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Psoriatic arthritis:

genetics and pathogenesis

A. Cauli, A. Mathieu
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SUMMARY

Psoriatic arthritis is a complex disease affecting primarily peripheral and axial joints and entheses together with
the skin. The pathogenesis is characterized by a genetic background and by inflammatory mechanisms which
may be triggered by environmental factors. Several susceptibility genes have been investigated; they include
HLA genes, genes within the HLA region and genes outside the HLA region. T cells, including the recently de-
scribed subset Th17, are thought to play an important role in the acute and chronic phases of the disease. Some
of these findings allowed novel therapeutic interventions or opened new promising approaches in treatment.
The most relevant data of the literature are summarized and discussed.
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H GENETICS

he familial aggregation and inherit-

ance of Psoriasis (Ps) and Psoriatic
Arthritis (PsA) are typical of complex
multigenic diseases. The risk to develop
PsA in first-degree relatives of affected
individuals is remarkably higher (30-40
times) compared to the general popula-
tion; moreover, the risk for Ps and PsA
is different in relatives of patients with
the two diseases (1-5). The identification
of susceptibility genes for PsA parallels
that for Ps, and similarly to seronegative
spondyloarthritis associated with inflam-
matory bowel diseases, also for PsA a dis-
section between the susceptibility genes
for the cutaneous disease alone and for
the arthritis has been attempted. PsA is
characterized by the association of one of
the different forms of Ps and one or more
of the distinct clinical expressions of the
arthritis; the genetic background of each
of these clinical forms and expressions
has been shown or is likely to be different,
and it may explain the difficulty in assess-
ing the genetic profile of the disease. In
few cases, arthritis with typical signatures
may not associate with cutaneous disease.
Ritchlin (6) has clearly underlined the rea-
sons which make difficult the analysis of
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genetic contribution to PsA development;

possible confounding factors are:

1) the Linkage Disequilibrium (LD) pos-
sibly produced by a co-selection, in the
same chromosome regions, of genes
with different role in the susceptibility
to the disease;

2) the difficulty to collect cases of disease
not associated with Ps in order to study
the genetic background of the articular
disease alone;

3) the variety of topographic localiza-
tion and clinical manifestations of PsA
which seems to be associated with a
number of genes related with the differ-
ent disease expressions. If the pathoge-
netic pathways and the mechanisms of
lesions are the same in Ps and PsA, it
would be conceivable that they include
both the genes of susceptibility to Ps
and to PsA; however, there are several
evidences, mentioned in the following
paragraphs, supporting an alternative
interpretation of the literature data (7).

As regards the cutaneous disease, type I

Ps is characterized by an earlier onset (age

<40 years) and by the association with the

class HLA-Cwo allele (subtype Cw0602),
while type II typically presents at an age
>40 years and is not associated with Cw6

(8); the above association has been reported
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about forthy years ago with both cutaneous
and joint disease. HLA-Cw®6 is the primary
risk allele within the 300-kb region, called
PSORSI (Psoriasis susceptibility gene 1),
containing multiple candidate susceptibil-
ity genes. Other HLA and HLA-related
genes (some in LD) have been shown to be
associated with the disease, but there are
evidences that polymorphisms, either in
the same region of chromosome 6 harbour-
ing Cwo6, very close to it, or in different
chromosomes, have been found to be asso-
ciated with Ps. Similarly, genes harbouring
outside of HLA region are also involved in
the susceptibility to PsA (7). To date, the
association with PSORS 1 appeared to be
the strongest one among Ps patients, even
if an association with PSORS 8 locus has
been reported when the disease was present
also in the father (8).

