
Hindawi Publishing Corporation
Arthritis
Volume 2012, Article ID 713618, 6 pages
doi:10.1155/2012/713618

Review Article
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Psoriatic arthritis (PsA) is a clinical manifestation of psoriatic disease. Although the pathogenesis of PsA remains unknown, PsA
can be managed by treatments similar to those used for rheumatoid arthritis (RA). Because interleukin-(IL-) 6 has been suggested
to have a pathogenic role in PsA, a humanized anti-IL-6 receptor antibody tocilizumab treatment for PsA was recently tried.
However, the efficacy of tocilizumab for PsA was not favorable. This suggests that the pathogenic roles of IL-6 in PsA and RA
are different. In RA, tumor necrosis factor (TNF) primarily contributes to the arthritis effector phase and IL-6 contributes to the
arthritis priming phase. In PsA, the TNF-related effector phase is similar to that in RA, but the IL-6-related priming phase might
not be critical. This paper discusses the role of IL-6 in PsA.

1. Introduction

Psoriatic arthritis (PsA) was originally designated as inflam-
matory arthritis associated with psoriasis that was usually
negative for the rheumatoid factor and is now considered
as a clinical manifestation of psoriatic disease [1]. Although
there are no diagnostic tests for PsA, it is a condition
that is distinguishable from rheumatoid arthritis (RA); the
characteristic features of PsA and RA are slightly different.
In PsA, peripheral arthritis evolves with a distinct joint
pattern that possibly involves the distal interphalangeal
joints. Dactylitis with enthesitis, involving the entire digit,
is a characteristic feature of PsA. Furthermore, articular
damage assessed by radiographic erosion is more common
in RA and typically reveals an asymmetric pattern in PsA.
Despite these differences, the therapeutic options, including
tumor necrosis factor (TNF) inhibitors, and the methods for
assessing the disease activity are mostly the same.

Increased production of interleukin-(IL-) 6 is well known
in psoriasis and PsA [2, 3]. Mice with epidermal overexpres-
sion of IL-6 (K14-IL-6 transgenic mice) exhibit a psoriasis
phenotype [4]. The transcription factor signal transducer
and activator of transcription 3 (STAT3) is upregulated in
psoriasis. IL-6, which induces STAT3 phosphorylation, is also

thought to be a potential therapeutic target [5]. In addition,
serum IL-6 levels correlate with PsA disease severity [6]. IL-
6 is thought to have similar roles in inflammatory arthritis
associated with both RA and PsA. This supports the notion
that targeted treatments against IL-6 might be effective [7].

2. Tocilizumab Treatment for
Seronegative Spondyloarthritis

A humanized anti-IL-6 receptor antibody, tocilizumab
(TCZ), was recently approved for treating RA patients, and
its efficacy for these patients has been demonstrated [8].
The clinical applications of TCZ for PsA have not been well
described, although there are some reports on the efficacy
of TCZ for seronegative spondyloarthritis (SNSA). SNSA
is characterized by the absence of the rheumatoid factor
and includes diseases such as PsA. Several case reports have
shown favorable outcomes with TCZ treatment for reactive
arthritis [9] and ankylosing spondylitis (AS) [10–14].

However, a recent larger case series reported that there
were unfavorable outcomes with TCZ treatment for AS.
Dudler and Aubry-Roziier reported on the efficacy of TCZ
for patients with axial spondyloarthropathies [15]. Among
18 cases, three patients had skin psoriasis. No significant
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clinical benefits were observed with TCZ for peripheral
arthropathies. Del Castillo Piñol et al. reported on five
refractory spondyloarthritis (SpA) patients treated with TCZ
[16]; a response to TCZ was found in only one of the five
severe cases of axial SpA. Lekpa et al. reported on 21 spondy-
loarthritis patients who were treated with TCZ, for whom
anti-TNF-α therapy had failed [17]. Although TCZ decreased
acute-phase reactions, TCZ failed to substantially improve
axial spondyloarthritis and was inconsistently effective for
peripheral spondyloarthritis.

