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Background: The phenotypic heterogeneity of psoriasis is suspected to reflect differences in
its pathogenesis, but not yet completely elucidated. Studies of the Thl and Th17 cytokines
associated with different phenotypes of psoriasis have yielded inconsistent results.
Objective: To investigate the tissue expression levels of Thl and Th17 cytokines among pa-
tients with chronic plaque psoriasis, acute guttate psoriasis, and healthy control.

Methods: A total of 20 patients with psoriasis (10 with chronic plaque type and 10 with
acute guttate type) and 5 healthy controls were enrolled. The tissue mRNA and protein
levels of following cytokines were measured: interleukin (IL)-12, IL-2, interferon (IFN)-y,
IL-23,1L-17A, and IL-22.

Results: The tissue mRNA levels of IL-12, IFN-v, IL-23, IL-17A, IL-22 and the protein lev-
els of IL-12, IL-2, IFN-y, IL-17A, IL-22 were significantly increased in the psoriasis patients
compared with the healthy controls. In comparisons of the subtypes, the tissue mRNA
level of IFN-y was increased in acute guttate psoriasis, whereas the protein levels of IL-12
and IL-17A were significantly increased in chronic plaque psoriasis. The cytokine ratios of
IL-17A/IL-2 and IL-22/IL-2 were significantly higher in chronic plaque psoriasis than in
acute guttate psoriasis.

Conclusion: We confirmed that the tissue levels of Thl and Th17 cytokines were increased
in psoriasis patients compared with healthy controls. The increased IFN-y mRNA level
in acute guttate psoriasis and increased IL-12 and IL-17A protein levels in chronic plaque
psoriasis suggest that an imbalance between Thl and Th17 cytokines may play a role in
the phenotypic transition of psoriasis.
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INTRODUCTION

Psoriasis is a chronic immune-mediated inflammatory skin
disease caused by interactions among multiple genetic, immu-
nological, and environmental factors'. Classically, plaque pso-
riasis and guttate psoriasis are considered distinct phenotypic
subtypes of psoriasis. However, phenotypic transition toward
either subtype is often reported in psoriasis patients. Chronic
plaque psoriasis often leads to inflammatory eruptive lesions,
and acute guttate psoriasis may develop into the plaque type
in 30%~70% of cases™”.

Psoriatic skin lesions exhibit increased infiltration of epi-
dermal T cells secreting various inflammatory cytokines®. It
has been suggested that activation of the Thl- vs. Th17-related
pathway determines the plaque versus guttate phenotypes, re-
spectively”’. However, conflicting results have been reported
regarding the serum cytokine profiles of the two subtypes™*’,
and a recent study proposed that directional changes between
the Th1 and Th17 pathways lead to phenotypic transition®. In
the present study, we investigated the tissue levels of Thl (in-
terleukin [IL]-12, IL-2, interferon [IFN]-y) and Th17 (IL-23, IL-

17A, IL-22) cytokines according to the psoriasis phenotypes.
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MATERIALS AND METHODS

Study population

A prospective study was conducted from January 2019 to
June 2019. Patients newly diagnosed with psoriasis and
healthy volunteers were enrolled. The diagnosis of psoriasis
was confirmed based on clinical manifestations and his-
topathological criteria by two dermatologists. The histo-
pathological criteria consisted of abnormal differentiation,
including acanthosis, parakeratosis, loss of the granular
layer, and neutrophil accumulation in the epidermis. Based
on the clinical phenotype and disease activity, the psoriasis
patients were classified into two groups: chronic plaque pso-
riasis and acute guttate psoriasis. The chronic plaque psoria-
sis group consisted of patients with at least one lesion >5 cm
in diameter that had been stable for at least 6 months. The
acute guttate psoriasis group consisted of those with erup-
tive papules <1 cm in diameter that began spreading within
1 month. Patients with any serious infections, an immu-
nocompromised state, or diseases such as specific kidney,
liver, cardiovascular, respiratory, rheumatic, or endocrine
disease during the past 10 years were excluded. At the first
visit, the psoriatic phenotype was classified, and the severity
of psoriasis was assessed based on the body surface area and
psoriasis area and severity index. Demographic informa-
tion was also recorded. Approval for the study was obtained
from the institutional review board of Bucheon St. Mary’s
Hospital, Bucheon, Korea (approval no. HCI9TESI0034).

