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Abstract 

Objective: This study was undertaken to investigate the expression and tissue distribution of Th9 

related cytokines in patients with psoriatic arthritis (PsA).  

Methods: Quantitative gene expression analysis of Th1, Th17, and Th9 cytokines was performed 

in intestinal biopsy samples obtained from patients with PsA, with HLA-27 positive-ankylosing 

spondylitis (AS), Crohn's disease (CD) and healthy controls. IL-23, IL-17, IL-22, IL-9 and IL-9R 

expression and tissue distribution were evaluated by immunohistochemistry and confocal 

microscopy. Flow cytometry was used to study the frequency of Th9 cells among peripheral blood 

(PBMC), lamina propria (LPMC) and synovial (SMC) mononuclear cells. The functional relevance 

of IL-9R expression on epithelial cells was assessed in functional in vitro studies. Th9 cells were 

also studied in synovial samples of PsA patients. 

Results: subclinical gut inflammation of PsA patients was characterized by a clear Th17 and Th22, 

but not Th1, polarized immune responses. Unlike AS and CD, a strong and significant up-

regulation of IL-9 immunologically was observed in PsA gut, especially among infiltrating 

mononuclear cells, high endothelial venules and Paneth cells (PC). IL-9 mononuclear cells were 

demonstrated to be in large part Th9 cells. IL-9 over-expression was accompanied by significant 

PC hyperplasia. PC strongly over-expressed IL-9R and stimulation of epithelial cells, isolated from 

PsA patients, with IL-9 resulted in over-expression of α-defensin5 and IL-23p19. Peripheral and 

synovial expansion of α4β7+ Th9 cells was also observed in patients with PsA. Increased 

expression of IL-9 and IL-9R was also found in synovial tissues. 

Conclusions: A strong IL-9/Th9 polarization seems to be the predominant immunological 

signature of patients with PsA.  
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Introduction 

For a long time the relationship between inflammatory bowel disease (IBD) and psoriasis 

has been investigated by epidemiologic, genetic and immunologic studies and more 

recently, the relative risk of incident Crohn’s disease (CD) and ulcerative colitis (UC) in 

patients with psoriasis and psoriatic arthritis has been documented[1]. 

The role of the different subsets of T effector cells in PsA gut pathology has been not still 

now addressed. The pathogenesis of PsA seems to be multifactorial and immunologically 

driven by a mixed Th1 and IL-23/Th17 response[2-4]. Recently IL-9, a member of the IL-2 

cytokine family, secreted by naïve CD4+ T cells in response to TGF-β and IL-4[5], has 

been also demonstrated to be involved in the pathogenesis of several autoimmune 

diseases including psoriasis[6-9].  

In the present study we aimed to characterize the subclinical gut inflammation of PsA, to 

investigate the expression and tissue distribution of IL-9/Th9 related molecules and to 

evaluate the effect of anti-TNF and Ustekinumab therapy on circulating Th9 cells.  
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Patients and Methods 

Patients 

Multiple intestinal biopsy specimens were obtained after informed consent from 25 patients 

with PsA diagnosed according to the CASPAR criteria (11 patients with predominant axial 

involvement)[10] and 15 patients with HLA-27-positive ankylosing spondylitis (AS) 

diagnosed according to the New York criteria[11], without gastrointestinal symptoms. Ten 

patients with CD and 20 healthy controls (HC) who underwent ileocolonoscopy for routine 

clinical evaluation were also included in the study. Synovial samples were also obtained 

from additional 5 PsA patients with active disease at the time of sample collection and 

from 5 patients with osteoarthritis[12]. Table 1 shows the baseline characteristics of the 

patients and controls. Disease activity for PsA with axial involvement and AS was 

assessed with BASDAI[13]; DAS28 [14] was used to evaluate disease activity in patients 

with PsA and peripheral disease and CDAI [15] for patients with CD. The severity of 

psoriasis was evaluated by the psoriasis area severity index (PASI)[16]. Collection of 

samples was approved by the local ethical committee and the institutional review board of 

the University of Palermo and informed consent was obtained from each patient and 

controls. 

