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Abstract

Background: Evidence from adult psoriasis studies implicates an imbalance between regulatory 

and effector T cells, particularly TH-17–producing T cells, in the pathogenesis of psoriasis. Little 

is known about the immunopathology of psoriasis in children.

Objective: We sought to functionally characterize the inflammatory cell profiles of psoriatic 

plaques from pediatric patients and compare them with healthy, age-matched controls and adult 

psoriasis patients.

Methods: Skin samples from pediatric psoriasis patients and healthy controls were analyzed 

by multiparameter flow cytometry to determine the dominant immune cell subsets present and 

cytokines produced.

Results: Lesional tissue from pediatric psoriasis patients had significantly increased interleukin 

(IL) 22 derived from CD4+ and CD8+ cells compared with the tissues from healthy pediatric 

controls and adult psoriasis patients. Tissue from pediatric psoriasis patients had significantly 

less elevation of IL-17 derived from CD4+ and CD8+ cells compared with the tissue from adult 

psoriasis patients. In contrast with the lesions from adult patients, lesional skin in pediatric 

patients with psoriasis did not have increases in regulatory T cells.
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Limitations: This is a pilot study, thus the sample size is small.

Conclusion: Significant differences in IL-17 and IL-22 expression were observed in the 

pediatric psoriasis patients compared with pediatric healthy controls and adult psoriasis patients. 

IL-22 might be relevant in the pathogenesis of pediatric psoriasis and represents a potential 

treatment target unique to pediatric psoriasis.

CAPSULE SUMMARY

• Little is known about the pathophysiology of pediatric psoriasis.

• Increased expression of interleukin (IL) 22 relative to IL-17 was observed in pediatric 

compared with adult psoriasis patients.

• Elevated expression of IL-22, more so than IL-17, in pediatric compared to adult 

psoriatic plaques suggests an additional potential treatment target unique to pediatric 

psoriasis.
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Psoriasis is a T-cell–mediated, chronic inflammatory skin condition that affects children and 

adults. Evidence from studies with adult psoriasis patients implicates an imbalance between 

regulatory and effector T cells, particularly TH-17–producing T cells, in the pathogenesis 

of psoriasis.1–3 Pediatric psoriasis often differs from adult psoriasis in presentation, 

triggers, natural history, and response to therapy, suggesting potential differences in the 

pathophysiology of the disease processes.4 To date, studies examining the immunology 

of psoriasis have largely focused on adult patients. In psoriasis patients, innate and 

adaptive immune responses are thought to stimulate T-cell activation and induce helper 

T-cell differentiation to produce proinflammatory cytokines, including interferon (IFN) γ, 

interleukin (IL) 17, IL-22, IL-23, and tumor necrosis factor (TNF) α.5 Serum cytokine 

levels have been determined to be significantly higher in adult patients with active 

psoriasis compared with controls.6 Multiple groups have looked at serum cytokine levels 

in association with clinical disease severity and found that increased levels of cytokines 

IFN-γ, IL-6, IL-12, IL-17, IL-18, IL-20, IL-22, and IL-23 positively correlated with severity 

of psoriasis.6,7 Analysis of the cell and cytokine composition in active psoriasis plaques of 

adult patients has confirmed a change in the composition of skin inflammatory cells, further 

suggesting that inflammatory cytokines are responsible for driving the disease process. 

Nograles et al proposed a working model in which normal dermal CD4+ cells that produce 

IL-17 and IL-22 become pathogenic during inflammation and stimulate the production of 

chemokines that attract neutrophils to the psoriatic lesions.8 Using a multiparameter flow 

cytometric approach, we have found that psoriatic lesional skin had increased numbers of 

regulatory T cells (T regs) and that these cells produced more IL-17 when compared with 

T regs found in nonlesional skin.2 These findings potentially explain why adult psoriasis 

responds to targeted biologic therapies against TNF-α and IL-17, among others.