Real-time reverse-transcription PCR

Skin biopsy samples (4 mm) were collected from psoria-
sis patients and healthy controls. The acquired samples
were immediately frozen at -70C until use. Purifying
RNA was collected using the RNeasy Plus Mini Kit (Qia-
gen, Valencia, CA, USA). Genomic DNA was eliminated
by treatment with DNase 1 (Qiagen), and 100 ng purified
RNA was reverse transcribed into first-strand cDNA us-
ing the CellScript cDNA Synthesis Master Mix (CellSafe,
Suwon, Korea), which includes a genomic DNA elimination
step. Real-time PCR amplification and relative expres-
sion quantification of IL-12, IL-2, IFN-y, IL-23, IL-17A, IL-
22, and GAPDH as a control were performed by TagMan
gene expression assays (Applied Biosystems, Foster City,
CA, USA; Assay ID: CHT1, Hs01011518_m1, Hs00174114_

m1l, Hs00174143_ml, Hs00372324_m1l, Hs00174383_m],
Hs01574154_m1, Hs99999905_m1) on the Lightcycler 480
PCR system (Roche, Mannheim, Germany). All assays had
a similar amplification efficiency, and relative expression
was quantified using the AACt method. Each reaction was
performed in triplicate in a volume of 20 pl using TagMan
probe Master Mix (Roche) with 20 ng cDNA. The results
were analyzed using Lightcycler 480 instrument software
1.2 (Roche).

Immunohistochemical staining

Tissues were fixed in formalin, embedded in paraffin,
and cut into 3-um-thick sections. Immunohistochemical
staining (IHC) was performed using an automated immu-
nohistochemical stainer (Ventana, Tucson, AZ, USA) ac-
cording to the manufacturer’s protocol. The sections were
deparaffinized, pretreated with Cell Conditioning 1 solu-
tion (Ventana), and subjected to ultraviolet irradiation to
abolish endogenous hydroperoxidase activity. The primary
antibodies were diluted in Dako antibody diluent (Dako
Cytomation, Glostrup, Denmark) with background-reduc-
ing components and were used at the following dilutions:
IL-12 (rabbit, 1:100; Abcam, Franklin Lakes, NJ, USA), IL-2
(rabbit, 1:250; Abcam), IFN-vy (rabbit, 1:1,000; Abcam), IL-
23 (rabbit, 1:200; Abcam), IL-17A (mouse, 1:100; Abcam),
and IL-22 (rabbit, 1:300; Abcam). The sections were incu-
bated with primary antibodies at room temperature for
32 minutes and then hybridized with an HRP-conjugated
secondary antibody (Ventana) for 8 minutes. The reaction

Table 1. Demographic characteristics of the study patients

Characteristic Chronic.plfa\que Acute gut'tate
psoriasis psoriasis
Total no. of patients 10 10
Age (yp) 44 (25~59)  41.5 (31~56)
Sex
Male 3 8
Female 7 2
Disease duration (mo) 114 (6~600) 1(0.5~1)
Psoriasis area and 12.2 (8.5~22.9) 10 (7.2~17.3)
severity index
Body surface area (%) 10 (8.5~63) 10 (8~33)

Values are presented as number only or median (range).
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was developed by incubating with diaminobenzidine (DAB;
Dako Cytomation) for 5 minutes, and the slides were coun-
terstained with hematoxylin IT (Ventana) for 4 minutes and
with bluing reagent (Ventana) for 4 minutes. The sections
were observed under a light microscope (BX50; Olympus,
Tokyo, Japan).

Statistical analysis

Differences between groups were examined using the non-
parametric Kruskal-Wallis rank sum test followed by the
Mann-Whitney U test. In all analyses, p<0.05 was taken to
indicate statistical significance. All statistical analyses were
performed using R software (ver. 3.6.1; R Foundation for Sta-

tistical Computing, Vienna, Austria).

RESULTS

Study population

A total of 25 adults (16 male and 9 female, median age 44
years), consisting of 20 psoriasis patients (10 with chronic
plaque psoriasis, 10 with acute guttate psoriasis) and 5 healthy
controls, were enrolled in this study. The median ages of the
chronic plaque psoriasis and acute guttate psoriasis patients
were 44 years (range, 25~59 years) and 41.5 years (range,
31~56 years), respectively. The median disease durations
in the chronic plaque psoriasis and acute guttate psoriasis
groups were 114 months (range, 6~600 months) and 1 month
(range, 0.5~1 month), respectively. The median psoriasis area
and severity index was 12.2 in the chronic plaque psoriasis
group and 10.0 in the acute guttate psoriasis group (Table 1).

