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The new psoriasis pathway: 
toward a unified theory 
of immunopathogenesis
‘...research in the pathogenesis of psoriasis has focused 
on immune deregulation and how these activated 
Th1 cells and the cytokines they produce form the 
driving force for induction and maintenance 
of a psoriatic plaque.’
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Psoriasis is characterized by thick, scaly red
plaques that show a predilection for the elbows,
knees and scalp but may develop in any area of
the skin. Histologically, these lesions have a
characteristic thickening of the epidermis with
proliferation of epidermal keratinocytes. There
are collections of neutrophils in the epidermis.
T cells and dendritic cells infiltrate the dermis
and there are hyperplasic,
dilated blood vessels in the
papillary dermis. The
endothelial cells are acti-
vated and stain for different
adhesion molecules, such as
ICAM-1, VCAM-1 and
E-selectin, to allow for continued inflammatory
cell trafficking into the skin.

Thus, multiple cell types must interact to
form a psoriatic plaque. Much of the research
in the pathogenesis of psoriasis has focused on
immune deregulation and how these activated
Th1 cells and the cytokines they produce form
the driving force for induction and mainte-
nance of a psoriatic plaque. The classic mouse
model that first started this line of research was
developed by Wrone-Smith and Nickoloff.
Symptomless skin from a psoriatic patient was
transplanted on an immunodeficient (severe
combined immunodeficiency disease) mouse.
T cells from the same patient were activated
in vitro and then injected into the xenografted
skin. In time, the graft became histologically

identical to skin from a plaque of psoriasis
complete with keratinocyte and vascular
changes. This change did not occur in skin
from patients without psoriasis or when the
T cells were not activated in vitro. Thus, the
introduction of activated T cells was sufficient
to induce psoriasis in genetically susceptible
keratinocytes [1].

This T-cell activation in
psoriasis has focused on a
‘type 1’ response. The clas-
sic mediator of this type 1
response is the cytokine
IFN-γ. This classic response
focuses on an undefined

trigger on the antigen-presenting cells in the der-
mis (CD11c dendritic cells), which eventually
stimulates T cells [1,2]. The early inducers of this
response are IL-12 and -23, which stimulate the
T cell toward Th1 differentiation. These acti-
vated Th1 cells can produce various inflamma-
tory mediators, including IFN-γ, TNF-α, and
IL-17. Numerous downstream molecules are
then triggered by this cytokine influx that con-
tribute to the psoriatic plaque. The type 1
cytokines promote keratinocyte hyperplasia,
dilation of vascular channels and upregulation of
adhesion molecules (e.g., cutaneous lym-
phocyte-associated antigen and VCAM) to allow
for additional inflammatory cells, and provide
an inflammatory milieu of chemokines to
potentiate this chronic response [3]. 

‘...the introduction of 
activated T cells was 
sufficient to induce 

psoriasis in genetically 
susceptible keratinocytes.’
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Activated T lymphocytes were also the focus of the newer
psoriasis treatments. At first glance, these medications also
appear to be targeting the type 1 response. TNF-α is a classic
cytokine produced by Th1 cells, and anti-TNF medications are
quite effective in controlling psoriasis [3]. IL-12 is thought to
initiate cytokines in inflammatory reactions to push the differ-
entiation of T cells toward the type 1 phenotype. The anti-
IL-12/23 (which share an identical p40 subunit) antibodies are
currently in Phase III trials for psoriasis and also seem to be
quite effective in controlling psoriasis [4].

However, the IL-23 cytokine has played a major role in
breaking the classic Th1/Th2 hypotheses. This interleukin
also drives a newly discovered population of T cells, the Th17
cells. This novel T cell produces inflam-
matory mediators, including IL-17, IL-22,
IL-6 and TNF-α. The old model of a lin-
ear Th1 cytokine-driven inflammatory
pathway, with IL-12 activation of Th1
cells and IFN-γ stimulating the initial
changes in a psoriasis plaque, needs to be
expanded. With over 100 different gene products upregulated
in a psoriatic plaque [5] (and only a limited number of those
can be explained by IFN-γ stimulation alone [6]), it is more
likely that this is a complicated, cross-activated system that is
stimulated and regulated on many different levels. It is also
likely that the keratinocyte is no longer merely a secondary tar-
get from inflammation but may play a primary role in the initi-
ation and maintenance of the psoriatic plaque with the acti-
vated T cells. A closer examination of each of these cells and
new interleukins will help to shed light on this newer system
and how it relates to psoriasis.