Histomorphological grading and immunohistochemistry 

Biopsy specimens were evaluated by two experienced pathologists (AR and AC) with an 

expertise in inflammatory bowel diseases without access to clinical data. The inter-rater 

agreement calculated by the Cohen’s K coefficient for the two pathologists was 0.85.  Gut 

specimens from patients with PsA and AS were histologically analyzed for the presence of 

inflammation and divided according to the histologic results in four stages as previously 

described [17]: stage 0, normal histopathologic findings; stage 1, Lymphoid hyperplasia 
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with increased inflammatory cell content in the lamina propria without evidence of cryptitis 

or epithelial abnormalities; stage 2, diffuse increase of inflammatory cells in the lamina 

propria with crypt distortion, hyperplasia of crypt cell epithelium, infiltration of neutrophils 

and crypt abscesses; stage 3: ulcerations with or without epithelioid granulomas. 

Lymphoid follicles identification was performed by using CD3/CD19/CD21 immunostaining. 

Synovial samples obtained from additional 5 patients with PsA and, as control, from 5 OA 

patients with end-stage disease undergoing knee joint replacement surgery, were also 

evaluated for the degree of inflammation. Grade of tissue inflammation was assessed by 

evaluating also the number of CD3+, CD19+ and CD68+ cells. Immunohistochemistry was 

performed as previously described [18] and a list of primary and secondary antibodies 

used is provided in table 2. The number of immuno-reactive cells and lymphoid follicles 

was determined by counting the reactive cells/lymphoid follicles on microphotographs 

obtained from three randomly and independently selected high-power microscopic fields 

(original magnification × 400). To specifically address the nature of IL-9-producing cells, 

double staining for Th2 (IL-4/IL-9) and Th17 (IL9/IL-17) and for PC (IL-9/α-defensin5) and 

triple for Th9 cells (CD4/IL-9/PU.1) were performed on paraffin-embedded synovial and 

ileal sections. Sections were treated with FITC-, Rhodamine Red or Cy-5-conjugated anti-

mouse or anti-rabbit antibodies (Invitrogen) plus RNasi (200 ng/ml) and counterstained 

using Toto-3 iodide (642/660; Invitrogen), or DAPI (Life Technologies). Confocal analysis 

was used to acquire fluorescence staining. 

RNA extraction and quantitative TaqMan real-time polymerase chain reaction (RT-PCR) 

for ileal biopsies 

Total RNA was extracted using the Qiagen RNeasy Mini kit, with on-column DNase I 

digestion. A total of 1 µg of RNA was reverse-transcribed to complementary DNA (cDNA) 

using a ThermoScript First-Strand cDNA Synthesis kit (Invitrogen). For quantitative 
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TaqMan real-time PCR, sets of primers and probes were obtained from Applied 

Biosystems (table S2). Samples were run in triplicate using the Step-One Real-Time PCR 

system (Applied Biosystems). Relative changes in gene expression between controls and 

patients were determined using the ∆∆Ct method as previously described. Final values 

were expressed as fold of induction. 

Isolation of peripheral blood and synovial mononuclear cells and flow cytometry 

Peripheral blood mononuclear cells (PBMC) were obtained as previously described [19] 

from 5 of the PsA patients in which ileocolonscopy was also performed and from 9 

additional PsA patients [5 of them before and after TNFi and 4 before and after 

ustekinumab treatment], 10 AS and 10 CD patients and 10 healthy controls; synovial 

mononuclear cells were also obtained from 5 PsA, who underwent to ileocolonscopy, and 

5 OA patients. Cell viability (trypan blue dye exclusion) was always >95%. Four-color flow 

cytometry analysis was performed using a FACSCalibur (BD Biosciences). At least 50.000 

cells (events), gated on lymphocytes or monocytes/macrophages region, were acquired for 

each sample. A list of the antibodies used is listed in Table 2. 

