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Streptococcus pyogenes throat infection is a clinically relevant trigger of both guttate
and chronic plaque psoriasis, and it provides an ideal context in which to study the
pathogenesis of these diseases using an antigen-dependent approach. Circulating
cutaneous lymphocyte-associated antigen (CLA) positive (+) memory T cells are a
subset of peripheral lymphocytes whose phenotype and function are related to immu-
nological mechanisms in the skin. These cells are considered peripheral biomarkers of
T-cell-mediated skin diseases. The coculture of autologous epidermal cells with CLA*
T cells from psoriasis patients activated by S. pyogenes allows the reproduction of
the ex vivo initial molecular events that occur during psoriatic lesion formation. With
cooperation of autologous epidermal cells, S. pyogenes selectively activates CLA*
T cells both in guttate and plaque psoriasis, inducing key mediators, including an
IL-17 response. Here, we explore potential new mechanisms of psoriasis development
including the influence of HLA-Cw6 on S. pyogenes CLA* T cell activation in guttate
psoriasis, the relevance of IL-9 on microbe induced IL-17 response in guttate and
plaque psoriasis, and novel effector functions of Candida albicans. This review will
summarize recent knowledge of psoriatic mechanisms elicited by microbes that have
been studied through an innovative translational perspective based on CLA* T cell-me-
diated cutaneous immune response.

Keywords: psoriasis, cutaneous lymphocyte-associated antigen, homing, Candida albicans, Streptococcus
pyogenes

INTRODUCTION

Molecular studies of psoriasis lesions and patients have allowed translational research to generate
potent and novel therapies (1). However, our understanding of the influence of environmental
factors on the psoriatic cutaneous immune response is still limited (1). Several microorganisms,
including bacteria, fungi, and viruses, have been postulated to be potential triggers and/or exac-
erbating factors of psoriasis (2). Bacterial genome DNA sequencing in psoriasis is an area of great
interest, some microorganisms have been identified but their functional relevance for psoriasis is
still to be determined. Psoriasis can be classified as early or late onset (3). The former is associated
with the HLA-Cwé6 allele, streptococcal throat infection, and a higher tendency to be generalized
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(4, 5). Interestingly, patients with this type often present a more
intense inflammatory lymphocytic infiltrate and are more likely
to receive biological therapy (6). All these observations suggest
that the presentation of psoriasis is associated with the present
bacterial infection. Streptococcus pyogenes throat infection is a
well-characterized infectious trigger of gutatte psoriasis (GP)
and chronic plaque psoriasis (CPP). More than 60 years ago,
it was reported that two-third of GP patients present an acute
sore throat 12 weeks before the skin eruption (7). Similarly,
CPP can also be triggered by S. pyogenes throat infections
(8), and interestingly, CPP patients have a higher incidence
of recurrent sore throats compared with controls (9, 10). The
presence of S. pyogenes has been detected in the blood of both
GP and CPP patients (11). In addition, tonsillectomy can be a
useful therapeutic intervention in CPP patients with a history
of streptococcal-associated exacerbations (12). It has been
proposed that psoriasis tonsillar CLA* T cells (13) activated by
streptococcal antigens migrate to the skin where they react to
antigens that share sequence homology with the streptococcal
proteins (14). However, other microbes may also participate
in psoriasis. Fungal cutaneous infections caused by Candida
albicans have been associated with exacerbation of the disease
and a higher frequency of intestinal C. albicans isolation in pso-
riasis patients than controls has been reported (2), although the
mechanisms involved in C. albicans-induced psoriasis remain
poorly characterized.

Interestingly, microbes such as C. albicans induce type I inter-
feron response and, type I interferon production by plasmacytoid
dendritic cells in skin has been stated to be an important trigger
for psoriasis development (15). However, clinical efficacy block-
ing antibodies against IFN-a have not shown clinical efficacy in
psoriasis (16), rising questions about the translational relevance
of this mechanism.

In this review, we cover the current state of the art in psoriasis
immunopathogenic mechanisms brought out by disease-related
microorganisms, such as S. pyogenes or C. albicans. We focus on
cutaneous immune response mediated by CLA* T cells and how
these microbes affect T cell activation and production of clinically
relevant cytokines.