More recently, the results of two randomized control
trials (RCTs) that used IL-6 inhibitors were reported. Sieper
et al. reported on a phase 2 study of TCZ for AS [18].
They enrolled 102 AS patients, and 51 patients were treated
with TCZ for 12 weeks. Although the C-reactive protein
(CRP) levels declined, AS symptoms were not improved.
The efficacy of TCZ for treating AS was not demonstrated
in this RCT. In addition, a phase 2 RCT of another IL-6
receptor antibody, sarilumab, also failed to demonstrate its
efficacy in AS patients assessed by their 20% improvement in
Assessment of Ankylosing Spondylitis (ASAS20) responses at
12 weeks [19].

3. TCZ Treatment for Psoriatic Arthritis

We recently reported on two PsA patients who were treated
with TCZ [20]. The first was a 35-year-old man. He was
started on 8 mg/kg every 4 weeks. His clinical course is shown
in Figure 1. Before TCZ treatment, his clinical disease activity
index (CDAI) was 30.8, and his Psoriasis Area and Severity
Index (PASI) was 11.3. After seven TCZ infusions, his
CRP levels had not improved (7.20–5.71 mg/dL), suggesting
that a 4-week interval between the TCZ infusions was not
sufficient to inhibit the IL-6 activity in this patient. After a
2-week interval between infusions, his CRP levels returned
to normal. However, both his CDAI and PASI had not
improved. Adalimumab was then initiated. Although his
CRP levels increased (1.31 mg/dL) and his PASI did not
improve rapidly, his CDAI was significantly improved.

The second case was a 28-year-old man. TCZ was
started at 8 mg/kg every 4 weeks. His clinical course is
shown in Figure 2. His CRP levels normalized; however, his
clinical symptoms as assessed by CDAI and PASI remained
unimproved after seven TCZ infusions. In both cases,
TCZ treatment resulted in normalized CRP levels, which
suggested that TCZ had completely inhibited IL-6 signaling.
However, the clinical symptoms of PsA had not improved.
TNF inhibitors were efficacious in both cases. These results
suggest that TCZ may not be a new therapeutic option for
PsA. However, the patient with a history of HLA-B27 positive
AS and Crohn’s disease from Brulhart et al.’s paper also had
psoriasis [10]. While the efficacy of tocilizumab infused at
8 mg/kg monthly was not observed, the infusion frequency to
every 15 days induced rapid biological and progressive clin-
ical improvement. It was reported that after 11 months, the
patient remained well with no tender and swollen joints with
normalization of inflammatory markers and psoriasis skin
lesions have completely resolved [10]. In contrast, there are
some recent descriptions of patients with RA or adult-onset
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Figure 1: Changes in the clinical disease activity index (CDAI) and
the psoriasis area-and-severity index (PASI) score for case 1 during
tocilizumab and adalimumab therapy.
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Figure 2: Changes in the clinical disease activity index (CDAI) and
the psoriasis area-and-severity index (PASI) score for case 2 during
tocilizumab therapy.

Still’s disease that developed psoriatic skin lesions following
treatment with tocilizumab [21, 22]. However, these were
only representative cases and randomized controlled trials
are needed.

4. Adaptive Immune Responses in PsA

The pathogenic role of the adaptive immune system in PsA
is different from that in RA. It is well known that CD4+
T cells are important in RA. In contrast, there is increasing
evidence that PsA is an autoimmune disease in which CD8+
T cells play a key role [23]. Indeed, the de novo appearance of
PsA in patients with acquired immunodeficiency syndrome
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and advanced depletion of CD4+ T cells during the early
stages of the human immunodeficiency virus pandemic
suggested different roles of T cells in PsA than those in
RA and systemic lupus erythematosus (SLE), which are
both ameliorated by a loss of CD4+ T cells [24]. A TNF-
overexpressing mouse model (TnfΔARE mice) is a model
of spondyloarthritic disease that is uniquely associated
with Crohn’s-like inflammatory bowel disease [25]. This
mouse model develops chronic polyarthritis beginning at 5-
6 weeks of age and intestinal disease beginning at week 6. A
requirement for CD8+ effector functions has been reported
for this model [26]. These findings indicate the importance
of CD8 T cells in SNSA.