Cell cultures 

Intestinal epithelial cells were isolated from ileal samples of 5 PsA patients and 5 controls 

as previously described [20] and cultured in 24 flat bottom plate (Becton Dickinson 

Labware, Franklin Lakes, NJ, USA) at a density of 1x106 cells in 1 ml of RPMI 1640 

medium with 10% FCS, 2 mM L-glutamine, 20 nM HEPES and 100 U/ml 

penicillin/streptomycin with or without recombinant IL-9 (rIL-9) (0.1 or 10 ng/ml) (R&D 

Systems, MN, USA). Cells were incubated at 37°C in a humidified atmosphere containing 

5% CO2 for 48 hours and then characterized by RT-PCR for IL-17, IL-22, IL-23, RORc and 

STAT3.  
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Statistical analysis 

Student's t-test or the nonparametric Mann-Whitney test was used to calculate the 

statistical significance between groups. Paired samples were analyzed with the Wilcoxon 

signed-rank test. p values less than 0.05 were considered significant. 
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Results 

Subclinical gut inflammation of PsA patients is characterized by histologic inflammation 

and Paneth cells hyperplasia 

All the patients with CD had active disease with a CDAI of 311 (200-430). The endoscopic 

appearance of ileum with colonoscopy demonstrates in 10 PsA patients and 8 of AS 

patients the absence of macrospic alterations. The presence of mucosal erythema and 

erosions was observed in the remaining PsA, AS and CD patients. Stage 0-1 lesions were 

observed in 6 PsA and 4 AS without macroscopic involvement (24% and 26.6%, 

respectively), stage 2 lesions were observed in 12 PsA and 7 AS patients (4 of them in 

both PsA and AS groups without macroscopic involvement; 48% and 46.6%, respectively) 

and stage 3 were observed in 7 PsA and 4 AS patients (28% and 26.6%, respectively). 

Similar to AS, PsA ileum showed an increased number of infiltrating inflammatory CD3+, 

CD19+ and CD68+ cells (Figure 1B-C, H-K; Supplemental table 3), an increased number of 

lymphoid follicles (2.5±0.9 in PsA compared to 1.4±0.6 in HCs, p<0.05) and a significant 

Paneth cells hyperplasia (Figure 1D, arrows, and G; Supplemental Table 3) that correlated 

with the grade of intestinal inflammation (number of PC: 6±0.72 in stage 3, 5.2±0.84 in 

stage 2, and 3.4±0.88 in stage 0-1). PC hyperplasia was also accompanied by an 

increased mRNA expression of PC-derived antimicrobial peptides such as α-defensin-5 

and of the transcription factor SOX9 that is involved in PC differentiation (Figure 1L-M)[21]. 

No differences in the degree of tissue inflammation and/or number of infiltrating cells were 

observed between patients who were taking NSAIDs compared to those assuming anti-

inflammatory drugs (data not shown). Collectively, these data confirm that the ileum of PsA 

patients, similar to AS, is characterized by sub-clinical histologic inflammation.  

Th1 and Th17 polarization in PsA gut 
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We next investigated the expression of cytokines involved in the Th1 and IL-23/Th17 axis. 

Differently from CD and similarly to AS, Th1 cytokines were not significantly over-

expressed in PsA (Figure 2A-C). Regarding Th17 cells, a clear IL-17 and IL-22 (Figure 2D-

E) mRNA over-expression was demonstrated in PsA patients. By IHC we confirm RT-PCR 

data demonstrating a strong up-regulation of IL-17 (Figure 2F-H, J) and IL-22 (Figure 2 K-

M, O; Supplemental table 3) in PsA patients at levels similar to those observed in CD 

patients (not shown).  

