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Introduction

Summary

Progranulin (PGRN) is a multi-functional protein known to be involved
in inflammation. Recent studies have found that PGRN has dual roles in
inflammation and exerts anti-inflammatory and pro-inflammatory func-
tion in different diseases. However, the role of PGRN in psoriasis has not
been fully elucidated. Here, we detected preferential expression of PGRN
in human psoriatic lesions and serum. Moreover, serum PGRN/tumour
necrosis factor-a ratio was negatively correlated with disease severity. To
investigate the role of PGRN in the pathogenesis of psoriasis, we used
wild-type (WT) and PGRN /" mice in a model of 12-O-tetradecanoyl-
phorbol 13-acetate (TPA) -induced psoriasis-like inflammation. We dem-
onstrated that PGRN expression was dramatically enhanced in the
psoriasis-like lesions of TPA-treated WT mice, in accordance with human
psoriatic lesions. Surprisingly, PGRN '~ mice were more sensitive to the
development of TPA-induced psoriasis-like inflammation. The mechanism
underlying this increased sensitivity of PGRN '~ mice to TPA-induced
psoriasis-like inflammation was impaired differentiation of regulatory T
cells in lymph nodes and decreased recruitment of these cells in the
affected skin, which results in more severe inflammation. Hence, in WT
mice, PGRN promotes differentiation and recruitment of regulatory T
cells at the site of inflammation, which protects the skin from an exagger-
ated psoriasis-like inflammatory response.
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with multiple physiological and pathological functions.”
PGRN plays a critical role in early embryogenesis,” wound

Psoriasis is a common chronic inflammatory skin disease
characterized by marked thickening of the epidermis, tor-
tuous and dilated dermal blood vessels, and characteristic
inflammatory cell infiltrates. Although the pathogenesis of
psoriasis has not been fully elucidated, tumour necrosis
factor-o (TNF-a) and interleukin-6 (IL-6) are over-
expressed in psoriasis and are believed to have central
roles in its processes. In particular, biological agents tar-
geting TNF-« signalling are highly effective in the treat-
ment of patients with psoriasis."

Progranulin (PGRN) — also known as granulin epithelin
precursor, PC-cell-derived growth factor, pro-epithelin and
acrogranin — is a 593-amino-acid autocrine growth factor

healing,4 tumorigenesis,‘r”6 maintenance of neuronal sur-
vival,” host defence and inflammation.® Recently, PGRN
was discovered as a novel ligand of TNF receptors (TNFR).
PGRN blocks TNF-a-mediated signalling pathways by
competing with TNF-o binding to TNFR1/2 and exhibits
anti-inflammatory function in inflammatory arthritis mod-
els.” Furthermore, the administration of recombinant
human PGRN or a recombinant PGRN derivative named
Atsttrin consisting of three modified granulin motifs and
their accompanying linker regions, had strong anti-inflam-
matory effects comparable with, or even stronger than, the
administration of Etanercept.” PGRN and its derivative
Atsttrin may represent a promising therapeutic agent in the

Abbreviations: GAPDH, glyceraldehyde 3-phosphate dehydrogenase; IL-6, interleukin-6; PASI, Psoriasis Area and Severity Index;
PE, phycoerythrin; PGRN, progranulin; Thl, T helper type 1; TNF-a, tumour necrosis factor-o; TNFR, tumour necrosis factor
receptors; TPA, 12-O-tetradecanoylphorbol 13-acetate; Treg, regulatory T cells; WT, wild-type
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treatment of rheumatoid arthritis and contact dermati-
tis.'”"" Some studies speculate potential applications of
PGRN and Atsttrin in other autoimmune diseases, such as
psoriasis and inflammatory bowel disease, on the grounds
that TNF inhibitors have been used for treating such dis-
eases."”'? PGRN has been increasingly the focus of research
on autoimmune diseases because of it anti-inflammatory
effect. In contrast to its anti-inflammatory role, PGRN also
has pro-inflammatory effects in obesity and insulin-resis-
tant diabetes through the production of IL-6."> Hence, the
exact function of PGRN may vary depending on the patho-
physiological context of the disease. At present, little infor-
mation is available about the effect of PGRN protein in
psoriasis vulgaris. In this study, we examined the serum
PGRN levels and tissue PGRN expression in patients with
psoriasis vulgaris, evaluated the relationship between serum
PGRN level and serum TNF-o and IL-6 levels, and investi-
gated the biological significance of PGRN in the pathogene-
sis of psoriasis vulgaris.

