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Programmed-death 1 (PD-1) is a co-receptor that inhibits the inflammatory response, and thus helps in maintenance
of peripheral immunotolerance. Impairment in the PD-1/PD-L1 pathway is believed to play an important role in many
immune-mediated diseases, including systemic lupus erythematosus, rheumatoid arthritis, systemic sclerosis and au-
toimmune hepatitis, and, as emphasized recently, in psoriasis and psoriatic arthritis. Biologic drugs targeting immune
checkpoint regulators may be associated with new-onset psoriasis or exacerbations of pre-existing dermatosis. In this
review we discuss the role of PD-1/PD-L1 pathway in psoriasis basing on data published to date.
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Introduction

Psoriasis is a common, immune-mediated disease
which manifests with erythematous papules and plaques
with marked scaling on the skin. Psoriatic patients suf-
fer from many co-morbidities including psoriatic arthri-
tis, inflammatory bowel disease, autoimmune ocular
disease, and most importantly metabolic syndrome with
cardiovascular complications. In recent years all of the
above has changed the understanding of psoriasis from
only skin disease to the systemic condition associated
with many severe complications and shortening of the
life span [1].

Pathogenesis of psoriasis is complex and despite a lot
of research conducted, still not fully understood. One of
crucial phenomena in functioning of immune response in
psoriasis is chronic T-cell activation by antigen presenting
cells (APCs), but its exact cause remains unclear. Among
many theories, a role of disruption in immuno-tolerance
mechanisms is postulated as a part of development of
psoriasis, as well as many other immune-mediated dis-
eases [2]. In physiology, the natural immunotolerance is
secured by various mechanisms, including central nega-
tive selection of autoreactive T-cells, peripheral anergy,
peripheral suppression and clonal deletion [3].

The inhibitory co-receptor programmed death 1 (PD-1)
is a glycoprotein expressed on T-cells, B lymphocytes,
macrophages and monocytes. By interaction with its

ligands on hematopoietic and non-hematopoietic cells, it
blocks the activity of effector T-cells and promotes func-
tion of T-regulatory lymphocytes, being a well-known
checkpoint inhibitor responsible for maintenance of pe-
ripheral self-tolerance [4].

Being so important in proper functioning of the im-
mune system, it has been hypothesized that malfunc-
tioning of PD-1 and/or its ligands may be of great impor-
tance in chronic hyperactivity of T-cell mediated immune
response, which is observed in many different autoim-
mune conditions, including psoriasis. In this review we
discuss the physiology and pathology of the PD-1/PD-L1
pathway and its possible role in psoriasis and psoriatic
arthritis (PsA), basing on research published to date.

A search of databases was performed including
PubMed and EMBASE using phrases: PD1, PD-L1, psoria-
sis and psoriatic arthritis. Overall, we found 14 studies
evaluating the role of PD1/PD-L1 in psoriasis and psori-
atic arthritis and all of them were included and analysed
in this review (Figure 1).

Physiological function of the PD-1/PD-L1
pathway
PD-1, also known as CD279, is a transmembrane gly-

coprotein encoded by the PDCD1 gene and expressed on
the surface of activated T-cells (most commonly CD4+),
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Figure 1. Flow diagram of the study search and selection
process