HLA locus B genes are highly polymor-
phic due to the evolutionary adaptation of
the immune recognition and response to
the variety and variability of environmen-
tal/microbial agents (9), and they have been
found to be associated to PsA. Some of
these genes appeared to be associated with
PsA per se, while other have been found
to be in LD with other polymorphisms pri-
marily associated with the disease. This
is the case of B16 with his splits B38 and
B39, which are in LD with MICA-A9
gene, primarily associated with the sym-
metric polyarthritis form of PsA (10, 11).
Another well known association involving
a locus B gene is that between HLA-B27
allele and the axial form (spondilitis) of
PsA. Several studies showed the associa-
tion of B27 with radiographic sacroiliitis
in PsA, especially when bilateral; moreo-
ver, the early onset of axial arthritis and Ps
has been reported to be associated with the
presence of HLA-B27, even if data in the
literature is not concordant, and one study
showed a more severe disease in patients
carrying both B27 and DR7 (12-14). In
other studies performed in three different
series of patients no association has been
found between PsA and alleles of B and C
locus (15-17).

The polymorphic gene MICA (MHC class
I chain related gene A) is located within the

HLA region close to B locus and TNF-a
genes. It encodes for a stress inducible
membrane glycoprotein, expressed on in-
testinal epitelial cells and in inflammed
synovium, which acts as ligand for NKG2D
expressed on NK and CD8+ T cells. In cau-
casian populations MICA-A9 has been re-
ported to be an independent susceptibility
gene for PsA (10, 11) with a gene dosing
effect in conferring susceptibility to the
symmetric polyarticular subset in overlap
with axial involvement (18); however, one
study showed a positive association with
MICA-A4, while no association was re-
ported with MICA-A9 (17).

In the HLA class I region, several other
genes might play a role in susceptibility to
Ps but especially to PsA: among them, the
TNFa-238 polymorphism (8) and the SNP
rs 1150735. Very interesting results in or-
der to dissect the genetic susceptibility to
PsA from that to Ps come from some recent
investigations (19, 20) and indicate that the
TNF -857T allele is associated with sus-
ceptibility to PsA independently from the
psoriasis susceptibility HLA-C0602 allele
and PSORSI locus. Other polymorphisms
involved in susceptibility to Ps are those
of TNFa-induced protein 3 (TNAIP3) and
TNFAIP3-interacting protein 1 (TNFAIPI),
possibly participating to the pathway of
NFkB (21).

A significant association with Ps has been
reported for the genes encoding IL.12B and
IL23R (21, 22); the products of these genes
are involved in the Th17 and IL23 path-
ways. IL12B and IL23R polymorphisms
have been shown to be associated primarily
with type I Ps (similarly to Cw6), but it is
seems that they are critical for the suscep-
tibility of both the cutaneous and articular
disease (23, 24), as suggested by the results
of a clinical trial showing beneficial effects
by neutralizing the cytokine pathway (25).
Caspase recruitment domain-containing
protein 15 (CARD15) function is to recog-
nize bacterial molecules as the peptidog-
lycan muramil dipeptide, to interact with
NFkB molecule and to elicit the immune
response. The CARDI15 gene polymor-
phisms have been found to be associated
with some autoreactive diseases. When
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CARD 15 variants have been analyzed in
two PsA series no relationship has been
found (15, 26).

Other genes have been investigated with
significant results: Kkiller-cell immu-
noglobulin like receptor (KIR) genes and
the deletion of LCE3C and LCE3B genes
(encoding for the Late Cornified Enve-
lope). The former ones encode membrane
molecules which work as receptors for ac-
tivating or inhibitory signals on NK cells.
Interestingly, KIR genes seem to result in
susceptibility when an imbalance in their
products occurs (27, 28), while contrasting
results have been reported for LCE3C and
LCE3B genes, related with tissue permea-
bility. Initially they have been found to as-
sociate with Ps (29) but not with PsA (30),
although subsequently other authors have
showed that LCE3C_LCE3B-del variant
is a susceptibility factor also for PsA (31).
Different association of susceptibility
genes with single manifestations of the dis-
ease have been reported such as the lack
of (or negative association of) Cw6 with
onicopathy (32). An analogous absence of
association with nail involvement has been
reported for IL12B and IL23R by Filer et
al.(24). This particular topic has been ad-
dressed by McGonagle et al. (33). Accord-
ing to Castelino and Barton (7), if Ps would
not be necessary for the development of
PsA, but is only a pathological condition
superimposed to joint disease, the suscep-
tibility genetic profile should be therefore
only partially shared with PsA patients (29,
30, 34). Due to the role of several ligands
and receptors in regulating the innate and
adaptive immune response through differ-
ent pathways (35), quantitative expression
of these genes is likely to be crucial fac-
tors for the phenotypic variety of the dis-
ease. Moreover, the possible role of vari-
ants of the previously mentioned TNFAIP3
gene in determining the response to TNF-
blocking treatment in Ps and PsA has also
been investigated (36). A review of the as-
sociation of genetic polymorphisms with
therapeutic response to conventional and
biotechnological treatment in Ps and PsA
has been recently provided by O’Rielly and
Rahman (37).

