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ABBREVIATIONS

ASO: anti-streptolysin O antibody
CLA: cutaneous lymphocyte antigen
EOP: early onset psoriasis

GAS: group A streptococci

GP: guttate psoriasis

PP: plaque psoriasis

SE: Streptococcus pyogenestract



ABSTRACT

Streptococcus pyogentmsillar infection is well-known to trigger andaeerbate psoriasis lesions in
both guttate and plaque forms of the disease. Athomucosal and cutaneous tissues are closely
involved in psoriasis pathology, the interactiommmen their specific immune responses has not been
deeply explored. This work aims to address andacherize the presence of humoral responses
against Streptococcus pyogends psoriasis patients and its putative associatidth cytokine
responses detectaal vitro in our psoriasis ex vivo model, based on the d¢aocellof CLA+/- T cells
with autologous epidermal cells. Psoriasis patigmesented increased IgA responseétqyogenes
when compared to control subjects. Surprisinglyplaque psoriasis patients, despite being negative
for anti-streptolysin O antibody titer, IgA plasri®vels againss. pyogenesorrelated with CLA+ T

cell dependent IL-17F responisevitro. Not association is observed for IgG levels imjpka psoriasis.
Similar association is observed for IgA anti-SE &ind 7A in guttate psoriasis patients. We propose
S. pyogenespecific IgA as a potential new perspective fottdyeunderstanding the role &.

pyogenesn psoriasis development.
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INTRODUCTION

Psoriasis is a chronic inflammatory T cell-mediagkih disease, consequence of a combination of
genetic and environmental factors (Hawkes et al720The role of microorganisms in psoriasis
development has been discussed for years, andas®asteria, fungi and virus have been associated
with the either the onset or new flares of the alise(Fry et al. 2013%treptococcus pyogenemsillar
infection is the strongest environmental factokéid to trigger and/or to exacerbate psoriasis skin
lesions, not only in guttate form of the diseaser(lihd 1955), but also in chronic plaques (Cohen
Tervaert and Esseveld 1970; Thorleifsdottir et28ll7; Wardrop et al. 1998). In fact, tonsillectomy
has proved to ameliorate psoriatic symptoms inepédi even leading to disease clearance in some
cases (Thorleifsdottir et al. 2017). Patients vwatrly onset of psoriasis (EOP) are more likely to
develop flares after an upper respiratory traceahbn, to have a family history psoriasis and to
present higher disease severity (Theodorakopoul@l. 2016). These EOP patients tend to require
systemic treatments, being more likely to receii@olgics and suggesting that streptococcal throat
infection somehow conditions psoriasis developmam the clinical management of the disease.
However, the exact pathogenetic links betwegtneptococcus pyogendsnsillar infection and
psoriasis are not fully elucidated. Streptococei @ble to be internalized and to survive into ttarsi
cells as intracellular structures. This immune @ramechanism allowS. pyogenet remain within

the organism, giving rise to a reservoir of peesis putative pathogenic antigens (Osterlund et al.
1997). The well-established association betw&epyogenethroat sore and psoriasis has led to the
hypothesis that cutaneous lesions are mediatedd®ll§ originated in tonsils that later migratettie
skin, where they activate and secrete pro-inflamonyatytokines (Valdimarsson et al. 2009). This
hypothesis is further supported by the demonstratib identical TCRVB gene rearrangements in
cutaneous and tonsillar T cells isolated from t@es patient (Diluvio et al. 2006).

There is a subset of memory T cells whose actiistyconfined to cutaneous tissue, which are
identified by the expression of the cutaneous lyoapte-associated antigen (CLA). During cutaneous
inflammation, these skin homing T cells are ablestwrculate between skin lesions and blood and are

considered peripheral biomarkers of human T-cellliated cutaneous diseases (Ferran et al. 2013).



Interestingly, psoriasis patients have increasedlseof CLA+ T cells expressing IL-23 receptor in
blood and tonsils (Sigurdardottir et al. 2013). igtons in the number and phenotype of circulating
CLA+ T cells are closely related to improved cladioutcome of psoriasis patients (Thorleifsdottir e
al. 2012). Our group has established a psorisisivomodel based on the coculture of circulant
CLA+ or CLA- T cells and autologous epidermal ceifolated from lesional psoriasis patients’ skin
biopsies, which are then activated bySapyogenegxtract, leading to specific IL-17 response in
CLA+ but not CLA- T cells cultures (Ferran et a13; Ruiz-Romeu et al. 2018; Ruiz-Romeu et al.

