD-L1 pathway is critical to the regulation of immunity 
and may be closely related to the pathogenesis of malig-
nant tumors and autoimmune diseases.

In RA, PD-1 expression on T cells infiltrating the syn-
ovium, synovial fluid, and peripheral blood [17–19] and 
PD-L1 expression on synovial tissue and synovial fluid 
[3, 18] have been reported. However, particularly with 
respect to PD-1 expression on T cells, there are reports 
of both elevation [17–19] and suppression [20]; no defini-
tive understanding has been obtained. Additionally, the 
relationship between clinicopathological characteris-
tics and PD-1/PD-L1 expression in RA synovium has 
not been revealed to date. We therefore evaluated PD-1/
PD-L1 expression in the synovial tissues of patients with 
RA using immunohistochemical (IHC) staining, and we 
statistically analyzed associations between clinicopatho-
logical features and PD-1/PD-L1 expression.

Materials and methods

Patients and samples

We investigated 51 RA patients who underwent total joint 
replacement surgery at Kurume University and Kurume 
University Medical Center from 1995 to 2009, by retriev-
ing formalin-fixed, paraffin-embedded (FFPE) synovial 
tissues. Two rheumatologists (K.M. and S.Y.) re-evalu-
ated the patients, and all of them met the 2010 Ameri-
can College of Rheumatology/European League Against 
Rheumatism criteria [21]. Synovial tissues of 22 patients 
with radiologically diagnosed osteoarthritis (OA) were 
used as controls. Samples were reviewed by two patholo-
gists (K.O. and H.M.) who were blinded to any clinical 
information and classified according to Krenn’s synovitis 
score [22, 23]. Clinical data were obtained from patients’ 
medical records. This study was approved by the Research 
Ethics Committee of Kurume University, and all patients 
provided written informed consent for the use of their sam-
ples, according to the Declaration of Helsinki.

Immunohistochemical staining and evaluation

Immunohistochemical (IHC) staining was performed 
according to the manufacturer’s protocol, to assess the 
expression of lymphocyte markers and PD-1 on infiltrating 
lymphocytes and the expression of PD-L1 on synovial lining 
cells. Briefly, FFPE tissues of 3-µm thickness were deparaffi-
nized, heated in a microwave for antigen retrieval, and incu-
bated with 3%  H2O2 for endogenous peroxidase blocking. 
The primary antibodies used for IHC were as follows: PD-1 
(mouse monoclonal, clone: NAT105, ab52587, Abcam) at 
1:100, PD-L1 (rabbit monoclonal, clone:  E1L3N®, 13684, 
Cell Signaling Technology) and Negative Control Rabbit 
Immunoglobulin Fraction (rabbit polyclonal, X0903, Dako) 
for isotype control at 1:200, CD3 (mouse monoclonal, clone: 
F7.2.38, M7254, Dako) at 1:50 for total T cell marker, CD20 
(mouse monoclonal, clone: L26, IR604, Dako) at 1:5 for B 
cells, CD56 (mouse monoclonal, clone: 1B6, NCL-L-CD56-
1B6, Leica) at 1:100 for natural killer (NK) cells, and TIA-1 
(mouse monoclonal, clone: 2G9A10F5, IM2550, Beckman 
Coulter) at 1:200 for cytotoxic marker of cytotoxic T-lym-
phocytes (CTL) or NK cells. The secondary antibody used 
was the Dako REAL EnVision System (Dako). The immu-
noreaction was visualized by using diaminobenzidine for 
5 min.

Infiltrating lymphocytes were defined as PD-1 positive 
when the cell membrane was stained. The number of posi-
tive cells per 100 lymphocytes in three fields was manu-
ally calculated by using an optical microscope at 400-fold 
magnification. Synovial lining cells were defined as PD-L1 
positive when the cytoplasm or cell membrane was stained. 
As for CD3, CD20, CD56, and TIA-1, three fields were 
observed at 400-fold magnification, and the number of posi-
tive lymphocytes per field was evaluated.

Statistical analysis

The JMP version 12 software package (SAS Institute, Tokyo, 
Japan) was used for statistical analyses. The Mann–Whitney 
U test was used for the comparison between two independent 
groups, and the Kruskal–Wallis test was used for independ-
ent multiple groups. A P value less than 0.05 was interpreted 
as statistically significant.