B PATHOGENESIS

Although the pathogenesis of PsA remains
unclear, intense research in the last decades
has underlined the role of several immune
cells, mediators and inflammatory path-
ways which play an important part in the
mechanisms of disease pathogenesis. Im-
aging studies, in particular performed by
means of MRI technology, have suggested
that the enthesis, the site where tendons
and ligaments attach to bone, may take an
important active part in the early stages of
disease. The close proximity of the enthesi-
tis and synovitis in the PSA disease process
has suggested that both site of inflamma-
tion may be considered as a functional sin-
gle organ, the synovial/enthesal complex,
source of proinflammatory mediators (38).
The role of skin psoriasis, in relation to
joint involvement, is also controversial and
will be discussed in this review.

The inflammatory milieu

Several reports provide evidence that a T
lymphocyte driven immune response is
present in PsA. Both the skin and joints
of patients with PsA show an inflamma-
tory milieu characterized by a perivascular
lymphocytic infiltrate of activated T cells
with signs of organ specific migration (39).
These cells interact with antigen presenting
dendritic cells (40) giving rise to the inflam-
matory cascade in the skin and joint com-
partments (41, 42). CD8+ T lymphocytes
are the predominant cellular infiltrate in
the epidermis, synovial fluid and enthesis,
while CD4+ T cells are more abundant in
the dermis and synovial membranes. In the
synovial fluid the majority of T cells ex-
press the activation and memory markers
HLA-DR and CD45RO (43). Oligoclonal
expansions of T lymphocytes in synovial
fluid and peripheral blood cells is also in
support of a T cell antigen-driven response
(44, 45). Furthermore, the effectiveness
of T cell targeted therapy on psoriasis and
PsA, with a more brilliant effect in the skin
compartment, provide support to the pri-
mary role of T cell in disease pathogenesis.
Synovial tissue analysis reveal that B lym-
phocytes forming primitive germinal cent-
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ers are also present in patients with PsA
(42, 46), similarly to rheumatoid arthri-
tis (RA). These lymphocyte organization
mimic the germinal centers of secondary
lymphoid organs and this process is called
ectopic lymphoid neogenesis. These struc-
tures may provide local production of au-
toantibodies in RA. The significance of
this finding in the pathogenesis of PsA is
still controversial given the classical inclu-
sion of PsA in the seronegative group of
arthritides because of the absence or low
frequency of autoantibodies (e.g. rheuma-
toid factor and anti-CCP) found in PsA pa-
tients. It is noteworthy that there is no cor-
relation between the presence and degree
of the aggregates and the clinical features
of PsA (46).

Comparison of synovial membrane from
PsA and RA patients has generally shown
an higher degree of vascularisation but
fewer macrophages in PsA (41, 47). A re-
cent report has shown a similar pattern of
fibroblasts and macrophages and, surpris-
ingly, cytokines and matrix metalloprotein-
ases did not showed significant differences.
Interestingly, the number of infiltrating T
cell was the only clear difference observed,
with PsA synovial membrane having less
than half the number of synovial CD3 posi-
tive cells compared to RA tissue (48).
Apart from acquired immunity, recent
studies point to an additional role of in-
nate immunity in the inflammatory milieu
of PsA by means of immunoglobulin-like
receptors (KIR) expressed on natural killer
(NK) cells. NK cells may express both in-
hibitory and/or activating KIRs, and it has
been shown that KIR2DS1 and KIR2DS2
(activating ones) increases the susceptibil-
ity to develop PsA (49). A combination of
innate immune signals by means of NK
cells may even be the trigger of an inflam-
matory cascade that brakes the immune
balance towards autoimmunity.