2016).

As considered a T-cell mediated disease, the stfidige cellular immune response in psoriasis has
been widely approached. Nevertheless, few resdiiseasing the humoral immune response against
Streptococcus pyogen@s psoriasis patients have been undertaken. Itbkas reported that plaque
psoriasis patients had increased plasma IgG legetsgnizingS. pyogenekeat shock proteins (Pérez-
Lorenzo et al. 2003), specifically the 60KDa protaamed rHSP60Sp compared to guttate psoriasis
patients and controls (Cancino-Diaz et al. 2004j)ictw was associated with higher PASI and ASO
titter. More recently, non-treated chronic plageemasis patients showed increased blood levels of
IgG against secretefl. pyogenegproteins, but not cellular components comparedotatrol subjects
(ElI-Rachkidy et al. 2007). Notably, palatine tossdre key components of the mucosal immune
system at the oropharyngeal tract and are commafggted by streptococci in psoriasis. Although
mucosal and cutaneous tissues are closely invdlvgmboriasis pathology, the interaction between
their specific immune responses has not been desplyred. The role of IgA as the major antibody
participating in humoral mucosal immunity may begodat interest in psoriasis, despite presence of B
cells is not required in psoriasis pathogenesioifids et al. 2019). Lately, Thomas J et al showed
increased IgA blood levels in plaque psoriasisgadi, that positively correlated with IgA producing
plasma cells (CD19+ CD24- CD38+ CD138+) and PsiariAsea Severity Index (PASI). However,
less is known about the presence of specific Ig&ires}S. pyogenem those patients. This work aims

to address and characterize the presence of muousaine response agair@treptococcus pyogenes



in psoriasis patients and its putative associatith the IL-17A, IL-17F, IFNy and IL-9 cytokine

response detectéal vitro in our psoriasis model.

RESULTS

Psoriasis patients show elevated anti-SE |gA compar ed to control subjects

To study the psoriasis-specific humoral immune oasp against a relevant microbial trigger of the
disease such aStreptococcus pyogeneglasma from psoriasis (n=62), psoriatic arthr{tis=13),
atopic dermatitis (n=17) patients, and healthy ist(n=21) were collected and analyzed by ELISA
against the microorganism extract. Psoriasis patieave proved to have higher immunoglobulins (I1g)
A levels agains®. pyogenesxtract (SE) when compared to atopic dermatitgs@mtrols individuals,
but similar to psoriatic arthritis (Figure 1a). Hever, differences in anti-SE IgG plasma levelsrante
detected within psoriasis, psoriatic arthritis, ptodermatitis and healthy controls subjects, (Fégu
1c). Interestingly, according to their subtype cfedse, plaque (n=34) and guttate (n=28) psoriasis
patients show increased anti-SE IgA both relativatbpic dermatitis and control subjects (Figure 1b
d). Nonetheless, neither plaque nor guttate pserisisowed higher anti-SE 1gG plasma levels
compared to control subjects (Figure 1d). Of imgatinote, anti-SE IgG was detected in plasma from
many control subjects at similar levels to thos@soriasis patients, whereas anti-SE IgA was hardly

detectable in controls.

I ncreased anti-SE 10A levelsin ASO negative plaque psoriasis

Anti-streptolysin O antibody (ASO) titer is an easyd frequently used tool to assess recent group A
Streptococcugnfection. Considering that 71,43% of guttate pesis flares in our first cohort were
associated t&. pyogenefection and they present elevated ASO titer (@dl), increased anti-SE
lgG plasma levels were expected in these patient28). Surprisingly, higher anti-SE IgA levels
compared to control subjects were observed too.ddew although our cohort of plague psoriasis
patients (n=34) showed negative ASO titer (<200Y&nld their flares were not associated to clinical
signs ofS. pyogenemfection (Table 1), we were able to detect siaadly significant increased anti-
SE IgA levels in plasma compared to controls toesiBes, plague psoriasis patients showed a more

severe disease according to Psoriasis Area andityevelex (PASI) (mean value of 14,58 (6,55