Materials and methods

Patients and sample collection

A total of 34 patients with psoriasis vulgaris together with
20 age- and sex-matched controls, were included in the
study (demographic characteristics of subjects are provided
in Table 1). The subjects were enrolled in the Department
of Dermatology, the First Affiliated Hospital of Chongqing
Medical University, China. Ethical approval was obtained
from the hospital ethics committee before the beginning of
the study and all participants signed an informed consent
form. The diagnosis of psoriasis vulgaris was made on the
basis of typical clinical manifestation and histopathology.
The patients had not received any treatment for at least
3 months before the first collection of peripheral blood
and tissue samples. All patients were given systemic
treatment including methotrexate, cyclosporin, acitretin
and phototherapy, either alone or in combination, and
topical treatment including corticosteroid and vitamin D3
derivates. The severity of disease in patients was evaluated
using the Psoriasis Area and Severity Index (PASI) before
and after treatment. Decreased PASI score for skin
lesions = [(pre-treatment PASI score — post-treatment
PASI score)/pre-treatment PASI score]. Effective treatment
(defined as > 75% decreased index of PASI score) was
achieved in 18 patients at the end of 8-10 weeks. Periph-
eral blood samples were obtained again from these 18
patients after effective treatment.

The tissue samples were excised under local anaesthesia.
Each sample was divided into two parts: one was fixed in
4% paraformaldehyde and embedded in paraffin wax, the
other was snap-frozen and stored at —80° and used in
quantitative RT-PCR. The blood samples were centrifuged
and the serum was stored at —80° and used for ELISA.
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Mice

All animal studies were performed in accordance with
institutional guidelines and approval by the Institutional
Animal Care and Use Committee of Chongqing Medical
University. The C57BL/6 background PGRN-deficient
(PGRN /") mice were purchased from Jackson Laborato-
ries (Bar Harbor, ME), and generation and genotyping of
PGRN '~ mice was based on the Jackson Laboratoy’s
protocol for these experiments. Ten- to twelve-week-old
male wild-type (WT) and PGRN '~ mice were used for
these experiments.

TPA-induced psoriasis-like inflammation model and
sample collection

The ears of mice were treated with 0-01% 12-O-tetradeca-
noyl-phorbol 13-acetate (TPA; Sigma-Aldrich, St Louis,
MO), as described previously.'"* Ears of each mouse were
divided into two parts: one was fixed in 4% paraformal-
dehyde and embedded in paraffin wax, the other was
snap-frozen and stored at -80°c and used in quantitative
RT-PCR.

Histology

At least four consecutive 5-pm-thick paraffin-embedded
ear sections were obtained, and stained using haematoxy-
lin & eosin for routine morphological analysis.

Immunohistochemical staining and assessment

Immunohistochemical staining was performed as previ-
ously described.® Briefly, immunostaining was performed
using rabbit anti-PGRN polyclonal antibody (1 : 100;
Proteintech Group, Inc., Chicago, IL) followed by incuba-
tion with horseradish peroxidase-labelled polymer anti-
rabbit secondary antibody (Boster Biological Technology,
Ltd., Wuhan, China).

To evaluate the expression of PGRN, three independent
observers without knowledge of any clinicopathological
data examined the immunostaining. The numbers of
PGRN-positive cells in the cell cytoplasm were counted in
10 representative microscope fields, and the percentages
of positive cells were calculated. The criteria used for
assessment were previously reported'” as follows: < 5% of
cell staining, negative; > 5% of cell staining, positive;
positive staining was graded from weak/focal to moder-
ate/focal or diffuse to strong diffuse.