Although there are robust clinical and molecular data to guide treatment innovations for 

adult psoriasis, psoriasis in children remains understudied. To date in the United States, 
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only 1 systemic therapy is licensed for use by the Food and Drug Administration to treat 

psoriasis in children. The TNF-α inhibitor etanercept was approved in November 2016 

for moderate-to-severe plaque psoriasis in children ≥4 years of age.9 This approval was 

based largely on data from 2 clinical trials.10,11 Little is known about the immunologic 

differences between childhood and adult psoriasis that might correlate with the observed 

clinical differences between the 2 populations. Although the immune composition of the 

peripheral blood of pediatric psoriasis patients has been recently reported,3 the cutaneous 

inflammatory cell infiltrates and cytokine profiles of lesional psoriatic skin from children 

has not been defined. Identifying the specific inflammatory cell and cytokine milieu in 

children is the next step towards understanding the potential molecular underpinnings of the 

observed clinical differences and might identify optimal treatment targets. To this end, using 

multiparameter flow cytometry, we functionally characterized the cell profiles of psoriatic 

plaques of pediatric patients and compared them with the inflammatory profiles of healthy, 

age-matched controls and adult psoriasis patients.

METHODS

Participants

Psoriatic skin samples were obtained from a consecutive sample of consenting children who 

presented to the University of California, San Francisco (UCSF), Pediatric Dermatology 

Clinic for routine clinical care. Study patients were recruited at the time of clinical visits 

and from a contact list of patients with psoriasis who indicated willingness to participate 

in clinical studies. All patients provided written, informed consent, and for minors, dual 

parental consent and patient assent was obtained before enrollment in the study. Detailed 

clinical characteristics were recorded by study personnel and included patient demographics, 

family history, age of onset, comorbidities, morphologic subtype, distribution, and psoriasis 

body surface area (BSA) of involvement. Disease activity was scored by using clinician 

judgment and disease severity by using a psoriasis severity grading scale as follows: mild 

<10% BSA, moderate 10%–20% BSA, severe >20% BSA, very severe >50% BSA. Patients 

4–20 years of age with active psoriasis were eligible to be included in the study. Exclusion 

criteria included use of any systemic or phototherapy within 4 weeks or topical treatment 

within 2 weeks of enrollment.

Normal skin was obtained from pediatric patients undergoing plastic surgical reconstructive 

or excisional procedures at UCSF from which benign normal tissue margins were available 

and would have otherwise been discarded. Adult psoriasis skin from patients 20–76 years 

of age was obtained from the UCSF General Dermatology clinics. Normal, healthy adult 

skin was obtained from patients undergoing elective surgery at UCSF and has been 

detailed elsewhere.2 Site, age, and sex data were available for all normal control tissues 

in accordance with institutional policies. This study was approved by the UCSF Committee 

on Human Research (IRB 10–02830, reference 169060).

Skin biopsy and flow cytometry

A 4-mm punch biopsy was obtained from a clinically active psoriasis plaque; control 

samples were obtained from 4-mm punch biopsies of discarded normal skin from an 
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operating room. The tissue sample was stored at 4°C in a container with sterile gauze 

and phosphate buffered saline until it was ready to be processed. Following the UCSF 

Dermatology Cutaneous Immunology Core Facility’s protocol to isolate and functionally 

characterize the leukocyte population of the skin, the tissue was trimmed to remove 

subcutaneous fat and hair and the skin was finely minced and mixed with digestion 

buffer consisting of 0.8 mg/mL collagenase type 4 (4188; Worthington Biochemical 

Corporation, Lakewood, NJ), 0.02 mg/mL DNAse (DN25–1G; Sigma-Aldrich, St. Louis, 

MO), 10% fetal bovine serum, 1% HEPES, and 1% penicillin/streptavidin in RPMI 

medium.2 After overnight incubation in 5% CO2, samples were harvested with wash 

buffer, double filtered, centrifuged, and counted.2 Cells were then stimulated with Cell 

Stimulation Cocktail 500X (Tonbo Biosciences, San Diego, CA) and incubated for 4 hours. 