CIRCULATING CLA* T CELLS AND THE
STUDY OF THE CUTANEOUS IMMUNE
SYSTEM

The immune responses of T cells during cutaneous chronic
inflammation in psoriasis involve a subset of memory T lympho-
cytes that can be distinguished from other memory T cells by
the surface expression of the cutaneous lymphocyte-associated
antigen (CLA) antigen. This antigen is a cell surface carbo-
hydrate that allows the identification of memory T cells that
belong to the cutaneous immune system. CLA is an adhesion
molecule expressed by 15% of circulating T cells in humans,
and by most (>90%) skin-infiltrating T cells, contrary to
other inflamed organs (17). In addition to several ligands for
chemokine receptors (CCR10, CCR4, CCR6, and CCRS8), CLA
binds to E-selectin and together with the interaction between

theverylateantigen-4/vascular celladhesion protein-1andlym-
phocyte function-associated antigen-1/intercellular adhesion
molecule-1, forms a code bar system enabling skin lymphoid
infiltration (18). The relevance of circulating CLA* T cells in the
cutaneous immune response lies not only in the skin-seeking
capacity of these cells but also in their functional relation to the
immune response that occurs in inflamed cutaneous lesions.
This feature is derived from the recirculating capacity of these
cells between skin lesion and blood during cutaneous inflam-
mation (18, 19). The antigen-specific response and phenotype
of circulating CLA* T cells has been studied in many human
skin conditions. CLA* T cells respond to antigens, allergens,
or superantigens involved in disease by triggering T cell-
mediated skin diseases, such as psoriasis, atopic dermatitis,
and contact dermatitis (18). Furthermore, the phenotype
and function of these cells are related to the clinical status of
the patient, thereby explaining why circulating CLA* T cells
are considered peripheral cell biomarkers of T cell-mediated
cutaneous disease in humans (18). Using CLA* T cells from
psoriasis patients and healthy controls, our group explores
the influence of microbes on cutaneous immune response in
psoriasis.

CLA* T CELL ACTIVATION BY S. pyogenes
IN PSORIASIS INDUCES IL-17 AND IL-9
RESPONSES

Studying the antigen-specific immune response of CLA* T cells
induced by clinically relevant triggers of psoriasis may allow
the identification of the translational mechanisms involved in
psoriasis. The stimulation of autologous coculture CLA* T cells
and epidermal cells with S. pyogenes leads to an inflammatory
immune response that shows the hallmarks of psoriasis. By
contrast, the same stimulation of CLA™ cells from the same
patient or cultures using CLA*/CLA™ T cells from healthy
controls does not have this effect (20). The CLA* T cell response
in this model is related to the clinical response of patients in
terms of anti-streptolysin O levels, PASI, and duration of flare in
GP (21), and to anti-streptolysin O in CPP (20). This activation
is determined by the presence of autologous epidermal cells
(lesional/non-lesional) and MHC class I and class II presenta-
tion. Supernatants of S. pyogenes-activated cocultures of CLA*
T cells and epidermal cells induce epidermal hyperplasia upon
intradermal injection in mouse skin (20). IL-17A and IL-17F
production is probably the most relevant effect of S. pyogenes on
CLA* T cells in psoriasis. The influence of S. pyogenes through
the response of these cells and the relevance of IL-17 produc-
tion in GP have been extensively studied (21). In HLA-Cwé6*
patients whose GP flare is associated with a pharyngitis episode,
the Th17-associated response is greater than that exerted by
samples from GP patients not associated with pharyngitis. In
fact, significantly higher levels of IL-17A, IL-17F, and even IL-6,
which participates in Th17-differentiation, were found (21).
Thus, the observed response of psoriasis memory T cells to S.
pyogenes seems to be restricted to CLA* T cells, leading to IL-17
production. This cytokine is a key driver of psoriasis, and its
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neutralization in patients, or receptor blockade improves the
skin condition (1).