IL-9 over-expression and Th9 polarization in PsA gut 

We next aimed to investigate in more detail the dominant cytokine pathways steering 

subclinical gut inflammation in PsA. Based on recent reports indicating a key role of IL-9 in 

the pathogenesis of psoriasis[6, 22], we studied the expression of IL-9 and Th9 in the gut 

of PsA patients. We first assessed ileal biopsies by RT-PCR for IL-9 and Th9-related 

transcription factors mRNA expression. Levels of IL-9, PU.1 and IRF4 mRNA were 

significantly up-regulated in the gut of PsA patients, especially in those with stage 2-3 

lesions, but not in the gut of CD, AS patients and controls (Figure 3A-C). In order to 

confirm IL-9 mRNA expression, paraffin sections of ileal specimens from patients and 

controls were stained with anti-IL-9 antibody. IL-9 immuno-reactivity was observed among 

infiltrating mononuclear cells (Figure 3D-F), high endothelial venules (Figure 3F) and 

epithelial cells located at the bottom of intestinal crypts highly resembling Paneth cells 

(Figure 3D-E). IL-9 immunostaining was also observed in ileal biopsies of AS (Figure 3G), 

CD (Figure 3H), and HC (Figure 3I), albeit at a much lesser degree. Quantification of the 

immunostaining confirmed increased IL-9 staining in PsA versus HC (p<0.0001), with a 

similar trend in CD (p<0.05), but not in AS (Fig 3K) (Supplemental Table 3). The number of 

IL-9-expressing cells correlated with the degree of intestinal inflammation (Supplemental 

Figure 1A). Furthermore, we characterized by confocal microscopy the main intestinal 
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cellular source of IL-9 among infiltrating mononuclear cells and epithelial cells in PsA 

patients. CD4+ cells were the major source of IL-9 in the gut of PsA patients. These cells 

were demonstrated to be in large part IL-9+PU.1+ cell (Th9 cells) (Figure 4A-D), being only 

rarely present double IL-17/IL9 expressing cells (Th17) (Figure 4E-G) and virtually absent 

IL-4/IL-9 (Th2) positive cells (Figure 4H-J). PC were also demonstrated to over-express IL-

9 in PsA patients by co-localization of IL-9 and α-defensin5 (Figure 4K-M). Because the 

functional role of IL-9 depends on the expression of IL-9R, we next studied the expression 

and tissue distribution of IL-9R. As shown in figure 5, a significantly increased expression 

of IL-9R was observed, at both m-RNA (Figure 5A) and protein level (Figure 4D-H, J; 

Supplemental Table 3), in the gut of PsA patients compared to healthy (Figure 5B, J; 

Supplemental Table 3), AS (Figure 5C, J; Supplemental Table 3) and CD (Figure 5D, J; 

Supplemental Table 3) subjects. Three main patterns of expression were observed: the 

first, present on the surface of infiltrating inflammatory mononuclear cells (Figure 5E-F), 

the second among intraepithelial lymphocytes (Figure 5G) and the third observed in the 

context of epithelial cells located at the bottom of intestinal crypts, resembling Paneth cells 

(Figure 5H). To assess the potential functional consequences of increased IL-9 expression 

in the gut of PsA patients, we stimulated in vitro isolated epithelial cells from PsA gut with 

IL-9. We observed an increased mRNA expression of α-defensin5, SOX9 and IL-23p19 

only in PsA isolated epithelial cells after IL-9 stimulation (Supplemental Figure 1B-D).  

IL-9-secreting peripheral blood lymphocytes are expanded in PsA patients, express the gut 

homing markers α4β7 and are correlated with the disease activity 

We next evaluated the potential of peripheral blood lymphocytes of PsA patients to 

produce IL-9. As shown in Supplemental figure 2A, IL-9 producing CD4+ cells were 

significantly expanded, and express PU.1 and α4β7, in the peripheral blood of PsA 

patients compared to AS and CD patients and controls (Supplemental Figure 2B and 2C). 
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They were significantly correlated with disease activity as assessed by BASDAI and 

DAS28 (Supplemental Figure 2D). Although differences in the frequency of Th9 cells have 

been reported to be gender-dependent in patients with systemic lupus erythematosus[23], 

no difference was observed between male and female patients (0.85% in female vs 0.81% 

in male patients, p=0.8, data not shown) We also found that a significant high proportion of 

peripheral Th9 cells in PsA expressed α4β7 integrin (Supplemental Figure 2C, 28% in PsA 

vs 4% in controls, p<0.05) suggesting a gut origin for circulating IL-9-expressing cells in 

PsA.  