Th17 cells
This population of T cells is a different class of T cells that
seems to be active in very specific and limited disease states,
namely autoimmune diseases and, occasionally, in specific
microbial infections. IL-6, which activates nuclear signal trans-
ducer and activator of transcription (STAT)-3 transcription [7]

and TGF-β (both made by active dendritic cells in the dermis)
are needed for the establishment of this T-cell lineage [8]. TGF-β
upregulates the IL-23 receptor (IL-23R) on this T cell [9], and
IL-23 is needed for the establishment and long-term survival of
this cell in tissues [10]. This cell is present in active psoriatic
plaques [11] and two of the major cytokines that this T cell
produces, IL-17 and IL-22, are also recently discovered players
in psoriasis.

IL-17
The interleukin that the memory Th17 cells were named after is
also linked to autoimmune disease. It has been shown to induce
changes that we would normally find in an active psoriatic
plaque: it stimulates neutrophil recruitment [12], angiogenesis [13]

and multiple matrix metaloproteinases [14]. It has additive and
synergistic effects with IL-1 (a classic type 1 cytokine), as well as
TNF-α [15].

IL-23
As discussed, this interleukin is made by activated dendritic
cells [11], as well as macrophages and keratinocytes. It is the main
inducer of the T17 cells [16] and also activates nuclear STAT-3
transcription. Since it shares the common p40 subunit with
IL-12, it was initially thought to be a similar molecule. However,
IL-12 is a potent inducer of IFN-γ and the classic Th1 response
and does not seem to induce T17 cells. The addition of IL-23 can
show an increase in IL-17 and IL-22 but not IFN-γ [17]. IL-23 is
overexpressed in psoriatic skin (unlike IL-12), and addition of this
interleukin in the epidermis induces a marked acanthosis and
mixed infiltrate. Although IL-12 can cause similar changes, the
acanthosis is not as marked [18]. IL-23 expression is significantly

higher in psoriatic lesional skin compared
with nonlesional and normal controls [19]. 

Interestingly, an IL-23R gene mutation on
T cells has been associated with psoriasis [20]

and other autoimmune processes, such as
inflammatory bowel disease [21].

IL-22
A key cytokine in the acanthosis and inflammation induced by
IL-23 is IL-22. IL-22 is made by Th17 cells, as well as natural
killer and mast cells. It does not affect T-helper differentiation
and its receptor is not found on any activated or resting immune
cells. It is found in the pancreas, the GI tract and epidermal
keratinocytes to regulate tissue protection and promote wound
healing [22]. Inflammation through IFN-γ increases the sensitiv-
ity of keratinocytes to this interleukin and upregulates the
IL-22R. Synergistically with IL-17, it induces defensins, matrix
metalloproteinases and other molecules, including S100A7 [23],
which enhances keratinocyte mobility [24], proliferation and the
inflammatory response seen specifically in a psoriatic plaque.
S100A7 seems to be important in the early evolution of a pso-
riasis plaque and is a key chemotactic molecule for neutrophils
and CD4 lymphocytes [25]. It is almost undetectable in normal
skin but highly expressed in psoriatic keratinocytes [26].

There are several recent articles that demonstrate how IL-22
appears to be the primary interleukin responsible for the epi-
dermal hyperplasia induced by IL-23. It inhibits normal
keratinocyte differentiation, and changes the keratin expression
pattern to that of hyperplastic keratinocytes with keratin 6 [22].
Interfering with IL-22 will decrease epidermal acanthosis [17].