The cytokine IL-9 is involved in chronic inflammation and has
recently been associated with psoriasis (22, 23). We have demon-
strated how S. pyogenes preferentially induces IL-9 production
during the coculture of autologous CLA* T cells and epidermal
cells in psoriasis but not in healthy controls. IL-9 is produced
in the same culture conditions in which IL-17A and IL-17F
are detected in a time-dependent manner. IL-9 production is
dependent on MHC class I and class II presentation, and it pref-
erentially prolongs CLA* T cell survival. Higher amounts of IL-9
were detected in psoriasis patients than in healthy controls, but
no differences were observed between GP and CPP patients (24).
IL-9 has been associated with increased IL-17A production in an
animal model of psoriasis (23). Since S. pyogenes induces both
IL-9 and IL-17A, we examined the interaction between these two
cytokines in CLA* T cells. To this end, we blocked IL-9 function
using a neutralizing. A 50% reduction in IL-17A production, but
not IFN-y, was found when was IL-9 was neutralized in CLA*
cells activated by S. pyogenes.

Our studies have shown that, in CPP patients without clinical
evidence of S. pyogenes infection, only CLA* T cells respond to
this microbe in comparison to healthy controls. This observation
indicates that psoriasis patients present an adaptive immune
response to S. pyogenes through IL-17A, IL-17F, IL-9, and IFN-y
production (20, 21, 24) and suggests that S. pyogenes modulates
the response of the CLA* T cells that maintain psoriatic lesions,
i.e., pyogenes infection has been describe to participate in CPP
infection, since higher levels of IgG against S. pyogenes proteins
are detected in psoriasis patients in comparison to healthy con-
trols (25). Some studies have reported the presence of the genera
Streptococcus in normal and psoriatic skin (26) and the isolation
of S. pyogenes in the skin of GP patients (4), probably leading to
cutaneous immunization and a CLA* T cell-restricted response
in psoriasis.

CLA* T CELL RESPONSE TO C. albicans
IN PSORIASIS

The cutaneous adaptive immune response to C. albicans infection
is mediated by a Th17 profile since Th17 cells are essential for
anti-fungal barrier immunity (27). Patients with Th17 deficien-
cies have an increased susceptibility to candidiasis (28), and
CD45RA* human T cells may lead to an increase in the number of
IL-17 and IEN-y-producing cells (29). Cutaneous candidal infec-
tions have been reported in association with psoriasis exacerba-
tion (30); however, the mechanisms by which C. albicans induces
psoriasis are poorly understood (2). In psoriasis, C. albicans-
derived superantigens may induce an expansion of lymphocytes
expressing the T-cell receptor variable region beta 5.1 (31). Like
in the case of S. pyogenes, CLA* T cells, together with autologous
epidermal cells, preferentially respond to C. albicans extract by
inducing IL-9, IL-17A, and IFN-y production in psoriasis. This
response appears to be restricted to CLA*CD4" memory T cells
since CD4-depleted CLA* memory T cells do not respond to this
microorganism in a coculture model with psoriasis cells (24).
These results are in line with the expected immune response to

C. albicans in the skin. However, the observed preferential response
of CLA™ T cells in psoriasis suggests an adaptive immune response
to C. albicans, underlying its importance as a relevant antigen
likely to be involved in triggering the disease.

INFLUENCE OF S. pyogenes AND
C. albicans ON IL-17 ADAPTIVE IMMUNE
RESPONSE IN PSORIASIS

The precise mechanisms by which environmental factors trigger
psoriasis are not well understood (1). Biological therapies have
revealed the clinical relevance of the IL-23/IL-17 axis in this skin
disease. Thus, environmental factors that contribute to fueling the
IL-23/IL-17 response may induce the condition. The observation
that CLA* T cells in psoriasis patients respond to skin S. pyo-
genes and C. albicans extracts indicates a relationship between
memory T cells and environmental microbes. Such preferential
sensitization to these microorganisms in psoriasis can be either
at the tonsillar level in psoriasis through the abnormal generation
of CLA* T cells or at the skin level, since the presence of both
S. pyogenes and C. albicans in psoriatic lesions (13). The CLA*
T cell response to these microbes is based on IL-17A, IL-17E IL-9,
and IFN-y production. This response indicates that these skin-
homing cells will migrate to psoriatic lesions and thus that they
may be involved in the local inflammatory response. IL-17A and
IL-17F are clinically validated mediators of psoriasis. S. pyogenes-
driven IL-9 production through CLA* T cells supports IL-17A
production in human lymphocytes, since in vitro neutralization
of IL-9 reduces IL-17A production by 50% (24).