For flow cytometry analysis, viability stain Ghost Dye Violet 510 (Tonbo Biosciences) 

and the following antibodies were used: anti-hCD3 PerCP (Biolegend, San Diego, CA), 

anti-hIL-13 FITC (eBioscience, Waltham, MA), anti-hTNF-α PE-Cy7 (BD Pharmingen, 

San Jose, CA), anti-hCD4 PE-Texas Red (Invitrogen, Carlsbad, CA), anti-hIL-22 PE (R&D 

Systems, Minneapolis, MN), anti-hCD45 APC-eFluor 780 (eBioscience), anti-hIFN-γ Alexa 

Fluor 700 (Biolegend), anti-hIL-17A eFluor 660 (eBioscience), anti-hFoxp3 eFluor 450 

(eBioscience), and anti-hCD8a eVolve 605 (eBioscience). The LSRFortessa flow cytometer 

(BD Biosciences, San Jose, CA) was used for data acquisition and results were analyzed 

using FlowJo software (Tree Star Inc, Ashland, OR).

Statistical analyses

Means and frequencies of cells and cytokines obtained using the FlowJo software were 

reported using descriptive statistics. The inflammatory cell and cytokine profiles of pediatric 

psoriasis patients were compared with that of pediatric healthy controls and adult psoriasis 

patients separately by using independent 2-sample t tests.

RESULTS

The pediatric psoriasis cohort consisted originally of 12 patients. Two samples were 

discarded for technical issues related to sample processing, resulting in a final cohort of 10 

pediatric psoriasis patients who provided a total of 11 tissue samples. Patient demographics 

and clinical features of the pediatric psoriasis cohort are summarized in Table I. Eight of 10 

patients in this group were boys and their mean age was 12.1 years. Most had mild psoriasis 

at the time of biopsy, but moderate-to-severe disease was reported by all but 3 pediatric 

patients at some point during the course of their disease. Two had ongoing moderate and 

1 had very severe disease at the time of enrollment. Age at formal diagnosis ranged from 

1 to 17 years. Of those who reported a family history, 7/7 had a positive first-degree or 

second-degree family member with psoriasis. All patients had plaque psoriasis at the time 

of enrollment, and 4/10 initially had guttate psoriasis. All patients had involvement of the 

head and neck area and most had involvement of the trunk, extremities, and anogenital area. 

Previously used therapies included topical steroids (in 100%), calcipotriene (in a few), and 

systemic therapy including acitretin and phototherapy (4 patients).
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We comprehensively quantified T-cell subsets and intracellular cytokine production in 

lesional skin of adult and pediatric psoriasis patients compared with normal healthy 

control skin (Table II). Our flow cytometric gating strategy and representative intracellular 

cytokine staining is shown in Fig 1. Consistent with our previous findings,2 when compared 

with healthy skin from adults, lesional skin of adults with psoriasis has an increased 

CD4:CD8 ratio and increased IL-17–producing CD4+ T cells (Fig 2, A and B). In 

contrast, pediatric patients with psoriasis did not have an increased CD4:CD8 ratio when 

compared with healthy pediatric skin (Fig 2, A). In addition, there was a minimal increase 

in the IL-17–producing CD4+ T cells in the skin from pediatric patients with psoriasis 

compared with the skin from controls and a significant reduction compared with the 

skin from adults with psoriasis (Fig 2, B). CD8+ T cells in both adult and pediatric 

psoriatic skin produce more IL-17 compared with their respective healthy control skin; 

however, this increase was smaller in pediatric psoriasis patients (Fig 2, C). Moreover, 