B-cells and myeloid cells [5]. The molecule is a member of
the CTLA-4 (cytotoxic T-lymphocyte—associated antigen 4,
CD28) family and classified among T cell regulators. The
inhibitory effect on immune response is achieved by in-
teraction between PD-1 and its ligands, PD-L1 and PD-
L2, which belong to the B7 family. PD-L1 is expressed on
numerous hematopoietic and non-hematopoietic cells,
like neutrophils, lymphocytes and additional nonim-
mune cells including tumours, endothelial cells, stromal
cells and importantly, epithelial cells and keratinocytes
[6]. PD-L2 is present on the surface of APCs [7, 8]. PD-L1
binds to PD1 and CD80, while PD-L2 binds only to PD-1.
Interaction between PD-1 on CD4+ T-cells with CD80
located on APCs leads to reduction in CD4+ T cells ac-
tivity, by inhibition of the phosphatidylinositol 3-kinase
pathway, which results in decreased phosphorylation of
Akt and reduced expression of GATA-3, T-bet and Eomes
transcription factors. Another important result of PD-1/
PDI1L ligation is a positive effect on T regulatory lympho-
cyte (Tregs) quantity and function. Tregs are a subtype of
T-cells responsible for suppression of immune response
and maintenance of immunotolerance [9, 10]. Conclud-
ing, signals mediated via PD-1 and its ligands are respon-
sible for down-regulation of adaptive immune response,
and PD-1 ligands expression by non-lymphoid cells like
keratinocytes is important in maintaining immunotoler-
ance in peripheral organs [11].

PD-1/PD-L1 pathway in chronic inflammation

In cases of chronic infections, neoplasms and autoim-
mune diseases, PD-1 is expressed in higher amounts by
T-cells, and in these conditions it plays an important role
in limiting protective immunity. The molecule is classi-
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fied among markers of T-cells activation [12]. PD-1 was
found to be expressed at increased levels on T-cells from
patients with systemic lupus erythematosus (SLE), rheu-
matoid arthritis (RA) and also with PsA [13, 14]. More-
over, a few studies in RA patients confirmed increased
frequencies of PD1+ CD4+ T-cells in synovial fluid, when
compared to peripheral blood and healthy controls [15].
As PD-1is an inhibitory co-receptor, its increased ex-
pression in autoimmune diseases seems to be inconsis-
tent. However, data from research provide evidence that
under conditions of persistent chronic inflammation, the
PD-1/PD-L1 pathway is modulated [15]. One of the stud-
ies demonstrated that T CD4+ T cells from synovial fluid
from RA patients required higher concentrations of PD-
L1 to achieve inhibition when compared with peripheral
blood T-cells [16]. In SLE, it was shown that two highly
active pathways: Toll-like receptor (TLR) and type 1 in-
terferon (IFN) regulate the expression of PD-1, PD-L1 and
PD-L2 via activation of NF-kB and STAT1, respectively [6].
Other important findings showed that soluble PD-1
(sPD-1) interfere with proper function of the PD-1/PD-L1
axis. sPD-1 binds to PD-L1 on the surface of peripheral
cells and prevents proper PD-1/PD-L1 ligation, decreas-
ing the inhibitory effect of the PD-1/PD-L1 pathway. The
levels of sPD-1 are increased in chronic autoimmune
conditions, like autoimmune hepatitis (AH) and systemic
sclerosis, RA and PsA [17, 18]. In AH, the levels of sPD-1
correlated with disease severity and response to treat-
ment [17], while in SSc they positively correlated with
severity of skin sclerosis [18]. In patients with inflamma-
tory arthritis like RA and PsA, the levels of sPD-1 were
increased in both peripheral blood and synovial fluid [15].
Interestingly, it was shown in mice that disruption in
the PDCD1 gene leads to various autoimmune conditions,
like lupus-like syndrome, diabetes, proliferative arthritis,
autoimmune cardiomyopathy and the increased risk of
development of collagen-induced arthritis. What is in ac-
cordance with all above, the polymorphisms of PDCD1
gene in humans were associated with the increased risk
of RA, SLE, type 1 diabetes mellitus, multiple sclerosis and
ankylosing spondylitis [15]. Such predispositions have not
been evaluated in psoriasis and psoriatic arthritis yet.

PD-1/PD-L1 pathway and psoriasis

According to the role of disruption of the PD-1/PD-L1
pathway in psoriasis, the data are quite sparse and some
research presents contradictory results. Graphic presen-
tation of data regarding the PD-1/PD-L1 pathway in pso-
riatic disease published to date is shown in Figure 2, and
summarized in Table 1. In all studies published to date
small numbers of patients were engaged, not exceeding
several dozens, so the results obtained should be verified
in larger studies.