Quantitative real-time reverse transcription PCR

Total RNA was extracted from skin or ear tissue using
TRIzol reagent (Invitrogen, Carlsbad, CA). The cDNA
was obtained from total RNA using a PrimeScripttm RT

© 2015 John Wiley & Sons Ltd, Immunology, 145, 279-287



Table 1. Demographic and clinical characteristics of the study groups

PGRN plays protective role in psoriasis vulgaris

Psoriasis patients

Post-treatment Control groups

Variable Pre-treatment
n (male/female) 34 (19/15)
Age (years) 43.7 £ 11

Disease duration (years) 17-1 + 124
PASI score 19:-1 £+ 56

PGRN level (ng/ml) 60-81 + 9-47°
TNF-o level (pg/ml) 16:01 + 3-91%
Interleukin-6 level (pg/ml) 5.86 + 3-10°
PGRN/TNEF-o ratio 3.93 +£ 0:76

18 (11/8) 20 (10/10)
41-8 £ 114 40-7 £ 10-5
157 £ 12 NA

2.8 £ 15 NA
43-03 + 5-01 41-45 £+ 8:50
ND 4-14 £+ 1-58
ND 419 + 2:24
ND NA

Abbreviations: NA, not applicable; ND, not determined; PASI, Psoriasis Area and Severity Index; PGRN, progranulin; TNF-¢, tumour necrosis

factor-o.

Data are presented as n or means + SD.
P < 0-01 compared with normal controls.
P < 0-05 compared with normal controls.

reagent Kit (Perfect Real Time; Takara Bio Inc., Shiga,
Japan) according to the manufacturer’s protocol. Real-
time PCR was run using the SYBR® Premix Ex Tagtwm II
(Tli RNaseH Plus) kit (TaKaRa Bio Inc., Shiga, Japan).
Sequence-specific PCR primers in the present study were
synthesized as follows: 5'-GTTCCCTGCACAAAAGACCA
A-3" and 5'-GGGTCTTAGCATCAGGGCAC-3' for mouse
PGRN; 5-AATGTGTCCGTCGTGGATCTGA-3' and 5'-A
GTGTAGCCCAAGATGCCCTTC-3' for mouse glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH); 5-TAGCC

(a)

Normal

AATGGGAGCGGGTA-3' and 5'-GTAGCGCTCAGACTAC
AGACC-3 for human PGRN; 5-CTATAAATTGAGCCC
GCAGCC-3'and 5'-GCGCCCAATACGACCAAATC-3' for
human GAPDH. All samples were analysed in parallel for
GAPDH gene expression as an internal control.

ELISA

Serum levels of PGRN, IL-6 and TNF-o were measured
using a commercial ELISA kit (PGRN: R&D Systems, Inc.,

Psoriatic

(b)

I

10
8 =
Figure 1. Progranulin (PGRN) expression was <
increased in lesional skin of psoriasis vulgaris. % &5 6-
(a) Immunohistochemistry for PGRN showed GE, §
negative staining in normal skin. (b) PGRN % S 4
was over-expressed in psoriatic lesions. Origi- E’ e
nal magnification x 200. (c) Relative mRNA 2
levels of PGRN were higher in psoriatic lesions
than those in normal skin, measured by quan- 0

titative RT-PCR. ***P < 0-005.
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CA) according to the manufacturer’s instructions. .
) 8 The data were expressed as mean =+ standard deviation

(SD). SPSS software (version 13-0; SPSS Inc., Chicago,
Cell isolation and flow cytometry IL) was used for statistical analysis. The differences
between groups were analysed using Mann—Whitney
U-test or Student’s t-test. The relations between PGRN
levels and other continuous variables were analysed by
using Spearman rank correlation. The PGRN levels before