Results

Clinicopathological characteristics of patients

Table 1 shows patient characteristics. This study included 
a total of seven male (13.7%) and 44 female (86.3%) RA 
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patients; their mean age was 61.1 years (range, 27–85 years). 
Rheumatoid factor (RF) was positive in 45 cases (88.2%) 
and negative in six cases (11.8%); C-reactive protein (CRP) 
was 0–8.8 mg/dL (mean, 2.1 mg/dL). Regarding treatment 
regimens, 39 cases (76.5%) were using disease-modifying 
antirheumatic drugs (DMARDs), which comprised 11 cases 
(21.6%) using MTX, and 28 cases (54.9%) using DMARDs 
other than MTX; the remaining 12 cases (23.5%) were using 

corticosteroid only. There was no case using biological 
agents. The distribution of Krenn’s synovitis scores was as 
follows: Five cases (9.8%) had a score of 4; five cases (9.8%) 
scored 5; ten cases (19.6%) scored 6; 15 cases (29.4%) 
scored 7; 12 cases (29.4%) scored 8; and four cases (7.8%) 
scored 9.

Features of lymphocytes infiltrating the RA 
synovium

In RA tissue, infiltrating lymphocytes were mostly CD3-
positive T cells (Fig. 1a). CD20-positive B cells were mainly 
observed in lymphoid follicles, and the number of those 
infiltrating the synovium was small (Fig. 1b). CD56-positive 
NK cells were rarely seen (Fig. 1c). Some of the infiltrating 
lymphocytes were TIA-1 positive (Fig. 1d). In addition, the 
number of CD3-positive T cells correlated strongly with the 
number of TIA-1-positive lymphocytes (Fig. 2: R2 = 0.9046, 
P < 0.0001).

PD‑1 and PD‑L1 expression in RA and OA synovium

PD-1 expression on infiltrating lymphocytes was observed 
in 34/51 RA cases (66.7%) and 0/22 OA cases (0%); repre-
sentative specimens are shown in Fig. 3a, b, respectively. 
The distribution is shown in Fig. 4a. The number of PD-
1-positive lymphocytes was significantly larger in RA than 
in OA (P < 0.0001). PD-L1 expression on synovial lining 
cells was confirmed in 37/51 RA cases (72.5%) and 3/22 OA 
cases (13.6%); representative tissues are shown in Fig. 3c, 
d, respectively. The distribution is shown in Fig. 4b. PD-L1 

Table 1  Clinicopathological characteristics of patients

RF rheumatoid factor, CRP C-reactive protein, MTX methotrexate, 
DMARDs Disease-modifying antirheumatic drugs

Characteristic ALL (n = 51) (%)

Sex
 Male/female 7/44 13.7/86.3

Age, mean (range), years old 61.1 (27–85)
RF positive/negative 46/5 90.2/9.8
CRP, mean (range) (mg/dL) 2.1 (0–8.8)
Drugs
 MTX 11 21.6
 Non-MTX-DMARDs 28 54.9
 Corticosteroid only 12 23.5

Krenn’s score
 4 5 9.8
 5 5 9.8
 6 10 19.6
 7 15 29.4
 8 12 23.5
 9 4 7.8

Fig. 1  Immunohistochemi-
cal staining of rheumatoid 
arthritis (RA) synovial tissues 
for each lymphocyte marker. 
a Lymphocytes infiltrating the 
RA synovium were mostly 
CD3-positive T cells. b In RA, 
CD20-positive B cells were 
mainly found in lymphoid fol-
licles, and the number of those 
infiltrating the synovium was 
small. c CD56-positive NK 
cells were rarely found in RA 
synovium. d Some lymphocytes 
infiltrating the RA synovium 
were TIA-1 positive
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expression was also significantly higher in RA than in OA 
(P < 0.0001).

In RA synovium, PD-1-positive lymphocytes were 
detected in 24/39 cases (61.5%) treated with DMARDs, 
which comprised 8/11 cases (72.7%) treated with MTX and 
16/28 cases (57.1%) treated with non-MTX-DMARDs; PD-
1-positive lymphocytes were detected in 10/12 cases (83.3%) 
treated with corticosteroid only. On the other hand, PD-L1 
was expressed on synovial lining cells in 29/39 DMARDs-
treated cases (74.4%), comprising 8/11 MTX cases (72.7%) 
and 21/28 non-MTX-DMARDs-treated cases (75.0%); 

PD-L1 was expressed on synovial lining cells in 8/12 cases 
(66.7%) treated with corticosteroid only. The distribution 
is shown in Fig. 4c, d, respectively; there was no signifi-
cant difference in the number of PD-1-positive lymphocytes 
(P = 0.2824) and PD-L1 expression on synovial lining cells 
(P = 0.2368) when divided into each group.