CD8+ T cells in pediatric psoriatic skin produce significantly less IL-17 compared with 

these cells in adult psoriatic skin (Fig 2, C). In contrast with adult skin and healthy 

pediatric skin, CD4+ T cells in pediatric psoriatic skin express high levels of IL-22 (Fig 

2, D). An increase in IL-22 expression in pediatric psoriatic skin was also observed 

with CD8+ T cells (Fig 2, E). Consistent with our previous findings,2 T regs (defined as 

CD45+CD3+CD4+Foxp3hiCD27hi) were increased in adult psoriatic skin compared with 

adult control skin (Fig 2, F). This increase was not observed in pediatric psoriatic skin; 

however, it should be noted that T reg percentages are increased in healthy pediatric skin 

compared with healthy adult skin, suggesting a difference in baseline percentages of this 

T-cell subset between adults and children (Fig 2, F). IL-13–expressing CD4+ T cells were 

reduced in both adult and pediatric psoriatic skin compared with healthy control skin; 

however, this reduction was attenuated in pediatric psoriatic skin (Fig 2, G).

DISCUSSION

Pediatric psoriasis differs substantially from adult psoriasis in terms of clinical features, 

genetic risk variants, triggering factors, and disease course.12 The pathophysiology and 

tissue localized immunopathology of psoriasis in children is understudied compared with 

adults. We have found that lesional skin of patients with pediatric psoriasis is fundamentally 

different than that of adult psoriasis with respect to skin-infiltrating immune cell subsets 

and the cytokines they produce. Most strikingly, pediatric psoriasis is associated with higher 

levels of IL-22–producing T cells and relatively less IL-17–producing T cells compared 

with adult psoriasis. Recently, Zhang et al found that increased circulating TH17 and T 

reg cell frequencies correlated with disease severity in pediatric patients with psoriasis.3 

This work supports the importance of IL-17 as a therapeutic target and suggests that 

pediatric psoriasis might also respond well to anti–IL-17 biologic therapies. We observed 

significant differences in the levels of IL-22 between study populations, suggesting a 

potentially important difference in disease immunopathology between children and adults. 

We identified elevated IL-22 production in pediatric psoriasis plaques compared to healthy 

pediatric skin as well as adult psoriasis plaques. IL-22 is a strong stimulant of keratinocyte 

proliferation and has been shown to induce psoriasis-like epidermal changes in animal 

models.13,14 Nograles et al suggested that IL-22 and IL-17 serve as distinct drivers in 
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psoriasis development, with IL-17 being proinflammatory and IL-22 retarding keratinocyte 

differentiation.8 Nikamo et al recently reported that a genetic IL-22 variant which promotes 

epithelial barrier defense is preferentially enriched in and may precipitate the onset of 

psoriasis at an early age.15 Together with our results showing an enrichment of IL-22–

producing T cells in pediatric psoriasis lesions, this suggests that, in part, pediatric psoriasis 

might stem from an IL-22–related defective differentiation of epidermal cells. Importantly, 

our data suggest that pediatric psoriasis tissue retains an IL-17 signature. However, it is less 

pronounced when compared with adults, whereas the IL-22 signature is more pronounced 

in pediatric versus adult psoriasis tissue. These findings support a potential role for anti–

IL-17 therapy and, in addition, suggest that anti–IL-22 therapy might also be efficacious for 

pediatric psoriasis.

The main limitation of this pilot study is the small sample size. Results need to be confirmed 

with larger subsets of patients. The small sample size did not allow for comparisons of 

immunophenotype between pediatric patients of different ages and with different clinical 

and morphologic features. It would be worthwhile to compare patients who had severe 

disease at any point in their clinical history with those who have consistently mild disease 

and to assess differences between those with one consistent clinical phenotype versus those 

who progressed from initial guttate to plaque morphology. Patients with pediatric onset 

psoriasis compared with those with adult onset psoriasis have a higher frequency of a 

positive family history of psoriasis.16–18 It remains unknown whether pediatric patients with 

a positive family history have a different cytokine profile than pediatric and adult patients 

without a positive family history.