SD) versus 7,10 (+3,14) in guttate psoriasis, pi&ak0,0001), longer clinical evolution (26,69
(x62,73) months versus 2,71 (x7,12), p value <Q,8lightly later onset of the disease and less
association to the presence of HLA-Cw6 allele (€abl when compared to individuals with guttate
psoriasis. Altogether, our results point out tlahs plaque psoriasis patients have been exposgd to
pyogenesdespite having negative clinical signs of recarfedgtion, and that elevated anti-SE IgA

levels may be a sign of chronic immune responsmsifa. pyogenes

Psoriasis patients anti-SE | gA plasma levels, but not |gG, correlatewith CL A+ dependent-1L-17

responsein vitro

Next, we wanted to see whether anti-SE IgA or I¢@&ma levels were associatedriwitro response

to S. pyogene$SE) activation in cocultures of CLA+/- T cellsgither with autologous epidermal
cells. For that purpose, cytokines such as IL-1ILAL7F, IFN+ and IL-9 were quantified in culture
supernatant from some plaque psoriasis (PP, ngiftate psoriasis (GP, n=26) and healthy control
(n=14) subjects. Interestingly, a significant dir@orrelation (r = 0,501; p value = 0,0056) is
established between IgA anti-SE plasma levels and+CT cells dependent IL-17F responseSo
pyogenesn plague psoriasis patients (Figure 2a). Thi®eiasion is not observed for CLA- T cells
IL-17F response. A direct correlation is also obedrbetween IgA anti-SE and IFNinduction in
both CLA+ and CLA- T cells cultures (Figure 2c) folaque form of the disease. However, there is
not clear association between IgA anti-SE plasnaal$éeand IL-17A and IL-9 respons@s vitro for
plaque psoriasis patients (Figure 2b, d). Regardintjate psoriasis patients we observed distinct
patterns of association between IgA anti-SE andkiges induced in culture. On the one hand, there
is no association with neither IL-17F nor IRNFigure 2e, g), as observed for plaque psori@sisthe
contrary, there is clear direct correlation betwégh anti-SE and CLA+ T cells dependent IL-17A
induction (r = 0,586; p value = 0,0017), but notGhA- T cells (Figure 2f). And also, a direct
correlation with IL-9 levels for both CLA+ and CLA- cells (Figure 2h). Notably, no correlation was
found with IgG anti-SE plasma levels (Supplementgaple 1). Altogether, plasma levels of anti-SE
IgA —but not IgG— from plaque psoriasis patientgesdedin vitro IL-17 response of CLA+ T cell and

epidermal cell cocultures stimulated wihpyogenesxtract.



Anti-SE 10A responsein psoriasis patientsis associated to type 1 |gA

Having proved the presence of IgA recognizBigpyogeneim plasma from psoriasis patients, even in
those with non-associated sore throat infection,seek to explore the putative source of mucosal
immune response against these microorganisms Hyzanga IgA subtypes. Plasma from psoriasis
patients was then analyzed by a similar ELISA bsihg anti-human IgAl1 or IgA2 as secondary
antibodies. We observed that psoriasis patientsvetichigher anti-SE IgA1 than IgA2 subtype in
plasma (Figure 3a). Although optical density valdesected were lower than for IgA, positive and
negative controls proved that antibodies workeeach ELISA (Figure S1). When looking at the
distribution of specific IgA1 and IgA2 againSt pyogenebetween the different forms of the disease,
we observe that both plaque (Figure 3b) and gutiateriasis (Figure 3c) patients have slightly

increased levels of anti-SE IgA1 compared to IgA2.



DISCUSSION

Streptococcus pyogengdection can influence psoriasis development ewalution (De Jesus-Gil et
al. 2018; Norrlind 1955). Our results show that lggainstS. pyogeness present in plasma from
plaque and guttate psoriasis patients and itsdemed directly associated to CLA+ T cell dependent
IL-17 response in ouex vivomodel of the disease, that correlates with theiccliRuiz-Romeu et al.

2018).