IL-17, IL-23 and the Th17 subset

PsA was classically considered a Thl-me-
diated disease, with IFN-y and IL-2 leading
the orchestra of the inflammatory cascade.
The discovery of IL-17 and the Th17 sub-
set has substantially changed this paradigm.
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Susceptibility to develop both skin psoria-
sis and PsA is associated with alleles of the
IL12B and IL.23 receptor (IL23R) genes (50,
51). Furthermore 1L23p19 and p40 (shared
by IL-12p70 and IL-23 cytokines) sub-units,
but not IL.12p35 (only present in IL-12), are
upregulated in lesional psoriatic skin com-
pared to non-lesional skin (52). Moreover
serum levels of IL12/23 p40 sub-unit are
significantly higher in PsA patients com-
pared to healthy controls (53). Given the
importance of IL-23R and IL.23 stimulation
for the Th17 subset, all these data suggest a
primary role of the Th17 subset in PsA .
The secretion of IL.-17 by Th17 cells de-
termines potent joint-destructive mecha-
nisms by stimulating the production of
IL-1 and TNF-a and by the induction
of RANKL expression on mesenchymal
cells (54). It is noteworthy that in anti
TNF-o treated patients only respond-
ers show down-regulation of the IL-17
cytokine pathway, pointing to the con-
cept that suppression of the Th17 subset
is necessary for response to anti-TNF-o
treatments (55). Furthermore IL-23 is
able to induce osteoclastogenesis in the
absence of RANKL and OPG, and anti-
IL-17 and anti TNF-o agents suppress
IL-23 induced osteoclastogenesis (56).
All these evidence, taken together, sup-
port the importance of the IL-23/IL-17
axis in the mechanisms leading to bone
destruction. The beneficial effect of Th17
antagonism is well demonstrated by a ran-
domised controlled trial in PsA patients
which showed that treatment with human
IL12/23 p40 monoclonal antibody is able
to reduce the signs and symptoms of joint
inflammation (25).

Bone erosion and new bone formation
Joint damage in PSA is characterized by
bone erosions and new bone formation,
and these alterations represent typical fea-
tures of X-ray and MRI findings which
helps physician in differential diagnosis.
Bone erosions are driven by osteoclasts
while new bone formation is due to oste-
oblasts activity.

Osteoclast precursors mature to functional-
ly active osteoclasts following stimulation
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by several mediators or cells interaction,
in particular macrophage colony stimulat-
ing factor and RANKL (soluble or mem-
brane bound) binding to surface expressed
RANK. Osteoprotegerin (OPG) modulate
this interaction and balance osteoclast ac-
tivity. Sub-condral bone and synovial tis-
sue analysis in PsSA patients demonstrate
clear expression of RANK on perivascular
mononuclear cells and osteoclasts. RAN-
KL is intensely expressed in the synovial
lining cells while OPG expression is lim-
ited to vascular endothelial cells (57). This
histological picture suggests that osteoclast
precursors migrate to the inflamed synovi-
um where they may be activated by RAN-
KL if unopposed by OPG. On this regard
is noteworthy the observation that among
the peripheral blood mononuclear cells
from patients with PsA a large number of
osteoclast precursors expressing TRAP (T-
cell receptor activating protein are present)
supporting the concept that osteoclasts de-
tected in PSA synovium and bone are not
only the local resident osteoclasts but also
derive from precursors migration (57, 58).
Futhermore, it has been shown that osteo-
clasts derived from CD 16+ cells present
high erosive capability, and that increased
CD16 cell expression is associated with in-
creased bone erosion in PsA (59).
Although the role of TNF-a in PsA is broad
and complex, it is worthwhile to underline
that, in mouse models, TNF-a is able to in-
creases the number of osteoclast precursors
and that, in PsA patients, anti-TNF-a ther-
apy significantly reduces their frequency.
This evidence confirm that TNF-a plays
an important role in the pathogenesis of the
bone erosions in PsA. In summary, osteo-
clast precursors migrate to the joint and, if
unopposed by OPG, interact with RANKL
and TNF-a and differentiate in mature and
functionally active osteoclasts (60).