Relationship between the number of PD‑1‑positive 
lymphocytes and the state of disease in RA 
synovium

We analyzed the associations between the number of PD-
1-positive lymphocytes and the markers related to the state 
of disease such as RF state, the number of CD3-positive T 
cells, CRP, and Krenn’s synovitis score in RA synovium. 
The number of PD-1-positive lymphocytes was not associ-
ated with RF state (Fig. 5a: P = 0.1803). The correlation 
between the number of PD-1-positive lymphocytes and the 
number of CD3-positive T cells was very mild (Fig. 5b: 
R2 = 0.1011, P = 0.0230). On the other hand, there was no 
correlation between the number of PD-1-positive lympho-
cytes and CRP (Fig. 5c: R2 = 0.0147, P = 0.3970), or Krenn’s 
synovitis score (Fig. 5d: R2 = 0.0183, P = 0.344).

Relationship between PD‑L1 expression on synovial 
lining cells and the state of disease in RA synovium

We also analyzed the associations between PD-L1 expres-
sion on synovial lining cells and RF state, the number of 
CD3-positive T cells, CRP, and Krenn’s synovitis score in 
RA synovium. PD-L1 expression was significantly associ-
ated with RF state (Fig. 6a: P = 0.0454) and correlated with 

Fig. 2  Relationship between the number of CD3-positive T cells and 
the number of TIA-1-positive cells in rheumatoid arthritis (RA) syn-
ovium. The number of CD3-positive T cells strongly correlated with 
the number of TIA-1-positive cells in RA synovium (R2 = 0.9046, 
P < 0.0001)

Fig. 3  Immunohistochemical 
staining of rheumatoid arthritis 
(RA) and osteoarthritis (OA) 
synovial tissues for pro-
grammed cell death 1 (PD-1)/
programmed cell death ligand 
1 (PD-L1). a Infiltration of PD-
1-positive cells was observed in 
the RA synovium. b Infiltration 
of PD-1-positive cells was not 
seen in the OA synovium. c 
PD-L1 expression on synovial 
lining cells in RA. d PD-L1 was 
rarely expressed on synovial 
lining cells in OA
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the number of CD3-positive T cells (Fig. 6b: R2 = 0.5571, 
P < 0.0001), CRP (Fig. 6c: R2 = 0.4060, P < 0.0001), and 
Krenn’s synovitis score (Fig. 6d: R2 = 0.7785, P < 0.0001).

Discussion

Most autoimmune diseases result from dysfunction in a 
complicated immune tolerance system; the PD-1 pathway is 
one facet of this system [24]. PD-1-deficient mice developed 
autoimmune arthritis [10, 18]; PD-1-positive T cells are 
thought to be involved in the control of autoimmune arthri-
tis. It was reported that PD-1 suppressed T cell proliferation 
and that blockade of PD-1 enhanced antiviral immunity [25]. 
Recently, it has been demonstrated that various malignant 
tumor cells expressing PD-L1 and/or PD-L2, the ligands for 
PD-1, escape from the host immunity by rejecting CD8+ 
cytotoxic T cells [26]. From the above, the function of PD-1 
is considered to suppress the immune response and regulate 
the peripheral tolerance.

It could be possible that PD-1 expression on infiltrating 
lymphocytes inversely correlates with disease state because 

PD-1 negatively regulates autoimmunity. In our study, PD-
1-positive lymphocytes increased in RA synovial tissues. 
However, no clear relationship was found between the num-
ber of PD-1-positive lymphocytes and RF status, CRP, and 
Krenn’s synovitis score; the correlation between the number 
of PD-1-positive lymphocytes and the number of CD3-posi-
tive T cells was very mild. In RA, PD-1-positive T cells have 
been reported to increase in plasma [19], synovial fluid [17, 
18], and synovial tissue [18]. Taken together, it is suggested 
that even though PD-1-positive lymphocytes increase in syn-
ovium to suppress inflammation, the effects of this PD-1 
immune tolerance mechanism may not be sufficient in RA. 
The linkage of single-nucleotide polymorphisms (SNPs) of 
the PD-1 gene to RA susceptibility [27] is also consistent 
with the possibility of PD-1 dysfunction in RA. In addition, 
the increased number of PD-1-positive lymphocytes may 
reflect the exhaustion of T cells due to chronic inflammation 
[28]. Yet, our results were not consistent with the previous 
study that demonstrated a decrease of PD-1 expression in 
peripheral T cells, implying various roles of PD-1 in RA 
[20]. This discrepancy might be due to the difference of the 
patient population such as race or duration of disease.