We found that our cohort of plaque psoriasis p#iewith no history of streptococcal mediated
tonsillitis and negative ASO titer, had developeairal response agairSt pyogenedDespite what
other clinical parameters may indicate, anti-SE Ig#els found in plaque psoriasis patients’ plasma
proved that these patients have been exposed sontfdroorganism. Although B cells are not
indispensable for psoriasis development, as préwyea case of full psoriasis vulgaris phenotype in a
patient with common variable immunodeficiency (CYIhomas et al. 2019), the presence of anti-
SE IgA response may condition disease developmemiragression. More surprisingly, in those
plague psoriasis patients values for IgA-SE cotedlavith CLA+ T cells mediated IL-17F resporise
vitro. However, higher but not significantly increaseuti-$E IgG blood levels were detected in
plague psoriasis patients compared to control stdyjeven though previous works showed increased
blood levels of IgG recognizing secret&d pyogeneproteins (Cancino-Diaz et al. 2004; Pérez-
Lorenzo et al. 2003), probably due to the differsmirce of antigen used to determine 1gG ag&nst
pyogenes Increased levels of IgA anti-SE were also detkdte guttate psoriasis patients when
compared to healthy individuals, but these wereatly correlated with IL-17A secretion by CLA+ T

cellsin vitro afterS. pyogenestimulation.

Although the association between IL-17 and IgA sofasis has not been previously reported to our
knowledge, the link between IL-17 and immunoglobsilhad been previously described in animal
models. IL-17 deficient (IL-17) mice showed impaired immunoglobulin responsellergic (Nakae

et al. 2002) and autoimmune (Nakae et al. 2003adis models. Despite molecular mechanisms
underlying this effect remain to be fully understoin vitro studies suggest that IL-17 may be

indirectly involved in antibodies production by a@micing B cell activators by other cells (Shibuakt



2012) and that IL-17A/IL-17RA axis modulates B aaligration within the germinal centers (Ferretti
et al. 2016). Most of the evidence about the aatioai between Th17 and Igiy vivo derives from
studies of the intestinal immunity, where Th17 £éldve proved to be relevant for IgA isotype switch
and secretion (Cao et al. 2012; Hirota et al. 201/8grestingly, Christenseat al have recently
demonstrated how parentally primed Th17 cells iedaictigen specific IgA in lungs from immunized
mice (Christensen et al. 2017), confirming the llmdtween Th1l7 cells and IgA responses in the
airways too. Regarding the published data, we thgsite that long term exposure $o pyogenes
activated Th17 cells could induce IgA synthesis @edretion in tonsils. However, proving the

molecular mechanism behind remain a limitationhas study.

Tonsils from psoriasis patients are more frequemifgcted by group AStreptococcugGAS) than
those from control subjects, and it often precabdesappearance of psoriatic lesions in skin. Régent
the development of GAS extra- and intracellulaffibie has been reported in tonsillectomy specimen
from psoriasis, supporting the microbial role i thathogenesis of the disease (Allen et al. 2018).
Biofilm formation within the tonsils may be respisie for the recurrent relapses over time, since
antistreptococcal agents are not able to penetiate, and may explain why not all patients present
upraised ASO titers, leading to a lackfpyogenemfection serum markers (Kim et al. 2010). Given
the relevant role of palatine tonsils B. pyogenesnfection in psoriasis and as they are key
components of the mucosal immune system, we belithe study of IgA against this microorganism
in patients would be of great interest. Of notealyzing presence db. pyogenem the tonsils from
our cohort of patients and compare the results thitise of IgA anti-SE in plasma remain a limitation
of our study. Our results postulate anti-SE IgAddldevels as a new parameter of expositiolsto
pyogeneswhich is also present in patients with negativ@QAtiters, whose disease is nowadays

considered to be independentSopyogenemfection.

Previous published data from out group showed CUA¢ell dependent Th1l7 responses afer
pyogenesctivationin vitro in psoriasis patients (De Jesus-Gil et al. 201dzfRomeu et al. 2016).
Surprisingly, we found a direct correlation betwdgA anti-SE and IL-17F -for plague psoriasis- or

IL-17A -for guttate psoriasis- responsasvitro when CLA+ T cells were cocultured with autologous



epidermal cells and activated wih pyogeneextract. Considering that IgA anti-SE was detedted
plasma from patients with no history of strepto@dtroat infection and negative ASO titter, we
thought that these patients could have been exposttds microorganism in an alternative manner.
For that reason, type 1 and type 2 IgA agathspyogenewere analyzed. Of note, although IgA1l is
the most common subtype present in circulationfabethat IgA response was type 1 -and type 2 was
completely absent- may indicate that the origirtha$é humoral immune response took place in the
upper respiratory tract (Pakkanen et al. 2010)irgudisease development, increased levels of CD4+
and CD8+ CLA+ T cells expressing IL-23 receptor fatend in blood and tonsils (Sigurdardottir et al.
2013). Coexistence @&. pyogeneand CLA+ T cells in tonsils lead to the hypothdbiat cutaneous
lesions are mediated by T cells initially origircdte tonsils that then migrate to the skin, whére t
pro-inflammatory environment induces their activatiand therefore secretion of IL-17 cytokines
(Valdimarsson et al. 2009). Our findings suppoid timkage between mucosal tissue -palatine tonsils

, microbe S. pyogenesand skin immune response -CLA+ T cells-.