Favorable outcomes with abatacept for PsA were recently
reported [27]. Abatacept (CTLA-4-Ig) is a biological agent
constructed by genetically fusing the external domain of
human CTLA-4 and a fragment of the Fc domain of human
immunoglobulin (Ig) G1. As with native CTLA-4, abatacept
first binds to CD80/CD86 on antigen-presenting cells and
then to CD28 on T cells. Interfering with the CD28 cos-
timulation pathway results in inhibiting antigen-dependent
T-cell activation [28]. Abatacept treatment inhibits the T-
and B-cell activity in the synovial fluid of RA patients
by downregulating the expressions of both CD4 and CD8
[27]. Because CTLA-4-Ig inhibits CD8+ T cells’ cytotoxic
responses [29], abatacept may improve PsA symptoms by
inhibiting CD8+ T cell-activation.

In a psoriasis animal model, skin lesions spontaneously
developed when symptomless prepsoriatic human skin was
engrafted onto AGR129 mice that were deficient in type I and
type II interferon receptors and the recombination activating
gene 2 [30]. In this model, resident human T cells in prepso-
riatic skin underwent local proliferation in the engraftment.
Although CD4+ cells were predominantly found in the
dermis, CD8+ cells were also located predominantly in
the epidermis or the dermoepidermal junction zone. Long-
lived, sessile, and resident T cells may be important in the
pathogenesis of psoriasis. In addition, human normal skin
contains significant numbers of resident T cells, including
Th17 cells [31].

Acquired immunity, especially that mediated by the
Th17/IL-23 axis, plays an important role in the inflammatory
pathology observed in psoriasis and PsA [32]. Th17 cells are
a separate lineage of T cells that depend upon IL-23 for their
development, survival, and proliferation [33]. Increase in the
number of Th17 cells is found in psoriatic lesions [34]. Th17
cells produce the cytokines IL-17, TNF-α, IL-21, and IL-22.
IL-22 induces human keratinocyte proliferation [35]. IL-17
is a proinflammatory cytokine that promotes migration of
neutrophils into the psoriatic lesions. Injecting IL-23 into
the skin of mice induced dermal changes that are seen in
psoriasis, and these effects were mediated by IL-22 [36,
37]. In the skin, dendritic cells and keratinocytes produce
increased amounts of IL-23, a cytokine that supports the
development and proliferation of Th17 cells. IL-6 is also
involved in autoimmunity by altering the balance of Th17
cells by inducing the differentiation of Th17 cells from naı̈ve
CD4+ T cells [38]. Although IL-6 is a possible inducer
of Th17 cells from naı̈ve T cells, IL-23 may contribute to

the activation of skin-resident Th17 cells that are already
differentiated.

Indeed, a recent genome wide association study (GWAS)
identified a signaling network of adaptive immune responses
in psoriasis that involved CD8+ T cells and Th17 cells [39]. In
PsA, T-cell activation and inflammatory cytokine production
might occur in the dermis with subsequent migration to
the joint, or CD8+ cytotoxic T cells might originate in
the synovium. In contrast to RA, contribution of the IL-6
priming phase of arthritis may not be important in PsA.

5. Innate Immune Responses in PsA

The previously cited GWAS also identified skin barrier
functions and innate immunity responses, involving nuclear
factor-kappa B (NFκB) and interferon signaling in PsA
[39]. Innate immunity is the first line of defense against
invading organisms, which involves activating intracellular
regulators such as NFκB. The expressions of numerous
target genes involved in the pathogenesis of inflammatory
diseases, including TNF, IL-1, and IL-17, are triggered by
NFκB. Several factors may exacerbate these manifestations
or even trigger the disease, such as traumatic injury to
the skin, physical and psychological stress, cold weather,
excessive alcohol consumption, and drugs like lithium and
beta blockers [40, 41].

The role of physical injury, including trauma, in PsA
has also been the subject of some interest. It is intriguing
to speculate that the Koebner phenomenon, a recognized
feature of skin psoriasis, may also occur in peripheral joints
[42]. With regard to the pathogenesis of trauma-induced
PsA, the “deep Koebner’s phenomenon” has been proposed
[43]. Microbial infections have also been known to trigger
psoriasis and PsA [44]. In addition, IFN-α is a well-known
trigger of PsA [45]. These findings suggest that innate
immunity is also involved in PsA. Inflammation derived from
the direct activation of innate immunity may result in the
production of TNF and the development of arthritis.