IL-22 appears to activate only a few inflammatory molecules,
unlike IFN-γ, which activates many downstream pathways.
This molecule has very specific key inflammatory properties,
and the genes activated in the keratinocyte by this interleukin
play an important role in psoriasis. Elevated IL-22 in the blood
also correlates with severity of the psoriatic skin disease. IL-22
is also found to be increased in the psoriatic plaque [27]. In the
colon, it appears to have cross-talk with some of the typical
inflammatory mediators for psoriasis, namely TNF-α. IL-22
increases mRNA expression of TNF-α, and TNF-α upregulates
the IL-22R [28]. In a mouse model of psoriasis, TNF-α was
shown to induce cross-talk between IL-23-activated T cells

‘IFN-α is a classic cytokine 
produced by Th1 cells, 

and anti-TNF medications 
are quite effective in 
controlling psoriasis.’
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(which make IL-22) and keratinocytes [18]. It is one of a few
links between activated keratinocytes and activated T cells and
this link seems to be through STAT-3 activation. 

STAT-3
Both IL-23 and IL-22 induce STAT-3 nuclear transcription
in transgenic mouse models of psoriasis. STAT-3 is fairly spe-
cific for psoriasis and is found in its active form in the nuclei
of keratinocytes in psoriatic plaques but not in other hyper-
proliferative epidermal disorders, such as lichen planus.
Activating STAT-3 in the keratinocytes of mouse epidermis
produces a clinical and histological pic-
ture close to human psoriasis. In fact,
activated STAT-3 is even found in the
basal layer of uninvolved psoriatic skin
and may be important in the predisposi-
tion of psoriatic skin to make psoriatic
plaques. In lesional skin, STAT-3 is local-
ized to the nucleus in both basilar and suprabasilar keratino-
cytes. Activated T cells are essential to this activation of
STAT-3 [29]. 

Studies of STAT-3-deficient mice have shown that STAT-3 is
essential for keratinocyte migration and wound healing. ICAM,
which is essential for T-cell recruitment into the skin, also
appears to be upregulated by STAT-3 [29,30]. Various other genes,
including VEGF, TGF-α and cyclin D-1, are regulated by STAT-3
and contribute to psoriasiform lesions in mouse models [29].
Interestingly, anti-TNF treatment decreased STAT-3 levels in
keratinocytes of psoriatic skin within 48 h, even before any
change was physically seen in the psoriatic plaque. 

STAT-3 also plays a role in T cells, particularly Th17 cells.
When stimulated, STAT-3 binds directly to an IL-17 pro-
moter [31]. TNF-α alone cannot induce STAT-3, but both
IFN-γ and TNF-α can induce this nuclear transcription factor.
IL-23 and IL-6 also both stimulate STAT-3 [7]. 

Putting all of this information together, we can no longer think
of psoriasis as only a linear Th1 response. It is a complicated net-
work of intertwining pathways from multiple inflammatory medi-
ators. Older research and drug therapies have focused on this Th1
response. For example, TNF is certainly a major player in the Th1
immune response and anti-TNF treatments have worked well in
psoriasis. However, TNF also plays a role in the Th17 response. It
upregulates the IL-22R, it is made by Th17 cells and synergist-
ically enhances IL-17 effects in the skin and, together with IFN-γ,
stimulates STAT-3 nuclear transcription factors in the T cell. 

In addition to T-cell activation, it is likely that the keratino-
cyte itself plays a key role in the initiation
and maintenance of a psoriatic plaque. No
longer can we view the keratinocyte as an
innocent bystander susceptible to the
inflammation produced by activated
T cells. Although the initial signal for the
change in the activated keratinocyte is still

unclear, STAT-3 activation provides an important link between
keratinocytes and immune cells.

Newer therapies in the pipeline, including an anti-IL12/23 fully
humanized antibody, have also shown promise in treating pso-
riasis. Clearly, this medication can focus on IL-12 as a classic Th1
cytokine but it probably also combats psoriasis via the IL-23 path-
way. This antibody is then able to target two separate but impor-
tant inflammatory pathways in psoriasis, the Th1 and Th17
responses. In the future, it is likely that for autoimmune diseases,
such as psoriasis, we will be able to focus on pathways that are very
specific to that disease. For example, focusing on the Th17 cells or
STAT-3 activation in keratinocytes will probably have fewer
downstream effects than classic Th1 cytokines, such as IFN-γ.
This is an exciting time for immunologists and physicians who
treat autoimmune disease and these emerging pathways will lead
to newer, safer and more effective strategies for combating these
complicated autoimmune diseases.

References

1 Nickoloff BJ, Wrone-Smith T. Injection of 
pre-psoriatic skin with CD4+ T cells 
induces psoriasis. Am. J. Pathol. 155(1), 
145–158 (1999).