. Although mean values of IgA anti-SE OD are simitaplague and guttate patients, the number of
patients whose values are over this mean are higlptaque guttate patients. This uneven distrdyuti
may reflect the differences between these two tgbesease. On the one hand, guttate psoriaais is
acute form, closely related ®. pyogenesipper respiratory tract infection and generallgoagated
with better prognosis; however, some patients evadvchronic plaque form of the disease. Few long-
term follow-up studies have attempted to identifjtgte psoriasis patients that are likely to pregre
to chronic forms of the disease according to ciihamd laboratory data, but not clear parameters ha
been established to date (Ko et al. 2010; Martial e1996; Pfingstler et al. 2016). We hypothesize
that presence of elevated anti-SE IgA levels intaget psoriasis patients could help tracking
progression towards plague form of the disease.adewy long-term follow-up studies are required to
confirm this idea. On the other hand, plaque psiiflares can also be exacerbatedsbyyogenes
infection (Cohen Tervaert and Esseveld 1970; Wardtal. 1998) and tonsillectomy has been proved
to be an effective treatment for the cutaneousihssin some patients (Thorleifsdottir et al. 2017).

Anti-Streptolysin O (ASO) antibody titer is an easgd frequently tool used to asses group A



Streptococcugnfection, which begin to increase around one waed peak three to six weeks after
infection (Gerber et al. 2009). Nonetheless, thers®m of plague psoriasis disease can take several
months or even years, leading to negative ASOstitesit may cover the presence and relevan& of
pyogenednfection in those patients. Indeed, previous istudeported that secretory IgA coatg&d
pyogenesincreased in chronic tonsillitis, whereas 1gG edapathogens levels increased in acute
forms and remained equal despite disease durdtija et al. 1999). These findings support our

observation of anti-SE IgA in psoriasis patients.



MATERIAL AND METHODS
Patients

This study was performed with human samples aratdordance with the Declaration of Helsinki. A
total of 62 non-treated psoriasis patients and @4lthy individuals were enrolled. All participants
contributed voluntarily and provided written infoechconsent and human material collection has been
approved by the Comité Etico de Investigacion GH(CEIC) from the Parc Salut Mar (Hospital del
Mar, Barcelona). Psoriatic samples were from p&ievith guttate and plaque lesions, without any
age or sex restriction. Patients that receivedsgstemic treatment for the last 6 weeks were exdud

in order not to obtain underestimated cellular vatibn. Psoriasis patients and healthy subjects
underwent two skin biopsies, which were punchetk&ional skin in psoriatic patients, and a blood
extraction. Additionally, plasma samples from patici arthritis (n=13) and atopic dermatitis (n=17)

were analyzed as examples of other chronic inflaramaliseases.

EL | SA against Streptococcus pyogenes

S. pyogenesxtract (SE) was as previously described by B&i&et al (BAKER et al. 1991). Briefly,
group A beta-haemolytic streptococcus was isoldtecth throat swabs of psoriasis patients and
cultured in liquid Tood-Hewitt medium for 24h at°87 followed by four washes with PBS. Finally,
bacteria were adjusted to 1mg protein/ml, sonicaed maintained in sterile conditions. SE was
diluted in coating buffer (50mM NaHGOn miliQ H,O, pH=9.6) to a final protein concentration of
5ug/ml and incubated for 3 hours at 37°C. The saxtieact was used for all described experiments.
Wells were then washed five times with PBS, blocketh 5% skimmed milk powder in PBS
overnight at 4°C, and then washed again five timePBS-Tween 0,05%. Plasma samples were
diluted 100-fold in PBS-1% skimmed milk, added waied wells and incubated 2 hours at 37°C.
Wells were again washed five times with PBS-T arwdibated with alkaline phosphatase labelled goat
anti-human IgA, IgAl, IgA2 or 1gG (SIGMA-Aldrich, tSLouis, Mo) diluted 1:4000 in PBS-1%
skimmed milk for 90 min at 37°C. Following furthfive washes with PBS-T 0,05%, p-nitrophenyl

phosphate substrate (SIGMA-Aldrich) was incuba®d30 minutes at room temperature and finally



enzymatic reaction was stopped by adding NaOH 3Mtiso. Plates were read within the next 30
minutes at 405 nm and 570 nm for background sigrtihction, according to suppliers’ instructions.
The titer of reactive IgA, IgAl, IgA2 or IgG wasken as the ORs.m, after background signal