6. Pathogenic Role of IL-6 in PsA

The precise mechanisms by which IL-6 blockade leads
to improvements in RA are not well understood [46].
IL-6 promotes synovitis by inducing neovascularization,
infiltration of inflammatory cells, and synovial hyperplasia.
IL-6 also causes bone resorption by inducing osteoclast
formation via the induction of the receptor activator of NFκB
ligand (RANKL) in synovial cells and cartilage degeneration
by inducing the production of matrix metalloproteinases in
synovial cells and chondrocytes. Moreover, IL-6 is involved
in autoimmunity by altering the balance of Th17 cells by
inducing the differentiation of Th17 cells from naı̈ve CD4+ T
cells. IL-6 blockade inhibits type II collagen-induced arthritis
and requires CD4 T cells, which leads to the production of
anti-type II collagen IgG [47]. However, another arthritis
model, anti-type II collagen antibody-induced arthritis,
bypasses the priming phase of T-cell-dependent antibody
generation and is not suppressed in IL-6−/− mice [48].
These findings indicate that IL-6 is involved in the priming
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Figure 3: Pathogenic roles of IL-6 in RA and PsA. IL-6 contributes to the priming phase of RA. Because an IL-6-independent innate immune
mechanism primarily contributes to PsA, the roles of IL-6 in the pathogenesis of PsA are not critical.

phase of RA but not in the effector phase of RA. Therefore,
the major mechanism of TCZ is inhibiting the immune
activation that leads to the development of RA [49].

IL-1R antagonist (−/−) mice spontaneously develop
autoimmune diseases such as arthritis and dermatitis that
histologically resemble human psoriasis [50]. In this model,
the deficiency of TNF, but not IL-6, suppressed the develop-
ment of arthritis and skin inflammation [51]. This suggests
that TNF, but not IL-6, is important in the pathogenesis of
PsA.

A recently proposed model for the pathogenesis of
PsA is that the frequent microdamage and tissue repair at
normal enthesis attachment sites in healthy joints results in
PsA pathogenesis. This model incorporates the concept of
autoinflammation in which tissue specific factors, including
microtrauma, lead to regional innate immunity activation
and persistent inflammation as an alternative to primary
immunopathology driven by T- and B-cell abnormalities
[52].

The difference in the pathogenesis of RA and PsA
are summarized in Figure 3. In RA, CTLA-4-dependent
antigen presentation to CD4+ cells and IL-6-dependent
Th17 differentiation induces synovitis. In addition, B cells
contribute to the pathogenesis of RA. In PsA, IL-23-
dependent differentiated skin-resident Th17 cells, activated
CD8+ cytotoxic cells, and directly activated macrophages are
mainly involved in synovitis development. Because synovitis
that produces TNF contributes to the effector phase of
arthritis in both RA and PsA, TNF inhibitors are effective
for both types of arthritis. IL-6 primarily contributes to the
priming phase of synovitis in RA. Systemic inflammation
induced by IL-6 is not the main mechanism of TCZ action
in treating RA. Although systemic inflammation is inhibited
by TCZ, it does not inhibit the associated arthritis.

7. Conclusions

Although TCZ has shown significant efficacy for treating
RA, TCZ treatment has not shown favorable outcomes in
PsA. This suggests that the roles of IL-6 in RA and PsA are
different. Although the exact reason for ineffectiveness of
TCZ in PsA is unclear, IL-6-dependent immune response
activation may not be important in PsA.
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“Onset of psoriasis following treatment with tocilizumab,”
British Journal of Dermatology, vol. 163, no. 6, pp. 1364–1365,
2010.

[22] D. Wendling, H. Letho-Gyselinck, X. Guillot, and C. Prati,
“Psoriasis onset with tocilizumab treatment for rheumatoid
arthritis,” The Journal of Rheumatology, vol. 39, no. 3, p. 657,
2012.