Single-cell suspension of mouse ear skin and cervical
lymph node were prepared as previously reported.'* For
regulatory T (Treg) cells, 1 x 10° cells were stained with
CD4-FITC, CD25-allophycocyanin and Foxp3-phycoery-
thrin (PE) (eBioscience, San Diego, CA) antibodies
according to eBioscience protocols. For T helper type 1
(Th1), Th2 and Thl7, cells were activated with TPA
(100 ng/ml) and ionomycin (1 pg/ml) (both from Lian-
kebio, Hangzhou, China) in the presence of brefeldin A
(5 pg/ml; Biolegend, San Diego, CA) for 5 hr at 37° in
5% CO,. Then, 1 x 10° cells were stained with CD4-
FITC antibody. CD4-stained cells were then stained for

and after treatment were compared using a paired t-test.
Statistical significance was set at a level of P < 0-05.

Results

PGRN expression was increased in skin lesions of
psoriasis vulgaris

cytokines interferon-y-PE, IL-4-PE and IL-17-PE with We applied immunohistochemical staining to examine
antibodies from Biolegend (San Diego, CA), according to PGRN expression in skin specimens derived from psoriat-
Biolegend protocols. Cells were analysed by flow cytome- ic patients (n = 34) and in control samples derived from
try (FACSCalibur; BD Biosciences, San Jose, CA). All normal individuals (n = 20). Of the 20 healthy skin speci-
plots were gated on CD4". mens, 19 (95%) were negative for PGRN (Fig. 1a), the

Figure 3. Progranulin (PGRN) expression was increased in psoriasis-like mouse skin lesions and PGRN™'~ mice have enhanced response in the
skin following multiple 12-O-tetradecanoylphorbol 13-acetate (TPA) application. (a) Untreated wild-type (WT) mice showed normal appearance.
TPA application to ears on days 0, 2, 4, 6 and 8 induced mild psoriasis-like inflammation in WT mice (b) and severe psoriasis-like inflammation
in PGRN™'~ mice with increased redness, swelling and extensive scaling (c) (n = 5 for each group). (d1, d2) Ear histology of untreated WT mice
revealed one- to two-cell thick epidermis and few-cell thick sub-epidermal layer. Ear histology of TPA-treated ears in WT mice (el, e2) revealed
acanthosis (Ac), formation of rete pegs (Rp), parakeratosis (Pk), formation of epidermal microabscesses (M), and thickening of the sub-epider-
mal layer with dense inflammatory cellular infiltrates, that were all highly prominent in PGRN ™'~ mice (f1, f2). Original magnification: (d1-f1)
x 100; (d2-f2) x 400; (n = 5 for each group). Immunohistochemical staining showed that PGRN expression was dramatically enhanced in the
ear of TPA-treated WT mice (h) compared with untreated WT mice (g). (Original magnification x 400; n = 5 for each group). (i) Relative
mRNA levels of PGRN were higher in the ear of TPA-treated WT mice than those of untreated WT mice, measured by quantitative RT-PCR
(n =5 for each group). ***P < 0-005.
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PGRN plays protective role in psoriasis vulgaris

remaining specimens exhibited light positive staining in alteration of PGRN expression, we performed quantitative
the cytoplasm of some keratinocytes in the basal layer of RT-PCR to evaluate the mRNA levels of PGRN. As
the epidermis. In the psoriatic lesions a marked over- shown in Fig. 1(c), mRNA expression levels of PGRN in
expression of PGRN in epidermal keratinocytes was psoriatic lesions were significantly higher than those in
detected in all specimens (Fig. 1b). To further verify this normal skin.