Apart from bone erosions, new bone for-
mation is also highly characteristic of PsA
pathology and X-ray findings. On this re-
gard two main protein families have been
described to play a critical role in the
mechanisms which lead to bone remode-
ling; the wingless (Wnt) glycoprotein fam-
ily and the Dickkopf-1 (DKK-1) protein

family (61). The main function of DKK-1
is to antagonize the Wnt pathway by bind-
ing to the Wnt co-receptors LRP5 and
Kremen-1/2, and therefore DKK-1 is con-
sidered a key protein in determining bone
erosions. PsA patients present high levels
of DKK-1 in serum as well as in the in-
flamed joint structures, and inflammatory
cytokines such as TNF-a induce DKK-1
expression in the joints. Experimental evi-
dence in animal models shows that block-
ing DKK-1 decreases the numbers of os-
teoclasts and increases osteophytes (62,
63). This observation may provide an ex-
planation why TNF-a antagonisms in PsA
patients does not seem to inhibit new bone
formation (64).

Animal models

The best example of animal model of PsA
is perhaps the knocked out JunB and C-Jun
mice (65). Based on the rationale that JunB
(part of the activator protein 1 transcription
factor) is downregulated in psoriatic skin,
Zenz et collaborators knocked out JunB
and C-Jun genes in mice keratinocytes.
These mice developed spontaneous psoria-
sis-like lesions and arthritis similar to PsA.
It is noteworthy that when the JunB/C-Jun
deleted mice were also unable to produce
B and T cells, dermatitis was much milder
in severity, synovitis was reduced and bone
destruction was absent. A possible expla-
nation for the observed immune reaction in
the joint may involve cells directly exposed
to the pathologic skin or resident cells of
the joint exposed to higher circulating lev-
els of soluble mediators derived from the
skin. Although it is difficult to interpret all
the findings in this animal model, the main
message is that an event occurred in skin
keratinocytes may determine an inflamma-
tory reaction far away in peripheral joints,
and that arthritis in these mice is T and B
cell dependent and mediated by TNFR1.

The complex interplay between the skin
and the joint

It is well known that in the majority of pa-
tients with PsA skin involvement precedes
arthritis; moreover the Zenz et al. animal
model suggest that arthritis may be second-
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ary and follow a psoriasis-like inflamma-
tory skin disease. Although intriguing, the
possibility that joint involvement in PsA
patients may be caused by the release of
mediators from the skin, still needs to be
proven. In this skin-centric perspective the
effect of even low levels of pro-inflamma-
tory cytokines such as IL-1 may be to hy-
persensitize the synovium to endogenous
ligands of the innate immune system. In
other words an initial physiologic innate
immune response associated with injury to
the skin, or directly to the joint (66) may
determine the initial trigger to the develop-
ment of full blown PsA. It is fascinating
to speculate that a chronic injury response
could occur in the skin and then feed back
to the synovium or the other way round.

In conclusion PsA is a very complex system-
ic immune mediated disease which affects
susceptible subjects because of an unidenti-
fied trigger. The chicken or the egg causality
dilemma may also apply to PsA and sounds
like “which came first, the chicken (skin) or
the egg (joint)?” Whatever the answer will
be it is noteworthy that the clinical course
of joint inflammation in PsA patients does
not correlate with skin inflammation and
viceversa, as evidence by a recent GRAPPA
study, as if in the chronic stage they are two
independent processes (67).
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