[23] P. Costello, B. Bresnihan, C. O’Farrelly, and O. Fitzgerald,
“Predominance of CD8+ T lymphocytes in psoriatic arthritis,”
Journal of Rheumatology, vol. 26, no. 5, pp. 1117–1124, 1999.

[24] O. FitzGerald and R. Winchester, “Psoriatic arthritis: from
pathogenesis to therapy,” Arthritis Research and Therapy, vol.
11, no. 1, article no. 214, 2009.

[25] D. Kontoyiannis, M. Pasparakis, T. T. Pizarro, F. Cominelli,
and G. Kollias, “Impaired on/off regulation of TNF biosynthe-
sis in mice lacking TNF AU- rich elements: implications for
joint and gut-associated immunopathologies,” Immunity, vol.
10, no. 3, pp. 387–398, 1999.

[26] D. Kontoyiannis, G. Boulougouris, M. Manoloukos et al.,
“Genetic dissection of the cellular pathways and signal-
ing mechanisms in modeled tumor necrosis factor-induced
Crohn’s-like inflammatory bowel disease,” Journal of Experi-
mental Medicine, vol. 196, no. 12, pp. 1563–1574, 2002.

[27] P. Mease, M. C. Genovese, G. Gladstein et al., “Abatacept in
the treatment of patients with psoriatic arthritis: results of a
six-month, multicenter, randomized, double-blind, placebo-
controlled, phase II trial,” Arthritis and Rheumatism, vol. 63,
no. 4, pp. 939–948, 2011.

[28] J. M. Kremer, R. Westhovens, M. Leon et al., “Treatment
of rheumatoid arthritis by selective inhibition of T-cell
activation with fusion protein CTLA4Ig,” New England Journal
of Medicine, vol. 349, no. 20, pp. 1907–1915, 2003.

[29] F. A. Harding and J. P. Allison, “CD28-B7 interactions allow
the induction of CD8+ cytotoxic T lymphocytes in the absence
of exogenous help,” Journal of Experimental Medicine, vol. 177,
no. 6, pp. 1791–1796, 1993.

[30] O. Boyman, H. P. Hefti, C. Conrad, B. J. Nickoloff, M. Suter,
and F. O. Nestle, “Spontaneous development of psoriasis in
a new animal model shows an essential role for resident T
cells and tumor necrosis factor-α,” Journal of Experimental
Medicine, vol. 199, no. 5, pp. 731–736, 2004.

[31] R. A. Clark, “Skin-resident T cells: the ups and downs of on
site immunity,” Journal of Investigative Dermatology, vol. 130,
no. 2, pp. 362–370, 2010.

[32] S. Maeda, Y. Hayami, T. Naniwa, and R. Ueda, “The Th17/IL-
23 axis and natural immunity in psoriatic arthritis,” Interna-
tional Journal of Rheumatology, vol. 2012, Article ID 539683, 8
pages, 2012.

[33] H. Park, Z. Li, X. O. Yang et al., “A distinct lineage of CD4
T cells regulates tissue inflammation by producing interleukin
17,” Nature Immunology, vol. 6, no. 11, pp. 1133–1141, 2005.

[34] M. A. Lowes, T. Kikuchi, J. Fuentes-Duculan et al., “Psoriasis
vulgaris lesions contain discrete populations of Th1 and Th17
T cells,” Journal of Investigative Dermatology, vol. 128, no. 5,
pp. 1207–1211, 2008.

[35] S. M. Sa, P. A. Valdez, J. Wu et al., “The effects of IL-20 sub-
family cytokines on reconstituted human epidermis suggest
potential roles in cutaneous innate defense and pathogenic
adaptive immunity in psoriasis,” Journal of Immunology, vol.
178, no. 4, pp. 2229–2240, 2007.

[36] Y. Zheng, D. M. Danilenko, P. Valdez et al., “Interleukin-22, a
TH17 cytokine, mediates IL-23-induced dermal inflammation
and acanthosis,” Nature, vol. 445, no. 7128, pp. 648–651, 2007.



6 Arthritis

[37] J. R. Chan, W. Blumenschein, E. Murphy et al., “IL-23 stimu-
lates epidermal hyperplasia via TNF and IL-20R2-dependent
mechanisms with implications for psoriasis pathogenesis,”
Journal of Experimental Medicine, vol. 203, no. 12, pp. 2577–
2587, 2006.