To begin with, there are numerous reports about new
onset psoriasis or exacerbation of pre-existing psoriatic
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Figure 2. Graphic presentation of most important study results concerning PD-1/PD-L1 in patients with psoriasis and
psoriatic arthritis. (cTfh — circulating T follicular helper cells, PBMC — peripheral blood mononuclear cells)

Table 1. A summary of most important data concerning the role of PD1/PD-L1 in psoriasis and psoriatic arthritis

Finding Possible significance Reference
number

PD-1 gene knock-out mice have greater keratinocyte hyperplasia, higher  Role of PD-1 in limiting autoreactive response 20

expression of Th17 cytokines and more severe neutrophilic infiltrates in  in the murine model of psoriasis

skin lesions of imiquimod-induced psoriasis

Tonsil-derived mesenchymal stem cells transplanted into imiquimod- Role of PD-1 and PD-L1 in suppression of Th17 21

induced psoriatic skin in mice exert a suppressive effect on Th17 cells in the murine model of psoriasis

response via expression PD-L1 and stimulation of PD-1 expression on

immune cells

Use of monoclonal antibodies against PD-1 and PD-L1 is associated with  Immune disruption caused by inhibition of 19

a risk of new-onset psoriasis and exacerbation of pre-existing psoriatic ~ PD-1 and PD-L1 results with enhancement of

skin lesions inflammatory response

CD4+ T-cells derived from patients with psoriatic arthritis are resistant to PD-1  Higher amounts of soluble PD-1, stimulated 15

mediated suppression, which is probably caused by increased concentrations by inflammatory cytokines is associated with

of inflammatory cytokines (TNF-a, IL-6, IL-1B, and soluble PD-1) PD-1/PD-L1 disruption

The expression of PD-1 on circulating T-cells from patients with psoriatic ~ PD-1is a marker of T-cells activation 14, 22

arthritis and in skin biopsies from psoriatic lesions is increased

PD-1 positive follicular helper T cells are present in increased amounts PD-1 positive follicular helper T cells may play 26, 27

in peripheral blood from psoriatic patients, their levels correlate with an important role in psoriatic inflammation

disease severity

Double-negative, PD1+ T-cells infiltrate the epidermis in psoriatic skin Possible role in amplifying immune response 29

lesions in psoriasis

Myeloid-derived suppressor cells are present in increased numbers in Myeloid-derived suppressor cells in psoriasis 30

peripheral blood of patients with psoriasis, but have lower expression cannot suppress autologous and heterologous

levels of PD-1 and PD-L1 CD8+ T-cell proliferations and fail to produce
immuno-competent Tregs

Expression of PD-L1 and PD-L2 in psoriatic epidermis is significantly The lack of PD-1 ligands may lead to 31

decreased when compared with healthy epidermis

a decrease in Treg activity and up-regulation
of T-cell mediated inflammatory response

lesions in patients treated with biologic drugs target-
ing the PD-1/PD-L1 pathway and antagonizing its func-
tion (so-called immune checkpoint inhibitors) [19]. They
concerned monoclonal antibodies targeting both PD-1
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(nivolumab, pembrolizumab) and PD-L1, which due to
disruption in PD-1 ligation interfere with proper inhibi-
tory function of the PD-1/PD-L1 pathway and enhance
immune response. Such effect is highly desirable in the

927



Michat Adamczyk, Dorota Krasowska

treatment of malignancies, but unfortunately results in
the increased risk of many different autoimmune adverse
events, including psoriasis. Except for psoriasis, other
skin-related adverse events are also quite frequent in
this group of patients, and include maculopapular rash-
es, lichenoid dermatitis, pruritus, acneiform lesions and
urticaria. What should be emphasized is that most skin-
related side effects are mild and can be easily managed
with topical drugs, so they do not require treatment ces-
sation, but early treatment intervention is necessary to
avoid it [19].