Assessment of tissue levels of cytokines in psoriasis
patients and healthy controls

The tissue mRNA levels of IL-12, IFN-y, IL-23, IL-17A, and
IL-22 were significantly higher in the psoriasis patients than
healthy controls (Table 2). The tissue protein levels of IL-12,
IL-2, IFN-v, IL-17A, and IL-22 were significantly higher in the
psoriasis patients than healthy controls (Table 3).

Assessment of tissue levels of cytokines in relation to
psoriasis phenotype

The tissue mRNA level of IFN-y was significantly higher
in the acute guttate psoriasis than chronic plaque psoriasis
groups. The tissue protein levels of IL-12 and IL-17A were
significantly higher in the chronic plaque psoriasis than acute

guttate psoriasis groups (Fig. 1).

Ratio of Th1/Th17 cytokines according to the psoriasis
phenotype

As there were no distinct differences in tissue cytokine levels
between the two psoriasis subtypes, we evaluated cytokine
imbalance by comparing the relative ratios of cytokines
rather than the absolute levels of each cytokine. All cytokine
combinations were compared, and the results indicated that
the tissue mRNA IL-17A/IL-2 ratio and IL-22/IL-2 ratio were
significantly higher in the chronic plaque psoriasis than acute

guttate psoriasis group.

Table 2. Comparison of tissue mMRNA levels of cytokines among chronic plaque psoriasis patients, acute guttate psoriasis patients, and

healthy controls

Cytokine (median

Comparisons between groups (p-value)

Chronic plaque

Chronic plaque

Acute guttate

Target/Ref) Chronic plaqgue  Acute guttate Healthy control
IL-12 0.135 0.136 0.011
1L-2 0.075 0.103 0.179
IFN-y 0.148 0.328 0.029
1L-23 0.264 0.289 0.091
IL-17A 0.368 0.495 0.000
IL-22 0.133 0.154 0.000

vs. control vs. Control vs. acute guttate
0.008* 0.008* 0.912
0.165 0.141 0.326
0.003* 0.003* 0.015*
0.019* 0.013* 0.853
0.003* 0.003* 0.630
0.002* 0.002* 0.405

Kruskal-Wallis rank sum test was performed to compare tissue mRNA levels of cytokines between healthy controls and patients with
chronic plaque or acute guttate psoriasis. IL: interleukin, IFN: interferon. *p<0.05.
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Table 3. Comparison of tissue protein levels of cytokines among chronic plaque psoriasis patients, acute guttate psoriasis patients, and
healthy controls

Comparison between groups (p-value)

(nfzzj(i):rl]n‘(’;o) Chronic plaque  Acute guttate  Healthy control  Chronic plaque Acute guttate Chronic plaque
vs. control vs. control vs. acute guttate
IL-12 82.47 69.06 52.45 0.001* 0.005* 0.043*
IL-2 74.68 81.37 55.64 0.019* 0.001* 0.315
IFN-y 69.65 70.77 60.25 0.055 0.129 0.971
11-23 37.55 31.14 34.15 0.594 0.768 0.247
IL-17A 31.44 19.46 8.76 0.013* 0.055 0.043*
1L-22 80.56 72.24 50.20 0.001* 0.055 0.165

Kruskal-Wallis rank sum test was performed to compare tissue mRNA levels of cytokines between healthy controls and patients with
chronic plaque or acute guttate psoriasis. IL: interleukin, IFN: interferon. *p<0.05.
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Fig. 1. Comparisons of tissue cytokine levels among chronic plaque psoriasis patients, acute guttate psoriasis patients, and healthy controls.
IL: interleukin, IFN: interferon, RT-PCR: real-time reverse-transcription polymerase chain reaction. *p<0.05, **p<0.01.

DISCUSSION

Major advances in the treatment of psoriasis have been made
over the past 20 years, along with the development of biologics
targeting inflammatory cytokines. Despite the high treatment
response of plaque psoriasis, there are insufficient data on the

response of guttate psoriasis. Moreover, phenotypic transition

of psoriasis from the plaque to guttate type and vice versa has
been reported often'®. However, the differences in cytokine
profiles between the phenotypes have not clarified.