In summary, significant differences in IL-17 and IL-22 expression were observed in the 

pediatric psoriasis patients compared with healthy pediatric controls and adult psoriasis 

patients. Clarifying immunophenotypic differences might further our understanding of the 

observed clinical differences between children and adults with psoriasis. Targeted therapy 

against IL-17 exists and warrants trials in psoriatic children. IL-22 might be relevant in 

the pathogenesis of pediatric psoriasis and biologics are being developed to target this 

cytokine. Because this represents a potential treatment target unique to pediatric psoriasis, 

further investigation is necessary. Future studies should assess in situ localization of IL-17 

and IL-22–producing T cells in adult versus pediatric skin to discern whether these cells 

might be occupying distinct anatomic niches and thus may contribute to tissue pathology 

in different ways. Quantification of serum IL-17 versus IL-22 concentrations in adult and 

pediatric psoriasis patients will elucidate the relative difference in these cytokines between 

these patient populations and validate what we have observed at the tissue level.
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Abbreviations used:

BSA body surface area

IFN-γ interferon γ

IL interleukin

TNF-α: tumor necrosis factor α

T regs regulatory T cells
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Fig 1. 
Flow cytometric gating strategy and representative data. Four millimeter skin punch biopsies 

were obtained from healthy adults, healthy children, adults with psoriasis, and children 

with psoriasis. Single cell suspensions were prepared and stained for multi-parameter flow 

cytometry. A, Representative gating strategy for CD4+ T cells, CD8+ T cells, and Tregs. B, 

Representative flow cytometry staining for intracellular cytokine production from a biopsy 

taken from lesional skin of a pediatric patient with psoriasis. Cells are pregated as shown 

in A. Numbers represent percentage of cells that fall within each gate or quadrant. FSC, 

Forward scatter; IFN-γ, interferon γ; IL, interleukin; SSC, side scatter; TNF-α, tumor 

necrosis factor α.
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Fig 2. 
Flow cytometric quantification of T-cell subsets found in pediatric and adult psoriatic skin. 

Four-millimeter, punch biopsy skin specimens from adult and pediatric psoriatic skin, as 

well as adult and pediatric healthy skin (from unaffected donors) were enzymatically 

digested and subjected to multiparameter flow cytometry. A, The CD4:CD8 ratio of 

skin T cells; cells were pre-gated on live CD45+CD3+ cells. B, Percentage of IL-17–

producing CD4+ T cells in skin as detected by intracellular cytokine staining; cells 

were pre-gated on live CD45+CD3+CD8−CD4+ cells. C, Percentage of IL-17–producing 

CD8+ T cells in skin as detected by intracellular cytokine staining; cells were pre-

gated on live CD45+CD3+CD4−CD8+ cells. D, Percentage of IL-22–producing CD4+ 

T cells in skin as detected by intracellular cytokine staining; cells were pre-gated 

on live CD45+CD3+CD8−CD4+ cells. E, Percentage of IL-22–producing CD8+ T cells 

in skin as detected by intracellular cytokine staining; cells were pre-gated on live 

CD45+CD3+CD4−CD8+ cells. F, Percentage of T regs; cells were pre-gated on live 

CD45+CD3+CD8−CD4+Foxp3+CD27+ cells. G, Percentage of IL-13–producing CD4+ T 

cells in skin as detected by intracellular cytokine staining; cells were pre-gated on live 

CD45+CD3+CD8−CD4+ cells. Each symbol represents an individual skin biopsy specimen. 

*P < .05, †P < .005, ‡P < .0005, §P < .00005 by unpaired Student t test. IL, Interleukin; peds, 

pediatric; PSO, psoriatic; ns, nonsignificant; T regs, regulatory T cells. Bars represent mean 

values. Whiskers are standard error of the mean.
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