(ODs70nm @and negative control well signal, incubated wotily PBS-1% skimmed milk, subtraction.
Positive control wells were coated with human IgA&8type controls (Invitrogen), incubated with

PBS as primary antibody and the corresponding skggrantibody before substrate addition.

Circulating memory T cell and epidermal cell isolation

Peripheral blood mononuclear cells were isolatedriopll gradient (GE Healthcare, Princeton, NJ)
and, after subsequent immunomagnetic separatioitte(y Biotech, Bergisch Gladbach, Germany)
memory CD45RACLA" and CLA T cells were purified as previously described(8anaria Babi et
al. 1995). Punch skin biopsies (4-6 mm) were intedbaovernight in dispase (Corning, Bedford,
Mass) at 4°C, then epidermal sheet was peeledaff the dermis. The epidermis was cut in smaller
pieces and incubated in trypsin solution (Biolobicalustries, Kibbutz Beit Haemek, Israel) for 15
minutes at 37°C. Equal volume of RPMI media (SIGMWrich, St Louis, Mo) containing 10% of
FBS (Gibco, Grand Island, NY) was added to inhibjpsin action. Epidermal tissue was then
mechanically disaggregated by gently up and dovpetpng. Epidermal cell suspension (Epi) was
transferred to fresh media [RPMI, 10% FBS, 1% pé#imiestreptomycin (SIGMA-Aldrich)], and the

remaining tissue leftovers were discarded.

Cultures and pathogen activation

Ex vivococultures consisted of 5XLELA" or CLA T cells plated together with 3x1@utologous
epidermal cells (CLAEpi or CLA/Epi, respectively), in 96-well flat-bottom platéSIGMA-Aldrich,

St Louis, Mo), in the culture media described abd¥ecultures were left untreated or activated with
S. pyogenesxtract (SE) at 1ug/ml final well concentratiorftek 5 days of culture, supernatants were

collected and kept frozen at -20°C for later cytekguantification.

Cytokine guantification




Multiplex fluorescent bead-based immunoassays weeel to measure IL-17A and IRN(Diaclone
SAS, Besancon, France) and IL-17F (BD Biosciencaniiin Lakes, NJ) concentration in collected
culture supernatants. IL-9 concentration was gtiadtby using pre-coated ELISA kits (Biolegend,

San Diego, CA).

Statistical Analysis

Data are generally represented as the mean andcBBfilence interval (Cl). Differences between
two groups were analyzed by the Mann-Whitney tB#terences were considered significant at a P
value of less than 0.05 and represented by synasofsllows: (*): P<0.05; (**): P<;0.01; and (***):

P<0.001.
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FIGURE AND TABLE LEGENDS

Figure 1. Psoriasis patients show increased plasma IgA levels against S. pyogenes extract.

Specific immunoglobulins A and G recognizii®) pyogene®xtract (SE) were detected through
ELISA in plasma collected from blood of psoriasis=62), psoriatic arthritis (n=13) and atopic
dermatitis (n=17) patients and healthy controls2(t)= Optical density (OD) of 1/100 diluted plasma
is reported. Psoriasis patients’ Ig&) and 1gG(c) levels against SE are shown. According to their
subtype of diseaséb, d), guttate and plaque psoriasis show differentidl-@B immunoglobulin
profile. Statistics lines are represented as madn3%% confidence interval. Mann-Whitney test was
used to compare two different groups (*: p<0.05; px0.01; **: p<0.001). PsO: psoriasis; PsA:
psoriatic arthritis; AD: atopic dermatitis; HC: htbg controls; p-PsO: plague psoriasis; g-PsO:agett

psoriasis.