(a) Untreated (b) TPA day 9 (c) TPA day 9

PGRN"-
(d1) 7 (e1) (f1)

c
kel
@
1%}
o
S
X
B
<<
=z
i
€
o
=
©
9]
o

WT WT(TPA)

© 2015 John Wiley & Sons Ltd, Immunology, 145, 279-287 283



K. Huang et al.

The serum PGRN levels were elevated in the patients
with psoriasis vulgaris

We detected serum levels of PGRN in 34 patients with
psoriasis vulgaris and 20 normal individuals by using
ELISA. Serum PGRN levels in patients with psoriasis
vulgaris were significantly higher than those in healthy
controls (P < 0-01, Table 1). Then, we tested serum
PGRN levels in 18 patients with psoriasis vulgaris
before and after treatment. The high serum PGRN lev-
els at pre-treatment were significant down-regulated
after treatment (P < 0-005, Fig. 2a, Table 1).
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Correlations of serum PGRN levels with
inflammatory factors in the patients with psoriasis
vulgaris before treatment

To examine the relationship between serum PGRN level
and inflammatory factors related with psoriasis vulgaris,
serum levels of TNF-o and IL-6 were detected by ELISA
before treatment. The levels of TNF-o and IL-6 in psoria-
sis vulgaris patients were up-regulated significantly com-
pared with levels in normal controls (P < 0-05, Table 1).
And there was a significant and positive correlation
between serum PGRN and TNF-o levels in pre-treatment
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Figure 4. 12-O-Tetradecanoylphorbol 13-acetate (TPA) -treated progranulin-deficient (PGRN /") mice have decreased percentages of regulatory
T (Treg) cells in the affected skin and cervical lymph nodes. (a) Percentages of T helper type 1 (Thl), Th2, Th17 and Treg cells in the ears and
cervical lymph nodes in WT and PGRN '~ mice on day 9 after application of TPA to the ears on days 0, 2, 4, 6 and 8 measured by flow cytom-
etry are shown as means £ SEM of four mice/group (¥**P < 0-001; **P < 0-005). (b) Representative dot plots for Treg cells in the ears and cer-
vical lymph nodes in WT and PGRN /" mice are shown; numbers beside boxes indicate the percentages of Treg cells among CD4" T cells.
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psoriasis vulgaris patients (ry = 0-65, P < 0-01, Fig. 2b).
However, there was no significant correlation between
serum levels of PGRN and IL-6 (P = 0-09, Fig. 2c). Fur-
thermore, the serum PGRN/TNF-o ratio was negatively
correlated with PASI scores (r¢= —0-38, P < 0-05,
Fig. 2d, Table 1).

Expression of PGRN was increased in psoriasis-like
mouse skin lesions

Psoriasis is unique to humans, but multiple topical appli-
cations of TPA to mouse skin has traditionally been used
to model some aspects of psoriasis.'® Repeated applica-
tion of TPA for 9 days (every other day) to the ears of
WT C57BL/6 mice induced progressive moderate psoria-
sis-like inflammation manifested by redness, scaling and
thickening (Fig. 3b). Analysis of haematoxylin & eosin-
stained sections from the ear in untreated WT mice
showed one- to two-cell thick epidermis and few-cell
thick sub-epidermal layers with blood vessels, sebaceous
glands, hair follicles, muscle bundles and central fat and
connective tissue layer (Fig. 3d1, d2). Histology of TPA-
treated ears in WT mice revealed acanthosis (thickening
of the epidermis due to proliferation of keratinocytes),
formation of rete pegs (downward papillary projections
of epidermis), parakeratosis (retention of keratinocyte
nuclei in stratum corneum), formation of epidermal mic-
roabscesses and thickening of the sub-epidermal layer
with dense inflammatory cellular infiltrates (Fig. 3el, e2).
All of these changes are highly characteristic of psoriasis
lesions.

We next studied the expression of PGRN in the ears of
untreated and TPA-treated WT mice. As shown in Fig. 3(g,
h), PGRN expression was dramatically enhanced in the ears
of TPA-treated WT mice, and high-resolution analysis
showed that PGRN was mainly expressed in epidermis and
infiltrating inflammatory cells. Moreover, we assessed the
expression of PGRN by quantitative RT-PCR. As indicated
in Fig. 3(i), markedly increased levels of PGRN mRNA
were detected in the ears of TPA-treated WT mice.