A current model of IL-17 production in psoriasis considers
that some autoantigens, such as LL-37 and ADAMTS-like protein
5, would activate T17 cells (32), initiating the immune circuit of
the psoriasis pathogenetic mechanism in the disease. Also, IL-23
production by inflammatory dendritic cells favors the generation
and maintenance of the T17 phenotype in psoriasis. Interestingly,
regarding the possible interplay between C. albicans and S. pyo-
genes and the IL-23/Th17 axis, it has been recently shown that
C. albicans stimulates dendritic cells to release IL-23 (33). There
is a complex interplay between these two microbes and CLA*
T cells in psoriasis; however, the influence of microbes in psoriasis
may be more complex that originally believed since microbiota
studies demonstrate the presence of a range of microorganisms
in psoriatic lesions (34). The functional relevance of these micro-
organisms for the disease has not been determined (35).

In summary, the observations made to date suggest that
circulating CLA* T cells in psoriasis patients produce increased
amounts of IL-17A, IL-17E and IL-9, in comparison to healthy
controls, when activated by S. pyogenes (Figure 1). Interestingly,
the response to C. albicans is restricted mainly to CLA* T cells
in cocultures with autologous epidermal cells in psoriasis with
a similar cytokine profile. Psoriatic lesions produce several
chemokines to attract skin-seeking CLA* T cells (21) with IL-17
capacity to the skin with potential to induce IL-17-dependent
autoantigens and promote and maintain lesion activity. The
study of the cutaneous immune response of CLA™ T cells allows
us to gain insight into how environmental factors, such microbes,
shape psoriasis inflammation.
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FIGURE 1 | Candida albicans and Streptococcus pyogenes induce IL-17 response in circulating CLA* T cells in psoriasis, thereby indicating an established adaptive
immune response to these microorganisms in this disease. Upon migration to cutaneous lesions, these cells react with those microbes and locally trigger IL-17 and
IL-9 production, which will contribute to inducing psoriasis autoantigens.

AUTHOR CONTRIBUTIONS

LFSB conceived the ideas and together drafted the manuscript.
All authors listed have made a substantial, direct, and intellec- ~ All authors revised and approved the final version of the
tual contribution to the work and approved it for publication. =~ manuscript.

Frontiers in Immunology | www.frontiersin.org 4 June 2018 | Volume 9 | Article 1488


https://www.frontiersin.org/Immunology/
https://www.frontiersin.org
https://www.frontiersin.org/Immunology/archive

De Jesus-Gil et al.

CLA and Microbes in Psoriasis

FUNDING

The study was funded by FIS/ISCIII 2013 (Ministerio de
Economia y Competitividad e Instituto de Salud Carlos III;
P109/2222, P113/01845, and P113/01716) and FIS/ISCIII 2016

REFERENCES

10.

11.

12.

13.

14.

15.

16.

Hawkes JE, Chan TC, Krueger JG. Psoriasis pathogenesis and the develop-
ment of novel targeted immune therapies. J Allergy Clin Immunol (2017)
140:645-53. doi:10.1016/j.jaci.2017.07.004

Fry L, Baker BS. Triggering psoriasis: the role of infections and medications.
Clin Dermatol (2007) 25:606-15. doi: 10.1016/j.clindermatol.2007.08.015
Henseler T, Christophers E. Psoriasis of early and late onset: characterization
of two types of psoriasis vulgaris. J Am Acad Dermatol (1985) 13:450-6.
doi:10.1016/S0190-9622(85)70188-0

Mallbris L, Larsson P, Bergqvist S, Vingard E, Granath E Stahle M. Psoriasis
phenotype at disease onset: clinical characterization of 400 adult cases. J Invest
Dermatol (2005) 124:499-504. doi:10.1111/j.0022-202X.2004.23611.x
Mallbris L, Wolk K, Sanchez F, Stahle M. HLA-Cw*0602 associates with a
twofold higher prevalence of positive streptococcal throat swab at the onset of
psoriasis: a case control study. BMC Dermatol (2009) 9:5. doi:10.1186/1471-
5945-9-5

Theodorakopoulou E, Yiu ZZ, Bundy C, Chularojanamontri L, Gittins M,
Jamieson LA, et al. Early- and late-onset psoriasis: a cross-sectional clinical
and immunocytochemical investigation. Br J Dermatol (2016) 175:1038-44.
doi:10.1111/bjd.14886