IL-9 and IL-9R expression and Th9 cells in PsA synovial samples  

Since synovial tissue is one of the main targets of inflammation in PsA, we evaluated by 

IHC the expression of IL-9 and IL-9R in the synovial fluid and synovial specimens of PsA 

patients and controls. A strong expression of IL-9 and IL-9R was found in PsA patients 

(Figure 6A-B) and rarely observed in the samples of OA patients (Figure 6C). Expression 

of IL-9 was observed in the leukocytic infiltrates and in the lining layers (Figure 6A-B). In 

OA patients IL-9 was mainly expressed in synovial layer and among synovial vessels 

(Figure 6C-D) The semiquantitative analysis of IHC revealed a significantly higher 

expression of IL-9 in PsA than in OA (Figure 6E; Supplemental Table 3). Expression of IL-

9 by T cells was finally confirmed by confocal microscopy analysis demonstrating that Th9 

cells are a source of IL-9 in PsA synovium (Figure 6F). IL-9R was also over-expressed in 

the leukocytic infiltrates and in the lining layers of PsA synovium (Figure 6G-H, J; 

Supplemental Table 3) and rarely observed in the samples of OA patients (Figure 6I-J; 

Supplemental Table 3). Flow cytometric analysis demonstrated that Th9 cells were 

significantly expanded in PsA (Figure 6M,O) compared to OA (Figure 6N,O) synovial fluids 

and significantly over-expressed α4β7 (Figure 6L-M, O).  
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Effects of TNF-inhibitors and ustekinumab on circulating Th9 cells 

TNF-blocking agents and, more recently, IL-23 inhibition have been demonstrated to 

reduce the inflammation in PsA patients. Nine out of the 25 PsA patients enrolled in the 

study were treated with Golimumab (n=5) and with Ustekinumab (n=4) and re-assessed 

for the frequency of circulating Th9 cells. Two patients in the anti-TNF group and 1 patient 

in the Ustekinumab group did not show at baseline ileocolonscopic macroscopic 

alterations. As shown in Supplemental Figure 3, either anti-TNF (Supplemental Figure 3A, 

C) and anti-IL12/IL23 therapies (Supplemental Figure 3B, C) resulted in a significant 

reduction of circulating Th9 cells.  
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Discussion 

In this study, we confirmed the occurrence of subclinical gut inflammation in PsA patients  

and provide the first evidence of a specific histologic and immunologic signature 

characterized by a pronounced PC hyperplasia with a fully developed Th17 and Th9 

responses. The latter was specific for PsA compared to AS and CD. We also 

demonstrated that IL-9 over-expression and Th9 polarization occur in inflamed synovial 

tissues and in the peripheral blood of PsA patients, leading us to hypothesize a link 

between intestinal and synovial inflammation. Finally, clinical amelioration after treatment 

with TNF-i and Ustekinumab was associated with a significant reduction in circulating Th9 

cells. 

The presence of gut inflammation has been previously demonstrated in the ileal and 

colonic mucosa of patients with PsA without bowel symptoms, especially in those with 

axial involvement even when mucosa appeared macroscopically normal. [17, 24, 25]. 

However, since that in AS significant immune alterations were mainly found, in previous 

studies, at ileal level [26] we focused our attention only on ileal tract. In our study, both the 

patients with axial and peripheral involvement displayed subclinical ileal inflammation with 

a higher frequency of that described in previous studies and with similar distribution 

between axial and peripheral disease. Eight PsA patients and 3 AS partients in our study 

were taking NSAIDs at the time of ileocolonscopy. NSAIDs ileitis has been described in a 

significant proportion of long-term NSAIDs users. Histologically, however, is not easy to 

distinguish between NSAIDs ileitis and Crohn’s disease or AS-associated gut 

inflammation. It has been reported that a type of stricture known as “diaphragm disease” is 

pathognomonic for NSAID-induced damage [27]. We obviously can’t exclude that the PsA 

and AS patients who were taking NSAIDs should have a NSAID-related ileitis although no 

stricture were observed in all the patients enrolled. PsA patients enrolled in our study had 