PGRN '~ mice have an enhanced inflammatory
response to TPA in the skin

To investigate the role of PGRN in psoriasis, we used
PGRN '~ mice, along with their WT counterparts, in a
multiple TPA topical application model. The skin of
PGRN '™ mice has normal appearance and pathology (not
shown). Applying multiple topical TPA challenges in both
genotypes, we found a significantly stronger inflammatory
response, manifested by more redness, thickening and scal-
ing, in PGRN/~ mice compared with WT mice (Fig. 3c
and b, respectively). The ear samples were also assessed via
histology and results showed that PGRN™/~ mice exhibited
thicker epithelium, larger epidermal microabscesses, and

© 2015 John Wiley & Sons Ltd, Immunology, 145, 279-287
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increased dermal angiogenesis and infiltration of inflam-
matory cells (Fig. 3f1, £2) than WT mice (Fig. 3el, €2).

PGRN '~ mice have decreased percentages of Treg
cells in the skin and cervical lymph nodes

We next studied the CD4" T-cell subsets in the ears and
cervical lymph nodes by flow cytometry to determine the
cellular basis for the differences in the inflammatory
response between PGRN™/~ mice and WT mice.
TPA-treated PGRN '~ mice had significantly lower per-
centages of Treg cells (CD4" CD25" FoxP3") in the
affected ears and draining cervical lymph nodes compared
with TPA-treated WT mice (Fig. 4). In contrast, there
was no significant difference in the percentages of Thl
(CD4" IFN-y"), Th2 (CD4" IL-4") and Th17 (CD4" IL-
17%) cells in the ears and cervical lymph nodes between
WT and PGRN~/~ mice (Fig. 4).

Discussion

Progranulin is an autocrine growth factor that is mainly
expressed in epithelial cells, immune cells, neurons® and
chondrocytes.” Studies have confirmed the anti-inflam-
matory role of PGRN in mouse models of inflammatory
diseases, including inflammatory arthritis,” cerebral is-
chaemic injury,'® toxin-induced brain injury,”® athero-
sclerosis®’and contact dermatitis.'"" But the expression
and role of PGRN in psoriasis have not been fully inves-
tigated. In the present study, we demonstrated that
PGRN levels were significantly higher in both lesions
and serum of patients with psoriasis vulgaris than in
those of control subjects. In addition, serum PGRN con-
centrations in psoriasis vulgaris patients were signifi-
cantly decreased after effective treatment. These results
indicate that PGRN is related to the pathogenesis of
psoriasis.

To elucidate the role of PGRN in psoriasis, we studied
the mouse model of TPA-induced psoriasis-like skin
inflammation. In accordance with human psoriatic lesions,
PGRN expression was dramatically enhanced in the ears of
TPA-treated WT mice. These results suggest that PGRN
over-expression is involved in the development of the
TPA-induced mouse model of psoriasis. Surprisingly,
analysis of TPA-treated skin in PGRN /™ mice suggested
that PGRN deficiency aggravates the psoriasis-like inflam-
mation in both lesional appearance and histological char-
acteristics. This finding reveals that PGRN plays both
protective and anti-inflammatory roles in the development
of psoriasis. In fact, several mouse models (including topi-
cal application of imiquimod) are considered superior to
the TPA model in replicating human psoriatic lesions,”’
because TPA application in WT mice simulates part of the
human psoriatic phenotype. Hence, induction of more
typical psoriasiform lesions in PGRN '~ mice following
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TPA treatment convincingly implicates the important pro-
tective role of PGRN in pathogenesis of psoriasis vulgaris.