Norrlind R. The significance of infections in the origination of psoriasis. Acta
Rheumatol Scand (1955) 1:135-44. doi:10.3109/03009745509164855
Tervaert WC, Esseveld H. A study of the incidence of haemolytic strepto-
cocci in the throat in patients with psoriasis vulgaris, with reference to their
role in the pathogenesis of this disease. Dermatologica (1970) 140:282-90.
doi:10.1159/000252565

Wardrop P, Weller R, Marais ], Kavanagh G. Tonsillitis and chronic psori-
asis. Clin Otolaryngol Allied Sci (1998) 23:67-8. doi:10.1046/j.1365-2273.
1998.00084.x

Gudjonsson JE, Thorarinsson AM, Sigurgeirsson B, Kristinsson KG,
Valdimarsson H. Streptococcal throat infections and exacerbation of chronic
plaque psoriasis: a prospective study. Br ] Dermatol (2003) 149:530-4.
doi:10.1046/j.1365-2133.2003.05552.x

Munz OH, Sela S, Baker BS, Griffiths CE, Powles AV, Fry L. Evidence for the
presence of bacteria in the blood of psoriasis patients. Arch Dermatol Res
(2010) 302:495-8. doi:10.1007/s00403-010-1065-0

Thorleifsdottir RH, Sigurdardottir SL, Sigurgeirsson B, Olafsson JH,
Sigurdsson MI, Petersen H, et al. Patient-reported outcomes and clinical
response in patients with moderate-to-severe plaque psoriasis treated with
tonsillectomy: a randomized controlled trial. Acta Derm Venereol (2017)
97:340-5. doi:10.2340/00015555-2562

Sigurdardottir SL, Thorleifsdottir RH, Valdimarsson H, Johnston A. The
association of sore throat and psoriasis might be explained by histolog-
ically distinctive tonsils and increased expression of skin-homing mole-
cules by tonsil T cells. Clin Exp Immunol (2013) 174:139-51. doi:10.1111/
cei. 12153

Valdimarsson H, Thorleifsdottir RH, Sigurdardottir SL, Gudjonsson JE,
Johnston A. Psoriasis — as an autoimmune disease caused by molecular
mimicry. Trends Immunol (2009) 30:494-501. doi:10.1016/.it.2009.
07.008

Nestle FO, Conrad C, Tun-Kyi A, Homey B, Gombert M, Boyman O, et al.
Plasmacytoid predendritic cells initiate psoriasis through interferon-
alpha production. JExp Med (2005) 202:135-43. doi:10.1084/jem.
20050500

Bissonnette R, Papp K, Maari C, Yao Y, Robbie G, White WI, et al.
A randomized, double-blind, placebo-controlled, phase I study of MEDI-545,
an anti-interferon-alfa monoclonal antibody, in subjects with chronic pso-
riasis. ] Am Acad Dermatol (2010) 62:427-36. doi:10.1016/j.jaad.2009.05.042

(PI16/01573 and PI016/00532). This work was supported by
European Regional Development Fund grants (FEDER). E.
R. R. was granted a PhD fellowship from the Ministerio de
Educacién, Cultura y Deporte of the Spanish Government
(FPU13/02308).

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Picker L], Michie SA, Rott LS, Butcher EC. A unique phenotype of skin-
associated lymphocytes in humans. Preferential expression of the HECA-452
epitope by benign and malignant T cells at cutaneous sites. Am J Pathol (1990)
136:1053-68.

Ferran M, Romeu ER, Rincon C, Sagrista M, Gimenez Arnau AM, Celada A,
et al. Circulating CLA+ T lymphocytes as peripheral cell biomarkers in
T-cell-mediated skin diseases. Exp Dermatol (2013) 22:439-42. doi:10.1111/
exd.12154

Czarnowicki T, Santamaria-Babi LE, Guttman-Yassky E. Circulating CLA(+)
T cells in atopic dermatitis and their possible role as peripheral biomarkers.
Allergy (2017) 72:366-72. doi:10.1111/all.13080

Ferran M, Galvan AB, Rincon C, Romeu ER, Sacrista M, Barboza E, et al.
Streptococcus induces circulating CLA(+) memory T-cell-dependent epi-
dermal cell activation in psoriasis. ] Invest Dermatol (2013) 133:999-1007.
doi:10.1038/jid.2012.418