Page 14 of 34

John Wiley & Sons

Arthritis & Rheumatology

This article is protected by copyright. All rights reserved.



high PASI score and a relative short duration of disease (∼ 40 months in our study 

compared to 40 years in the Belgian study). The proportion of PsA patients with axial 

involvement displaying ileal subclinical inflammation was comparable with AS. Differently 

from AS, however, PsA gut inflammation was characterized by higher numbers of 

infiltrating inflammatory cells, frequently organized in lymphoid follicles, at levels similar to 

those observed in CD.  

An increased numbers of PC was also observed in PsA patients. PC are highly specialized 

epithelial cells of the small intestine that reside at the base of small intestinal crypts 

involved in the synthesis and secretion of antimicrobial peptides required for the 

maintenance of crypt sterility and the regulation of balance with colonizing microbiota and 

entheric pathogens [28]. PC origin from the stem cell zone located in the lower portion of 

the crypt of Lieberkuhn and their differentiation/hyperplasia seem to be dependent by pro-

inflammatory cytokines such as CSF-1[29], IL-9 and IL-13[30] highlighting the role of 

inflammation in modulating the PC differentiation. On the other hand, PC have been also 

demonstrated to participate in the regulation of several pathways of innate and adaptive 

immunity including that of IL-23/IL-17 axis[26, 31]. The presence of a significant intestinal 

dysbiosis, different from AS dysbiosis [32], has been recently demonstrated in PsA 

patients[33]. In this context, the increased number of Paneth cells and the increased levels 

of anti-microbial peptides such as α-defensin 5, we demonstrated in the present study, 

may suggest the activation of innate defensive responses in PsA gut in response to 

intestinal dysbiosis. 

The immunological characterization of the inflamed gut of PsA patients we performed, 

demonstrated a singular complexity of immune responses. Similarly to AS[26], we could 

not demonstrate a significant up-regulation of Th1-related cytokines. On the other hand, 
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differently from AS and similarly to CD a fully developed Th17 response seems to be 

present in the gut of PsA characterized by the strong up-regulation of both IL-17 and IL-22.  

Beyond the IL-23/Th17 axis, however, a new subset of effector T cells has been 

suggested to play a role in the pathogenesis of human inflammatory diseases and in 

particular of psoriasis, the so-called Th9 cells[34]. Th9 cells have been demonstrated to be 

involved in the pathogenesis of psoriasis but their developmental origin remains elusive[6, 

22]. In this study we demonstrate for the first time that IL-9 is strongly over-expressed in 

the gut of PsA patients, being essentially produced by infiltrating inflammatory cells. 

Among inflammatory cells, Th9 lymphocytes were the major source of IL-9 in PsA, 

highlighting the role of adaptive branch of immunity in the production of IL-9. Of note, IL-9 

was also produced by PC and these cells expressing also the specific IL-9 receptor. These 

data, together with the evidence that stimulation of epithelial cells with IL-9 up-regulates 

the expression of anti-microbial peptides and of cytokines, such as IL-23, may also 

suggest the possibility of a functional autocrine loop involving IL-9/IL-9R. In PsA patients 

both peripheral arthritis and spine inflammation occur. In this regard, PsA synovial 

samples were evaluated for IL-9 and IL-9R expression demonstrating a significant over-

expression of both IL-9 and IL-9R. In PsA synovial tissues synovial fibroblasts and 

synovial vessels were demonstrated to be the main source of IL-9 together with Th9 cells. 

A constitutive production of IL-9 was also observed in OA synovial samples, where 

endothelial cells and synovial fibroblasts were demonstrated to produce IL-9. 