2 Nestle FO, Turka LA, Nickoloff BJ. 
Characterization of dermal dendritic 
cells in psoriasis. Autostimulation of 
T lymphocytes and induction of Th1 type 
cytokines. J. Clin. Invest. 94(1), 202–209 
(1994).

3 Krueger JG. The immunologic basis for 
the treatment of psoriasis with new 
biologic agents. J. Am. Acad. Dermatol. 
46(1), 1–23 (2002).

4 Krueger GG, Langley RG, Leonardi C 
et al. A human interleukin-12/23 
monoclonal antibody for the treatment of 
psoriasis. N. Engl. J. Med. 356(6), 
580–592 (2007).

5 Zhou X, Krueger JG, Kao MC et al. Novel 
mechanisms of T-cell and dendritic cell 
activation revealed by profiling of psoriasis on 
the 63,100-element oligonucleotide array. 
Physiol. Genomics 13(1), 69–78 (2003).

6 Lew W, Bowcock AM, Krueger JG. Psoriasis 
vulgaris: cutaneous lymphoid tissue supports 
T-cell activation and “Type 1” inflammatory 
gene expression. Trends Immunol. 25(6), 
295–305 (2004).

7 Zhang L, Badgwell DB, Bevers JJ 3rd et al. 
IL-6 signaling via the STAT3/SOCS3 
pathway: functional analysis of the conserved 
STAT3 N-domain. Mol. Cell. Biochem. 
288(1–2), 179–189 (2006).

8 Reddy J, Waldner H, Zhang X et al. 
Cutting edge: CD4+CD25+ regulatory 
T cells contribute to gender differences in 
susceptibility to experimental autoimmune 
encephalomyelitis. J. Immunol. 175(9), 
5591–5595 (2005).

9 Mangan PR, Harrington LE, O’Quinn DB 
et al. Transforming growth factor-β induces 
development of the T(H)17 lineage. Nature 
441(7090), 231–234 (2006).

10 Iwakura Y, Ishigame H. The IL-23/IL-17 
axis in inflammation. J. Clin. Invest. 
116(5), 1218–1222 (2006).

11 Lee E, Trepicchio WL, Oestreicher JL et al. 
Increased expression of interleukin 23 p19 
and p40 in lesional skin of patients with 
psoriasis vulgaris. J. Exp. Med. 199(1), 
125–130 (2004).

12 Stark MA, Huo Y, Burcin TL, Morris MA, 
Olson TS, Ley K. Phagocytosis of apoptotic 
neutrophils regulates granulopoiesis via 
IL-23 and IL-17. Immunity 22(3), 285–294 
(2005).

13 Numasaki M, Fukushi J, Ono M et al. 
Interleukin-17 promotes angiogenesis and 
tumor growth. Blood 101(7), 2620–2627 
(2003).

‘...genes, including VEGF, 
TGF-α  and cyclin D-1, are 
regulated by STAT-3 and 

contribute to psoriasiform 
lesions in mouse models.’



Melhis & Gordon

450 Expert Rev. Clin. Immunol. 3(4), (2007)

14 Komiyama Y, Nakae S, Matsuki T et al. 
IL-17 plays an important role in the 
development of experimental autoimmune 
encephalomyelitis. J. Immunol. 177(1), 
566–573 (2006).

15 McAllister F, Henry A, Kreindler JL et al. 
Role of IL-17A, IL-17F, and the IL-17 
receptor in regulating growth-related 
oncogene-α and granulocyte colony-
stimulating factor in bronchial epithelium: 
implications for airway inflammation in cystic 
fibrosis. J. Immunol. 175(1), 404–412 (2005).

16 Harrington LE, Hatton RD, Mangan PR 
et al. Interleukin 17-producing CD4+ 
effector T cells develop via a lineage distinct 
from the T helper type 1 and 2 lineages. Nat. 
Immunol. 6(11), 1123–1132 (2005).

17 Zheng Y, Danilenko DM, Valdez P et al. 
Interleukin-22, a T(H)17 cytokine, 
mediates IL-23-induced dermal 
inflammation and acanthosis. Nature 
445(7128), 648–651 (2007).