Imai et al. performed an interesting study, in which
they compared PD-1 gene knock-out (KO) mice with
wild-type mice in an imiquimod-induced murine model
of psoriasis. PD-1 KO mice presented greater keratino-
cyte hyperplasia, higher expression of Th17 cytokines and
more severe neutrophilic infiltrates when compared to
wild-type mice. Moreover, KO mice showed 3-fold higher
amounts of IL-17 expressing T y3 cells in skin cell sus-
pensions [20]. These findings support the role of PD-1 in
limiting autoreactive response in the murine model of
psoriasis.

In another experimental study Kim et al. evaluated
the impact of tonsil-derived mesenchymal stem cells
(T-MSCs) on imiquimod induced psoriatic dermatitis in
mice. T-MSC express high levels of PD-L1, both transmem-
brane and soluble forms, in addition they stimulate the
expression of PD-1 on T-cells by secretion of IFN-B. So this
subset of MSC exerts a suppressive impact on immune
response by promoting the PD-1/PD-L1 pathway. The au-

thors demonstrated that transplantation of T-MSCs into
imiquimod-induced psoriatic skin inflammation substan-
tially decreased disease symptoms, mostly by decreasing
Th17 immune response in a PD-L1-dependent way [21].
Their findings proved indirectly a role of the disrupted
PD-1/PD-L1 pathway in psoriatic skin inflammation.

Bommarito et al. made an attempt to evaluate the
impact of inflammation in PsA and RA patients on PD-1
mediated suppression of T-cells, and to clarify what ex-
actly this process is influenced by. They examined mono-
nuclear cells in peripheral blood (PB) and synovial fluid
(SF). Flow cytometry showed an increased expression of
PD-1in RA and PsA patients on both CD4+ and CD8+ T-
cells in SF and PB, which was higher in SE. What is more,
they found that CD4+ T-cells derived from patients who
were resistant to PD-1 mediated suppression, and this
effect was probably caused by increased concentrations
of inflammatory cytokines, such as TNF-a, IL-6, IL-1B,
and, interestingly soluble PD-1 (sPD-1), which amounts
were also elevated in PsA and RA subjects. They proved
this finding in in vitro studies. Moreover, inhibitors of
abovementioned cytokines reversed this effect. The au-
thors demonstrated that IL-1B, IL-6 and TNF-a increased
the levels of sPD-1[15]. Higher expression of sPD-1which
binds to PD ligands, enhanced by inflammatory cyto-
kines results in disruption of the PD-1/PD-L1 pathway.
No studies published to date evaluated concentrations
of sPD-1in psoriatic plaque environment. The modula-
tion of PD-1/PD-L1 ligation by inflammatory cytokines is
shown in Figure 3.

sPD-1
TNF-a

IL-1B

Figure 3. Modulation of PD1/PD-L1 ligation by inflammatory cytokines and sPD1
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Getindzman compared the expression of PD1 on T-
cells in skin biopsies taken from erythrodermic patients
with skin lymphomas and inflammatory conditions, in-
cluding 6 patients with psoriatic erythroderma. In biop-
sies from psoriatic lesions they found increased levels of
PD-1 on CD8+ T-cells in epidermis and dermis [22]. Since
PD-1is a marker of T-cells activation, these results are
not surprising.

Peled et al. evaluated the expression of PD-1 on cir-
culating T-cells from patients with psoriatic arthritis and
a healthy control group. They demonstrated that expres-
sion levels of PD-1 were significantly higher in PsA than in
healthy controls, moreover they inversely correlated with
disease activity measured by DAS28. Also, a strong corre-
lation between PD-1 expression and a number of tender
and swollen joints was found [14].

On the contrary to previously mentioned research,
Bartosinska et al. reported down regulated expression
of the PDCD1 gene in peripheral blood mononuclear
cells (PBMCs) obtained from patients with psoriasis
when compared to a healthy control, but no difference
in the expression of the aforementioned gene between
patients with psoriasis and psoriatic arthritis [23]. The
same authors in their previous research demonstrated
that absolute numbers and percentages of CD4+PD-1+
and CD8+PD-1+ T cells in PB of psoriatic patients both
with and without PsA were significantly decreased when
compared to healthy individuals [24, 25].