Th9 cells were also expanded in the peripheral blood and synovial fluids of PsA patients 

and were correlated with the disease activity. The relative low percentage of circulating 

Th9 cells (although significantly increased compared to controls) was similar to that 

described in other autoimmune diseases[35] indicating that probably these cells 

specifically re-circulate in the sites of inflammation. Notably, both circulating and synovial 
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Th9 cells expressed in large part the intestinal homing receptor α4β7 suggesting a 

predominant intestinal origin for these cells. Although a few number of PsA patients were 

studied before and after biologic treatments, in both the anti-TNF and ustekinumab-treated 

patients we, together with a clinical improvement, observed a significant reduction of 

circulating Th9 cells.  

In conclusion, specific histologic and immunologic features seem to characterize the 

subclinical gut inflammation in PsA patients. We also demonstrated that Th1 is 

predominant in CD but not in SpA (AS and PsA), that TH17/22 is increased in all 3 

diseases, and mainly that Th9 is the only that is specific for PsA. In this perspective IL-9 

and Th9 cells may play a role in driving local and systemic inflammation in these patients 

and might be considered as a potential future therapeutic target.  
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Figure legends 

Figure 1.  High level of tissue inflammation and Paneth cell hyperplasia characterize 

subclinical gut inflammation in PsA. A-D: representative images of H&E stained ileal 

sections of PsA. Arrows in D indicate Paneth cells. E-F: representative images of a-

defensin 5 staining in healthy controls (E) and PsA (F). G: semiquantitative evaluation of 

PC in PsA. H-J: inflammatory infiltrating cells, CD3 (H), CD19 (I) and CD68 (J) positive 

cells in PsA gut. K: semiquantitative evaluation of CD3, CD19, CD68 in PSA. L-M: 

Relative m-RNA levels of a-defensin 5 (L) and SOX9 (M) were assessed by quantitative 

RT-PCR in ileal samples obtained from 25 PsA, 15 AS, 10 CD patients and 20 control 

subjects. Data are expressed as mean fold of induction (SEM). A,C, E-F, H-J: original 

magnification x 250. D: original magnification x 400. 

Figure 2.  Th1 and Th17 cytokines in the gut of PsA patients. A-F: Relative m-RNA 

levels of IFN-g (A), IL-12 (B), IL-6 (C), IL-22 (D), IL-17 (E) were assessed by quantitative 

RT-PCR in ileal samples obtained from PsA, AS, CD patients and control subjects (HCs). 

F-I: Representative microphotographs showing IL-17 immunostainings in PsA (F), AS (G) 

patients and normal controls (H). J: IL-17 semiquantitative score in the ileum of patients 

and controls. K-M: Representative microphotographs showing IL-22 immunostainings in 

PsA (K), AS (L) patients and HCs (M). O: IL-22 semiquantitative score in the ileum of 

patients and controls. Data are expressed as mean (SEM). *p<0.05 compared to control 

subjects. I, N: representative images showing isotype control staining for IL-17 (I) and IL-

22 (N) in the gut of PsA patients. F-G, J-K: original magnification x 400. H, L: original 

magnification x 100; I-N: original magnification x250. 

Figure 3.  IL-9 in the gut of PsA patients. A-C: Relative m-RNA quantification of IL-9 

(A), PU.1 (B) and IRF4 (C) was assessed by quantitative RT-PCR in ileal samples 

obtained from 25 PsA, 15 AS, 10 CD patients and 20 control subjects. D-I: Representative 
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microphotographs showing IL-9 immunostainings in PsA (D-F), AS (G)  and CD (H) 

patients and normal controls (I). J: representative image showing isotype control staining 

in PsA patients. K: IL-9 semiquantitative score in the ileum of patients and controls. Data 

are expressed as individual data points (mean). *p<0.05 compared to control subjects. D-

J: original magnification x 250. 

Figure 4. Th9 cells but not Th17/Th9 cells produce IL-9 in PsA gut. A-D: Th9 cells in 

PsA gut. A: single staining for IL-9. B: single staining for CD4; C: single staining for PU.1. 