Figure 2. Psoriasis patients anti-SE |gA plasma levels correate with CLA+ dependent-1L-17

response in vitro. IL-17F (a, e), IL-17A (b, f), IFN¢ (¢, g) and IL-9 (d, h) concentration were

measured in culture supernatants after 5 day8. gfyogenestimulation and correlated to levels of
anti-SE 1gA in plague (n=27) and guttate (n=26)r{asis. Statistics lines are represented as linear
regression and Pearson r values are indicatedluBsvare represented as *: p<0.05; **: p<0.01; ***;

p<0.001.

Figure 3. Anti-SE 1gA responsein psoriasis patientsis associated to type 1 10A. Specific IgA1 and

IgA2 recognizingS. pyogenesxtract (SE) were detected through ELISA in plasiobected from
blood of psoriasis patients (n=62). Optical dené@p) of 1/100 diluted plasma is reported. Psasiasi
patients’ IgAl levels against SE proved to be highan IgA2 &). This preferential anti-SE IgA1
over IgA2 response is maintained for plagbpgnd guttated) psoriasis patients. Statistics lines are
represented as mean with 95% confidence intervalnviVhitney test was used to compare two

different groups (*: p<0.05; **: p<0.01; ***: p<O@L).



Table 1. Clinical features of guttate and plague psoriasis patients. Mean values (x+ standard

deviation) or total number (percentages) are shoMiann-Whitney test was used to compare

numerical variables (*: p<0.05; **; p<0.01; ***: 001). ASO: Anti-streptolysin O antibody titer,

PASI: Psoriasis Area Severity Index, NA: not ass@jn

Plaque psoriasis Guttate psoriasis
(n=34) (n=28) P value
ASO 99,36 (x67,74) 442,3 (+260,9) < 0,001
PASI 14,58 (+6,55) 7,10 (£3,14) < 0,001
Length of disease (months) 26,69 (+62,73) 2,71 (£7,12) 0,0084
Age of onset 37,46 (+14,33) 27,19 (£11,98) 0,0316
Positive 11 (32,35%) 22 (78,57%) NA
HLA Cw6 . 0 0
n (%) Negative 14 (41,18%) 2 (7,14%) NA
Unknown 9 (26,47%) 4 (14,19%) NA
_ Yes - 20 (71,43%) NA
Flare associated to
Streptococcal infection No 34 (100%) 3 (10,71%) NA

n (%
%) Unknown i 5 (17,86%) NA




Plaquepso Guttatepsa asi Healthvcantrols
Criokine | Colture s» o)
condi

Pearson r 0,5011 0,0234 0,3154 02742 -0,308  0,0004

CLA/EPI/SE
17 Pvalue 00056 09018 01165 01753 03288 09990
Pearsonr 02908 -0,0759 03663 02449 04681  0,1487
CLA-/EPI/SE
Pvalue 01259 06953 00657 02279 01248 00221
Pearsonr 0,1894 0,189 05859 0359  -0,0667 02251
CLA+/EPI/SE
L17A Pvalue 03251 0367 00017 0071 08209 04392
Pearsonr 01874  -0,087 03732 0208 02114  0,1944
CLA-/EPI/SE
Pvalue 03293 0655 00604 0308 04681  0,5054
Pearsonr 04643 0,005 0,603 0116  -0,0346  -0,1731
CLAY/EPI/SE
N Pvalue 00112 0718 04340 0089 09066 05540
v Pearsonr 04149 0005 01739 0070 04917  0,0757
CLA-/EPI/SE
Pvalue 00252 0703 03956 0,191 00742 07970
Pearsont 02787 0018 05650 04242 -0,0571  -0,0366
CLA+/EPI/SE
Lo Pvalue 01432 09247 00026 00308 08464 09012
Pearsonr 01250 0,1637 04338 03760 01359  0,2818
CLA-/EPI/SE

Pvalue 05182 0,391 00268 00584 06431 03291
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SUPPLEMENTARY MATERIAL

Table S1. Correlation between IL-17F, IL-17A, IFN-y and IL-9 responses in vitro and
plasma immunoglobulins against S. pyogenes from plague and guttate psoriasis patients
and healthy controls. Pearson r and p values are indicated for each culture condition.

Figure S1. Positive and negative controlsin our handmade EL | SA. Plates were coated with
human IgA isotype as positive control, then incubated with PBS-1% milk and finally with
secondary antibodies targeting 1gA, 1gA1 and IgA2. For negative controls, plates were coated
with S, pyogenes extract or only coating-buffer, then incubated with PBS-1% milk and finally
with enzyme-conjugated secondary antibodies.