Recent studies evaluated several specific subtypes of
T-cells in patients with psoriasis and psoriatic arthritis.
Follicular helper T cells (Tfh) are a specialized subset of
CD4+ T-cells located in germinal centres, which express
PD-1, chemokine CXC receptor 5 (CXCR5), inducible T cell
costimulator (ICOS), and the transcription factors B cell
lymphoma 6 (Bcl-6) and secrete IL-21. Their most impor-
tant role is to help in activation and production of an-
tibodies by B cells. Circulating Tfh cells (cTfh) and their
dysregulated function were proved to play a role in auto-
immune diseases, including SLE, RA and infections, like
tuberculosis and HIV infection [26, 27]. Niu et al. reported
increased amounts of circulating Tfth cells in peripher-
al blood from psoriatic patients, moreover, their levels
correlated with disease severity measured by Psoriasis
Area and Severity Index (PASI) [27]. Wang et al. evalu-
ated the presence of cTfh in peripheral blood (PB) and
lesional skin (LS) from psoriatic patients. Like previously
mentioned researchers, they found that numbers of PD-1
positive cTfh cells in PB were significantly higher in psori-
atic patients than in healthy controls, and in lesional skin
biopsies the amounts of cTth were higher than in healthy
epidermis. Higher frequency of cTfh cells was positively
associated with PASI score, and, interestingly after treat-
ment with acitretin the levels of cTfhs significantly de-
creased [26]. Conversely, Shin et al. reported decreased
levels of cTfh cells in psoriatic patients, they also did not
find any correlation between cTfh amounts and PASI [28].
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Another interesting subtype of T cells is double-nega-
tive (DN) T-cells (CD4-/CD8-), which originate from CD8+
T cells via down-regulation of CD8. Majority of them
demonstrate a memory effector phenotype, they are also
characterized by increased expression of PD-1, decreased
DNA methylation of IFNG gene and thus expression of in-
terferon y. Recently, it was demonstrated that PD-1+ DN
T-cells infiltrate the epidermis in skin lesions, suggesting
an important role of this new subset of T-cells in ampli-
fying immune response in psoriasis. Further research is
needed to fully clarify their role [29].

Myeloid-derived suppressor cells (MDSC) were re-
cently demonstrated to have an important role in can-
cer and immune-mediated diseases. Cao et al. reported
increased numbers of circulating monocytic(Mo)-MDSC
and demonstrated that in psoriasis patients they cannot
suppress autologous and heterologous CD8+ T-cell prolif-
erations, have lower expression levels of PD-1 and PD-L1,
and fail to produce immuno-competent Tregs [30]. De-
creased expression of PD-1 and PD-L1 may be implicated
in disrupted function of MDSC in psoriasis.

According of PD-1 ligands in psoriatic epidermis, Kim
et al. evaluated the expression of PD-L1 and PD-L2 in pso-
riatic epidermis on mRNA and protein levels and found
that it was significantly decreased when compared with
healthy epidermis. The lack of PD-1 ligands may lead to
a decrease of Treg activity which is typical for psoriasis
and up-regulation of T-cell mediated inflammatory re-
sponse, emphasizing the role of keratinocytes as one of
the key components that amplify and maintain chronic
inflammation in psoriasis [31].

Conclusions

Evidence supports the role of the PD-1/PD-L1 axis
disruption in psoriatic patients, however data are quite
sparse and presented study results are often inconsis-
tent. Several important aspects, like the exact role of
sPD-1 and other factors in PD-1/PD-L1 pathway modula-
tion, genetic polymorphisms of PDCD1, altered expres-
sion of PD-1 ligands await to be carefully evaluated in
psoriatic patients. In the future, medications modulating
PD-1/PD-L1 pathway function may be another promising
option in therapy of psoriasis and other autoimmune
diseases.
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