18 Chan JR, Blumenschein W, Murphy E et al. 
IL-23 stimulates epidermal hyperplasia via 
TNF and IL-20R2-dependent mechanisms 
with implications for psoriasis pathogenesis. 
J. Exp. Med. 203(12), 2577–2587 (2006).

19 Piskin G, Sylva-Steenland RM, Bos JD, 
Teunissen MB. In vitro and in situ expression 
of IL-23 by keratinocytes in healthy skin and 
psoriasis lesions: enhanced expression in 
psoriatic skin. J. Immunol. 176(3), 
1908–1915 (2006).

20 Cargill M, Schrodi SJ, Chang M et al. 
A large-scale genetic association study 
confirms IL12B and leads to the 
identification of IL23R as psoriasis-risk 
genes. Am. J. Hum. Genet. 80(2), 273–290 
(2007).

21 Duerr RH, Taylor KD, Brant SR et al. 
A genome-wide association study identifies 
IL23R as an inflammatory bowel disease gene. 
Science 314(5804), 1461–1463 (2006).

22 Boniface K, Bernard FX, Garcia M, 
Gurney AL, Lecron JC, Morel F. IL-22 
inhibits epidermal differentiation and induces 
proinflammatory gene expression and 
migration of human keratinocytes. 
J. Immunol. 174(6), 3695–3702 (2005).

23 Wolk K, Kunz S, Witte E, Friedrich M, 
Asadullah K, Sabat R. IL-22 increases the 
innate immunity of tissues. Immunity 21(2), 
241–254 (2004).

24 Pilcher BK, Dumin JA, Sudbeck BD, 
Krane SM, Welgus HG, Parks WC. 
The activity of collagenase-1 is required for 
keratinocyte migration on a type I collagen 
matrix. J. Cell Biol. 137(6), 1445–1457 
(1997).

25 Watson PH, Leygue ER, Murphy LC. 
Psoriasin (S100A7). Int. J. Biochem. Cell Biol. 
30(5), 567–571 (1998).

26 Broome AM, Ryan D, Eckert RL. S100 
protein subcellular localization during 
epidermal differentiation and psoriasis. 
J. Histochem. Cytochem. 51(5), 675–685 
(2003).

27 Wolk K, Witte E, Wallace E et al. IL-22 
regulates the expression of genes responsible 
for antimicrobial defense, cellular 
differentiation, and mobility in keratinocytes: 
a potential role in psoriasis. Eur. J. Immunol. 
36(5), 1309–1323 (2006).

28 Brand S, Beigel F, Olszak T et al. IL-22 is 
increased in active Crohn’s disease and 
promotes proinflammatory gene expression 
and intestinal epithelial cell migration. Am. J. 
Physiol. Gastrointest. Liver Physiol. 290(4), 
G827–G838 (2006).

29 Sano S, Chan KS, Carbajal S et al. 
STAT3 links activated keratinocytes and 
immunocytes required for development of 
psoriasis in a novel transgenic mouse 
model. Nat. Med. 11(1), 43–49 (2005).

30 Caldenhoven E, van DT, Raaijmakers JA, 
Lammers JW, Koenderman L, de Groot RP. 
Activation of the STAT3/acute phase 
response factor transcription factor by 
interleukin-5. J. Biol. Chem. 270(43), 
25778–25784 (1995).

31 Chen Z, Laurence A, Kanno Y et al. 
Selective regulatory function of Socs3 in the 
formation of IL-17-secreting T cells. 
Proc. Natl Acad. Sci. USA 103(21), 
8137–8142 (2006).

Affiliations

• Stephanie L Melhis, MD

Director of Clinical Research, Evanston 
Northwestern Healthcare, Division of 
Dermatology, 9977 Woods Drive, Skokie, 
IL 60077, USA
Tel.: +1 847 663 8060
Fax: +1 847 663 8539
smehlis@enh.org

• Kenneth B Gordon, MD

Associate Professor of Dermatology, Northwestern 
University, Feinberg School of Medicine
and, 
Head, Division of Dermatology, Evanston 
Northwestern Healthcare, 9977 Woods Drive, 
Skokie, IL 60077, USA
Tel.: +1 847 663 8539
Fax: +1 847 663 8536
kgordon@enh.org