Fig. 4  Programmed cell death 1 (PD-1)/programmed cell death 
ligand 1 (PD-L1) expression in rheumatoid arthritis (RA) and oste-
oarthritis (OA) synovium. a The number of PD-1-positive cells 
was significantly larger in the RA group than in the OA group 
(P < 0.0001). b PD-L1 expression on synovial lining cells was sig-

nificantly higher in the RA group than the OA group (P < 0.0001). 
c There was no significant difference between RA treatment groups 
in the number of PD-1-positive cells (P = 0.2824). d There was no 
significant difference between RA treatment groups in the PD-L1 
expression on synovial lining cells (P = 0.2368)
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On the other hand, a higher PD-L1 expression on synovial 
lining cells was significantly associated with RF positive 
state, a larger number of infiltrating CD3-positive T cells, 
a higher CRP, and a higher Krenn’s synovitis score in RA. 
These results suggest that PD-L1 expression on synovial lin-
ing cells reflects the disease state. PD-L1 plays an important 
role in the immune escape mechanism of many malignant 
tumors [15]. In recent years, inhibition therapy of malignant 
tumors that targets the PD-1/PD-L1 pathway with anti-PD-1 
antibody has made remarkable progress [29]. Thus, PD-L1 
contributes to peripheral tolerance by interacting with PD-1.

However, the perpetuation of synovitis in the presence of 
an immunosuppressive system such as PD-L1-positive syno-
vial lining cells is paradoxical. One possible explanation is 
that the negative adjustment in immunity effected by PD-1/
PD-L1 or a similar system may be an inadequate counter-
weight to strong immune stimulation. In patients with RA 
and SS, the concentrations of the inhibitory cytokine IL-10 
were elevated, suggesting that negative adjustment may not 
work sufficiently [30–32]. Another possible explanation is 
the ectopic expression of PD-L1. PD-L1 is expressed not 

only on antigen-presenting cells (APC) but also on nonhe-
matological cells, which are nonprofessional APC, induced 
by IFN-γ stimulation [13, 16, 33]. PD-L1 expression on non-
professional APC has also been observed in salivary epithe-
lial cells in SS, and not just in malignant tumors. In addition, 
PD-L1 was expressed on human submandibular gland cells 
by IFN-γ stimulation. Furthermore, the expression of PD-L1 
on SS patients’ salivary epithelial cells was correlated with 
the degree of lymphocyte infiltration to the salivary glands 
[16]. The elevation of IFN-γ has been reported in RA syn-
ovium [34]; it is possible that PD-L1 expression on synovial 
lining cells may be induced by IFN-γ stimulation due to 
upregulation of infiltrating lymphocytes.

A recent study has confirmed the expression of PD-L1, 
PD-L2, B7-H3, and B7-H4 in the RA synovium [3]. In addi-
tion, administration of PD-L1.FC (fusion protein to activate 
PD-1) elevated PD-1 activity and inhibited T cell prolifera-
tion, resulting in the reduction of arthritis, in a mouse model 
[18]. The PD-1/PD-L1 pathway is therefore a promising 
therapeutic target in RA. Our results were consistent with 
those of previous studies.

Fig. 5  Relationship between the number of programmed cell death 
1 (PD-1)-positive cells and rheumatoid factor (RF), the number 
of CD3-positive T cells, C-reactive protein (CRP), and Krenn’s 
synovitis score in rheumatoid arthritis (RA) synovium. a The num-
ber of PD-1-positive lymphocytes was not associated with RF state 
(P = 0.1803). b The correlation between the number of PD-1-positive 

cells and the number of CD3-positive T cells was mild (R2 = 0.1011, 
P = 0.0230). c There was no correlation between the number of PD-
1-positive cells and CRP (R2 = 0.0147, P = 0.3970). d There was no 
correlation between the number of PD-1-positive cells and Krenn’s 
synovitis score (R2 = 0.0183, P = 0.3444)
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There are at least two limitations to our study. First, the 
number of patients in every treatment group was relatively 
small. There are many pharmacotherapies for RA, and they 
utilize a variety of mechanisms. In addition, differences 
between individual patients are large. Therefore, further 
studies with larger samples in every treatment group are 
required. Secondly, PD-1 and PD-L1 expression levels were 
evaluated by IHC only; further analyses such as gene abnor-
mality and transcriptional systems are needed to clarify the 
biological roles of PD-1/PD-L1 in RA.

In summary, this study investigated PD-1/PD-L1 expres-
sion on RA synovial tissue and found that PD-L1 expres-
sion on synovial lining cells was associated with the disease 
state. Our results suggest the possibility that PD-1/PD-L1 
axis may be involved in the pathogenesis of RA.
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