Ruiz-Romeu E, Ferran M, Sagrista M, Gomez J, Gimenez-Arnau A, Herszenyi K,
et al. Streptococcus pyogenes-induced cutaneous lymphocyte antigen-positive
T cell-dependent epidermal cell activation triggers TH17 responses in patients
with guttate psoriasis. J Allergy Clin Immunol (2016) 138:491-9. doi:10.1016/j.
jaci.2016.02.008

Schlapbach C, Gehad A, Yang C, Watanabe R, Guenova E, Teague JE,
et al. Human THY cells are skin-tropic and have autocrine and paracrine
proinflammatory capacity. Sci Transl Med (2014) 6:219ra8. doi:10.1126/
scitranslmed.3007828

Singh TP, Schon MP, Wallbrecht K, Gruber-Wackernagel A, Wang X]J,
Wolf P. Involvement of IL-9 in Thl7-associated inflammation and
angiogenesis of psoriasis. PLoS One (2013) 8:e51752. doi:10.1371/journal.
pone.0051752

Ruiz-Romeu E, Ferran M, de Jesus-Gil C, Garcia P, Sagrista M, Casanova JM,
et al. Microbe-dependent induction of IL-9 by CLA(+) T cells in psoriasis and
relationship with IL-17A. ] Invest Dermatol (2018) 138:580-7. doi:10.1016/j.
jid.2017.08.048

El-Rachkidy RG, Hales JM, Freestone PP, Young HS, Griffiths CE, Camp RD.
Increased blood levels of IgG reactive with secreted Streptococcus pyogenes
proteins in chronic plaque psoriasi. J Invest Dermatol (2007) 127:1337-42.
doi:10.1038/sj.jid.5700744

Fahlen A, Engstrand L, Baker BS, Powles A, Fry L. Comparison of bacterial
microbiota in skin biopsies from normal and psoriatic skin. Arch Dermatol Res
(2012) 304:15-22. d0i:10.1007/s00403-011-1189-x

Kashem SW, Kaplan DH. Skin immunity to Candida albicans. Trends Immunol
(2016) 37:440-50. doi:10.1016/j.it.2016.04.007

de Beaucoudrey L, Puel A, Filipe-Santos O, Cobat A, Ghandil P, Chrabieh M,
et al. Mutations in STAT3 and IL12RBI impair the development of human
IL-17-producing T cells. ] Exp Med (2008) 205:1543-50. doi:10.1084/jem.
20080321

Becattini S, Latorre D, Mele E, Foglierini M, De GC, Cassotta A, et al. T cell
immunity. Functional heterogeneity of human memory CD4(+) T cell clones
primed by pathogens or vaccines. Science (2015) 347:400-6. doi:10.1126/
science.1260668

Leung DY, Walsh P, Giorno R, Norris DA. A potential role for superanti-
gens in the pathogenesis of psoriasis. J Invest Dermatol (1993) 100:225-8.
doi:10.1111/1523-1747.ep12468941

Walsh P, Norris DA, Abe ], Martin DK, Giorno R, Leung DY. Candida
albicans induces selective expansion of human T lymphocytes expressing the
T-cell receptor variable region V beta 5.1. ] Dermatol Sci (1996) 12:140-6.
doi:10.1016/0923-1811(95)00473-4

Kim J, Krueger JG. Highly effective new treatments for psoriasis target the
IL-23/type 17 T cell autoimmune axis. Annu Rev Med (2017) 68:255-69.
doi:10.1146/annurev-med-042915-103905