D: merged triple staining for IL-9/CD4/PU.1. E-G:Th17 in PsA gut. E: single staining for IL-

17. F: single staining for IL-9. G: merged double staining for IL-17 and IL-9. H-J: Th2 cells 

in PsA gut. H: single staining for IL-4. I: single staining for IL-9. J: merged double staining 

for IL-4 and IL-9. K-M: Paneth cells in PsA gut. K: single staining for IL-9; L: single staining 

for α-sefensin5. M: merge double staining for IL-9 and α-defensin 5. A-D, K-M: original 

magnification x630;  E-J: original magnification x 250. 

Figure 5.  IL-9R in the gut of PsA. A: Relative m-RNA levels quantification of IL-9R (A) 

were assessed by quantitative RT-PCR in ileal samples obtained from 25 PsA, 15 AS, 10 

CD patients and 20 control subjects. B-H: Representative microphotographs showing IL-9 

immunostainings in healthy subject (B), AS  (C), CD (D) and PsA patients (E-H). I: 

representative picture showing isotype control staining in PsA gut. J: IL-9 semiquantitative 

score in the ileum of patients and controls. Data are expressed as individual data points 

(mean). *p<0.05 compared to control subjects. D-F: original magnification x 250; G: 

original magnification x 400; H: original magnification x 630. I: original magnification x100 

Figure 6. Th9 and IL-9/IL-9R in PsA synovial compart. A-C: representative images 

showing IL-9 immunostaining in synovial tissues obtained from patients with PsA (A-B) 

and osteoarthritis (OA) (C-D). E: numbers of IL-9+ cells in synovial tissues. F: merged 

double staining of IL-9 and PU.1 in synovial tissues of PsA patients demonstrating the 
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presence of Th9 cells. G-I: representative images showing IL-9R immunostaining in PsA 

synovial tissues (G-H) and OA (I). J: numbers of IL-9R+ cells in PsA and OA synovial 

tissues. K-L: representative immunostainings with isotype antibodies in synovial tissues 

from PsA patients. M: representative dot plots showing Th9 cells in synovial fluid obtained 

from 5 PsA patients. A large percentage of Th9 cells also express α4β7. N: representative 

dot plots showing Th9 cells in synovial fluid obtained from 5 OA patients. O: percentages 

of Th9 cells  and (P) of α4β7+ Th9 cells in the synovial fluid obtained from PsA and OA 

patients. A-D, G-I, K-L: original magnification x250. E, J. O-P: data are expressed as 

mean (SEM). 

Supplemental Figure 1.  Numbers of IL-9+ cells are correlated with the degree of 

intestinal inflammation  and IL-9 modulates the expression of PC associated 

proteins. A: numbers of IL-9+ cells were correlated with the severity of intestinal 

inflammation. B-D: Epithelial cells isolated from the ileal biopsies of 5 patients with PsA 

were treated with recombinant  IL-9 and the modulation of the expression of  Paneth cells 

related genes was assessed by RT-PCR. After stimulation with  IL-9 a significan increased 

expression of α-defensin 5 (B), IL-23p19 (C) and SOX9 (D) was observed. Data are 

expressed as mean (SEM). 

Supplemental Figure 2. Th9 cells among peripheral blood mononuclear cells in PsA 

patients. A: representative dot plots showing gating strategy for Th9 cells and Th9 cells in 

the peripheral blood of PsA patients. CD4+ IL-9+ cells were almost exclusively 

represented by PU.1+ cells also expressing α4β7. B: percentages of Th9 cells among 

PBMC in PsA, AS, CD patients and controls. C: percentages of α4β7+Th9 cell in PsA, AS, 

CD patients and controls. D: correlation between the percentage of circulating Th9 cells 

and BASDAI and DAS28. *p<0.05 
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Supplemental figure 3. Effects of Golimumab and Ustekinumab on peripheral Th9 

cells in PsA patients. A-B. representative dot plots showing the percentages of Th9 cells 

in Golimumab (N=5) (A) and Ustekinumab ((N=4) (B) treated PsA patients. C-D. Th9 cells 

before and after Golimumab (C) and Ustekinumab (D) treatment. Data are shown as 

individual data points. 
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