Previous studies have yielded conflicting results regarding
the serum levels of cytokines according to the clinical pheno-
type of psoriasis. Liu et al." reported that the serum IL-23 level

was higher in severe plaque psoriasis than guttate psoriasis.
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Hwang et al.’ revealed no significant difference in antimicro-
bial peptide and serum inflammatory cytokine levels between
guttate and plaque psoriasis. Christophers” suggested that a
bidirectional change from IL-12/IFN-y to IL-23/IL-17 signal-
ing could lead to the phenotypic switch in psoriasis patients.
Therefore, we examined the tissue expression level of cyto-
kines according to clinical phenotype and disease activity.

The results of the present study indicated that the tissue
mRNA levels of inflammatory cytokines, including Th1 (IL-
12, IL-2, IFN-y) and Th17 (IL-23, IL-17A, IL-22) cytokines,
were significantly increased in psoriasis patients compared
with healthy controls, which supported our previous findings
obtained using blood samples’. We confirmed that upregulat-
ed Thl and Th17 cytokines play a pathogenic role in psoriatic
skin.

Comparison of cytokine gene expression between psoriasis
phenotypes revealed a significantly higher level of IFN-y in
acute guttate psoriasis than chronic plaque psoriasis. With
regard to protein expression, chronic plaque psoriasis was
characterized by higher levels of IL-12 and IL-17A compared
with acute guttate psoriasis. The differences in gene and pro-
tein expression suggest the possibility of posttranscriptional
modifications'.

A previous study have suggested that chronic plaque and
acute guttate psoriasis were involved with the Thl and Th17
pathways, respectively’, but our data suggest no clear distinc-
tion of Thl and Th17 cytokines between two phenotypes.
IFN-y might play a role in the acute eruptive phase as several
studies'’ showed that IFN-y induced dendritic cells play a
critical role in the initiation and maintenance of psoriasis'.
Kurtovic and Halilovic” also showed that the level of IFN-y
was correlated with the severity of psoriasis. Yan et al."® re-
ported that the proportion of regulatory T cells, which play
a role in IFN-y inhibition, was increased in plaque psoriasis
while significantly decreased in guttate psoriasis. Meanwhile,
IL-12 was overexpressed in psoriatic plaques, which is known
to be involved in balancing Th1/Th17 immune response’”. We
suspect IL-12 might contribute to form and maintain psoriasis
independent of IFN-y"*. Taken together, more complex factors
may be involved in the pathogenesis of both subtypes of psori-
asis, rather than being clearly classified into distinct pathways.

We hypothesized that skewed cytokine production or im-
balance could be involved in the phenotypic heterogeneity

of psoriasis. Comparison of Th1/Th17 cytokine ratios also
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showed that chronic plaque psoriasis was skewed to Th17 phe-
notype and acute guttate psoriasis toward the Thl phenotype,
which was contrary to previous reports. These results indicat-
ed that the phenotype and disease activity may vary according
to whether Th1 or Th17 is more dominant. In addition, many
clinical trials have been conducted on plaque psoriasis exclu-
sively, and IL-17 blocking agents are effective toward plaque
psoriasis but not guttate psoriasis. These therapeutic observa-
tions support our findings. Therefore, the Th1/Th17 ratio may
represent a useful marker predicting the transition to other
subtypes of psoriasis.

Our study was limited by the small sample size and hetero-
geneity of the sample with regard to disease duration, recur-
rence state, and severity. In addition, confounding variables,
such as previous infection history or previous treatments in-
cluding phototherapy or biologics, were not considered. How-
ever, we investigated the ratio of key pathogenic cytokines in
the tissue according to phenotype, and suggest that a shift in
the Th1/Th17 pathway could induce a phenotypic transition
of psoriasis.

In conclusion, our findings confirmed that the tissue lev-
els of Thl and Th17 inflammatory cytokines were higher in
psoriasis patients than healthy controls. In terms of cytokine
expression in tissue, the mRNA level of IFN-y was higher in
acute guttate psoriasis, whereas the protein levels of IL-12 and
IL-17A were higher in chronic plaque psoriasis. Further stud-
ies are needed to elucidate underlying pathogenesis of differ-

ent phenotypes of psoriasis.
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