Frontiers in Immunology | www.frontiersin.org

June 2018 | Volume 9 | Article 1488


https://www.frontiersin.org/Immunology/
https://www.frontiersin.org
https://www.frontiersin.org/Immunology/archive
https://doi.org/10.1016/j.jaci.2017.07.004
https://doi.org/ 10.1016/j.clindermatol.2007.08.015
https://doi.org/10.1016/S0190-9622(85)70188-0
https://doi.org/10.1111/j.0022-202X.2004.23611.x
https://doi.org/10.1186/1471-5945-9-5
https://doi.org/10.1186/1471-5945-9-5
https://doi.org/10.1111/bjd.14886
https://doi.org/10.3109/03009745509164855
https://doi.org/10.1159/000252565
https://doi.org/10.1046/j.1365-2273.
1998.00084.x
https://doi.org/10.1046/j.1365-2273.
1998.00084.x
https://doi.org/10.1046/j.1365-2133.2003.05552.x
https://doi.org/10.1007/s00403-010-1065-0
https://doi.org/10.2340/00015555-2562
https://doi.org/10.1111/cei.12153
https://doi.org/10.1111/cei.12153
https://doi.org/10.1016/j.it.2009.07.008
https://doi.org/10.1016/j.it.2009.07.008
https://doi.org/10.1084/jem.
20050500
https://doi.org/10.1084/jem.
20050500
https://doi.org/10.1016/j.jaad.2009.
05.042
https://doi.org/10.1111/exd.12154
https://doi.org/10.1111/exd.12154
https://doi.org/10.1111/all.13080
https://doi.org/10.1038/jid.2012.418
https://doi.org/10.1016/j.jaci.2016.02.008
https://doi.org/10.1016/j.jaci.2016.02.008
https://doi.org/10.1126/scitranslmed.3007828
https://doi.org/10.1126/scitranslmed.3007828
https://doi.org/10.1371/journal.pone.0051752
https://doi.org/10.1371/journal.pone.0051752
https://doi.org/10.1016/j.jid.2017.08.048
https://doi.org/10.1016/j.jid.2017.08.048
https://doi.org/10.1038/sj.jid.5700744
https://doi.org/10.1007/s00403-011-1189-x
https://doi.org/10.1016/j.it.2016.04.007
https://doi.org/10.1084/jem.
20080321
https://doi.org/10.1084/jem.
20080321
https://doi.org/10.1126/science.1260668
https://doi.org/10.1126/science.1260668
https://doi.org/10.1111/1523-1747.ep12468941
https://doi.org/10.1016/0923-1811(95)00473-4
https://doi.org/10.1146/annurev-med-042915-103905

De Jesus-Gil et al.

CLA and Microbes in Psoriasis

33. Maher CO, Dunne K, Comerford R, O’'Dea S, Loy A, Woo J, et al. Candida albi-
cans stimulates IL-23 release by human dendritic cells and downstream IL-17
secretion by Vdeltal T cells. J Immunol (2015) 194:5953-60. doi:10.4049/
jimmunol.1403066

34. Gao Z, Tseng CH, Strober BE, Pei Z, Blaser M]J. Substantial alterations of
the cutaneous bacterial biota in psoriatic lesions. PLoS One (2008) 3:e2719.
doi:10.1371/journal.pone.0002719

35. Langan EA, Griffiths CEM, Solbach W, Knobloch JK, Zillikens D, Thaci D.
The role of the microbiome in psoriasis: moving from disease description
to treatment selection? Br ] Dermatol (2018) 178(5):1020-7. doi:10.1111/
bjd.16081

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Copyright © 2018 De Jestis-Gil, Ruiz-Romeu, Ferran, Chiriac, Deza, Hollo, Celada,
Pujol and Santamaria-Babi. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s) and the
copyright owner are credited and that the original publication in this journal is cited,
in accordance with accepted academic practice. No use, distribution or reproduction
is permitted which does not comply with these terms.

Frontiers in Immunology | www.frontiersin.org

June 2018 | Volume 9 | Article 1488


https://www.frontiersin.org/Immunology/
https://www.frontiersin.org
https://www.frontiersin.org/Immunology/archive
https://doi.org/10.4049/jimmunol.1403066
https://doi.org/10.4049/jimmunol.1403066
https://doi.org/10.1371/journal.pone.0002719
https://doi.org/10.1111/bjd.16081
https://doi.org/10.1111/bjd.16081
https://creativecommons.org/licenses/by/4.0/

	CLA+ T Cell Response to Microbes in Psoriasis
	Introduction
	Circulating CLA+ T Cells and the Study of the Cutaneous Immune System
	CLA+ T Cell Activation by S. pyogenes in Psoriasis Induces IL-17 and IL-9 Responses
	CLA+ T Cell Response to C. albicans in Psoriasis
	Influence of S. pyogenes and C. albicans on IL-17 Adaptive Immune Response in Psoriasis
	Author Contributions
	Funding
	References