Given that PGRN acts as a strong anti-inflammatory
mediator by being an antagonist of TNF-u signalling,” we
further investigated the relationship between serum
PGRN levels and TNF-a levels in patients with psoriasis
vulgaris. We found that serum PGRN levels were posi-
tively correlated with TNF-a levels. In other words, the
serum TNF-o levels increased with rising PGRN levels.
Based on these results, we speculated that PGRN, as a
competitive molecule of TNF-u, is highly expressed in
psoriasis vulgaris secondary to the increased inflammatory
cytokines, in particular TNF-o. It is well known that
TNF-a promotes an inflammatory response in psoriasis
vulgaris, whereas PGRN prevented inflammation in this
study. Therefore, we speculated that the ratio of PGRN/
TNF-o in serum is an important factor to evaluate the
inflammatory microenvironment of a patient. To confirm
this speculation, we studied the relationship between
serum PGRN/TNF-o ratio and disease severity. We dem-
onstrated that serum PGRN/TNEF-o ratio was negatively
correlated with PASI scores. The result suggested that the
lower the PGRN/TNF-a ratio, the more severe the dis-
ease. Further increasing the levels of PGRN by applica-
tions of exogenous PGRN, or its derived engineered
protein Atsttrin, may be useful as therapies for psoriasis.
Matsubara et al. found that PGRN played a pro-inflam-
matory role in obesity and insulin-resistant diabetes
through the production of IL-6."* In our study, we evalu-
ated the relationship between PGRN and IL-6 levels in
serum and showed that there was no significant correla-
tion between them, which did not support the pro-
inflammatory role of PGRN in psoriasis vulgaris.

To further elucidate the mechanisms for the anti-inflam-
matory role of PGRN in psoriasis, we detected the CD4" T-
cell subsets in the ears and cervical lymph nodes by flow
cytometry. A difference of Treg cells, not Thl, Th2 and
Th17 cells, in the ears and cervical lymph nodes was
observed between TPA-treated WT and PGRN ™/~ mice. It
is well-established that Treg cells are able to inhibit the
immunological response and to maintain cutaneous immu-
nological homeostasis.”> Human skin is enriched in Treg
cells — up to 80% of CD4" T cells could be Treg cells in
skin of healthy individuals.*® In contrast, patients with pso-
riasis have lower percentages of Treg cells in affected skin,
for example 339%,% 45%%* or 50%>> of total CD4" cells.
Moreover, studies of Treg cells in patients or mouse models
treated with infliximab,?® vitamin D3*” or 8-methoxypsor-
alen plus ultraviolet A*® showed that numbers of Treg cells
were increased. Hence, deficient generation or recruitment
of Treg cells may be a significant factor contributing to the
development of psoriasis, although this aspect has not been
sufficiently studied. In addition, it has been reported that
the number of Treg cells in lymph nodes was reduced in
PGRN '~ mice upon induction of contact dermatitis'' and
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that PGRN promoted the differentiation of Treg cells from
naive T cells in vitro.® Furthermore, Hu et al. reported that
PGRN enhanced proliferation of Treg cells in the presence
of TNF*® in vitro. In the present study, our results support
these views and extend these findings by showing that
TPA-treated PGRN™'~ mice have decreased numbers of
Treg cells not only in draining cervical lymph nodes but
also in the affected ears compared with WT mice. These
results suggest that PGRN ™/~ mice are less efficient than
WT mice in generating Treg cells in lymph nodes and
recruiting these cells to the inflamed skin. Hence, the
mechanism underlying increased sensitivity of PGRN '~
mice to TPA-induced psoriasiform inflammation is
impaired differentiation of Treg cells and decreased recruit-
ment of these cells in the affected skin, which results in
more severe inflammation. In WT mice, PGRN promotes
differentiation and recruitment of Treg cells, which pro-
tects the skin from an exaggerated psoriasis-like inflamma-
tory phenotype.

In conclusion, our study demonstrates that PGRN plays
a protective role in the pathogenesis of psoriasis vulgaris
partly by increasing the numbers of Treg cells. Serum
PGRN/TNF-o ratio could be a useful biomarker for dis-
ease severity. The feedback increase of PGRN was not suf-
ficient to neutralize the development of psoriasis vulgaris.
It is suggested that the applications of recombinant
PGRN or its derived engineered protein, Atsttrin, may be
useful as therapies for psoriasis. Further studies aimed at
understanding the molecular events during the regulation
of PGRN on Treg cells are important in the development
of effective therapeutic strategies in psoriasis.
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