[38] E. Bettelli, Y. Carrier, W. Gao et al., “Reciprocal developmental
pathways for the generation of pathogenic effector TH17 and
regulatory T cells,” Nature, vol. 441, no. 7090, pp. 235–238,
2006.

[39] D. D. O. ’Rielly and P. Rahman, “Genetics of susceptibility
and treatment response in psoriatic arthritis,” Nature Reviews
Rheumatology, vol. 7, no. 12, pp. 718–732, 2011.

[40] R. Scarpa, A. Del Puente, C. Di Girolamo, G. Della Valle, E.
Lubrano, and P. Oriente, “Interplay between environmental
factors, articular involvement, and HLA-B27 in patients with
psoriatic arthritis,” Annals of the Rheumatic Diseases, vol. 51,
no. 1, pp. 78–79, 1992.

[41] E. Dika, F. Bardazzi, R. Balestri, and H. Maibach, “Environ-
mental factors and psoriasis1,” Current Problems in Dermatol-
ogy, vol. 35, pp. 118–135, 2007.

[42] C. Ritchlin, “Psoriatic disease—from skin to bone,” Nature
Clinical Practice Rheumatology, vol. 3, no. 12, pp. 698–706,
2007.

[43] I. Olivieri, A. Padula, S. D’Angelo, and R. Scarpa, “Role of
trauma in psoriatic arthritis,” Journal of Rheumatology, vol. 35,
no. 11, pp. 2085–2087, 2008.

[44] E. W. Rosenberg, P. W. Noah, and R. B. Skinner Jr, “Microor-
ganisms and psoriasis,” Journal of the National Medical
Association, vol. 86, no. 4, pp. 305–310, 1994.

[45] C. Gota and L. Calabrese, “Induction of clinical autoimmune
disease by therapeutic interferon-α,” Autoimmunity, vol. 36,
no. 8, pp. 511–518, 2003.

[46] M. Hashizume and M. Mihara, “The roles of interleukin-6 in
the pathogenesis of rheumatoid arthritis,” Arthritis, vol. 2011,
Article ID 765624, 8 pages, 2011.

[47] T. Alonzi, E. Fattori, D. Lazzaro et al., “Interleukin 6 is required
for the development of collagen-induced arthritis,” Journal of
Experimental Medicine, vol. 187, no. 4, pp. 461–468, 1998.

[48] T. Kagari, H. Doi, and T. Shimozato, “The importance
of IL-1β and TNF-α, and the noninvolvement of IL-6, in
the development of monoclonal antibody-induced arthritis,”
Journal of Immunology, vol. 169, no. 3, pp. 1459–1466, 2002.

[49] A. Ogata, T. Hirano, Y. Hishitani, and T. Tanaka, “Safety
and efficacy of tocilizumab for the treatment of rheumatoid
arthritis,” Clinical Medicine Insights, vol. 5, pp. 27–42, 2012.

[50] R. Horai, S. Saijo, H. Tanioka et al., “Development of chronic
inflammatory arthropathy resembling rheumatoid arthritis in
interleukin 1 receptor antagonist-deficient mice,” Journal of
Experimental Medicine, vol. 191, no. 2, pp. 313–320, 2000.

[51] A. Nakajima, T. Matsuki, M. Komine et al., “TNF, but
not IL-6 and IL-17, is crucial for the development of T
cell-independent psoriasis-like dermatitis in Il1rn−/− mice,”
Journal of Immunology, vol. 185, no. 3, pp. 1887–1893, 2010.

[52] D. McGonagle, “Enthesitis: an autoinflammatory lesion link-
ing nail and joint involvement in psoriatic disease,” Journal of
the European Academy of Dermatology and Venereology, vol. 23,
no. 1, pp. 9–13, 2009.


	Introduction
	Tocilizumab Treatment forSeronegative Spondyloarthritis
	TCZ Treatment for Psoriatic Arthritis
	Adaptive Immune Responses in PsA
	Innate Immune Responses in PsA
	Pathogenic Role of IL-6 in PsA
	Conclusions
	Acknowledgment
	References

