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Incidentally-detected 1(9;22)(q34;q11)/BCR-ABL1- positive clone
developing into chronic phase chronic myeloid leukaemia after

four years of dormancy

The World Health Organization (WHO) Classification (4th
Edition) assigns chronic myeloid leukaemia (CML) to the
myeloproliferative neoplasms, which are defined as clonal
disorders with proliferation of one or more of the myeloid
lineages. CML is characterized by t(9;22)(q34;q11) transloca-
tion and resultant BCR-ABLI fusion gene found in all mye-
loid lineages as well as lymphoid cells and endothelial cells.
We herein describe a case of incidentally-detected t(9;22)
(q34;q11)/BCR-ABLI-positive clones developing into CML
after a dormancy period. Our case highlights the significance
of distinction between subclinical and definite CML.

A 64-year-old woman was referred to us for systemic eval-
uation of refractory primary intraocular lymphoma (PIOL).
She had received topical therapy with intravitreal methotrex-
ate injections for the preceding 4 months. Imaging studies
did not find any intracranial or distant lesions. The bone
marrow (BM) was unremarkable without lymphoma infiltra-
tion (Fig 1A). Of note, routine G-banded karyotyping identi-
fied 1(9;22)(q34;q11) in five of 20 metaphase cells analysed
(Fig 1B). We considered the possibility of CML; however,
the BM was normocellular without increase in neutrophils or
neutrophil precursors. The myeloid:erythroid ratio was
within a normal range and no fibrosis was detected. Thus,
the BM lacked morphological features of CML. The patient
did not complain of fatigue or weight loss and there was no
evidence of splenomegaly. Laboratory findings were unre-
markable, including white blood cell (WBC) count of
5.6 x 10°/1 with normal differential, haemoglobin level
126 g/l, and platelet count 274 x 10°/l. Reverse transcrip-
tion-nested polymerase chain reaction (RT-nested PCR) assay
of peripheral blood (PB) detected el4/a2 (b3/a2) BCR-ABLI
mRNA. Real-time PCR using the LightCycler® system (Roche
Diagnostics, Mannheim, Germany) revealed BCR-ABLI level
(normalized to RNAI18SI) of 4-00 x 107>, Regular fluores-
cence in situ hybridization (FISH) analysis for t(9;22)(q34;
q11)/BCR-ABLI using LSI-BCR/ABL dual colour ES probe
(Vysis Inc., Downers Grove, IL, USA) did not detect BCR-
ABLI fusion signals either in BM mononuclear cells or in PB
neutrophils. We then performed metaphase FISH analysis on
BM, which revealed fusion signals in 13 (33%) of 40 meta-
phases scored. Thus, the discrepancy between the findings of
G-banding and interphase FISH analysis was explained by
the growth difference between the t(9;22)(q34;q11)/BCR-

©® 2015 John Wiley & Sons Ltd, British Journal of Haematology

ABLI-positive cells and normal haematopoietic precursors in
the ex vivo culture system. Despite positive cytogenetic and
molecular findings, lack of myeloid lineage proliferation
hampered the diagnosis of CML. Thus, systemic treatment
for PIOL, comprising chemoimmunotherapy and whole
brain radiotherapy was prioritized according to the protocol
at our institution (Taoka et al, 2012). BCR-ABL] mRNA was
negative upon completion of the treatment (Fig2). We
employed a watchful waiting strategy for the t(9;22)(q34;
ql1)/BCR-ABLI-positive clones by monitoring BCR-ABLI
level using real-time PCR as previously described (Emig et al,
1999). RT-nested PCR for BCR-ABLI mRNA became positive
in six months and the BCR-ABLI level gradually increased
during the following three years. FISH analyses for t(9;22)
(g34;q11) in PB neutrophils were repeatedly negative. BCR-
ABLI level eventually reached 278 x 107!, which was
almost comparable to the mean level (5-87 x 107") of 30
newly diagnosed CML patients at our institution (Nannya
et al, 2008). Laboratory results showed a slightly increased
WBC count of 9-8 x 10°/1 with mild basophilia. The patient
remained asymptomatic and without splenomegaly. A follow-
up BM analysis showed a hypercellular marrow with prolifer-
ation of myeloid lineage cells (Fig 1C). G-banded karyotyp-
ing identified t(9;22)(q34;q11) in 17 of 20 metaphases, and
FISH analysis of BM aspirate detected BCR-ABLI fusion sig-
nals in 82% of interphase cells scored. The fusion signals
were also present in 94% of PB neutrophils and 20% of PB
mononuclear cells (Fig 1D). These findings confirmed the
diagnosis of chronic phase CML, and treatment was initiated
with dasatinib. After three months, G-banding and FISH
analyses of BM indicated a normal karyotype, and real-time
PCR analysis showed a 3-5-log decrease in PB BCR-ABLI
level.

Incidentally-detected  t(9;22)/BCR-ABLI-positive  clones
failing to meet the criteria for CML may be considered as
subclinical CML, which can progress to definitive CML after
a dormant period. Subclinical CML can be morphologically
distinguished from definitive CML in that it lacks prolifera-
tion of myeloid lineages. Subclinical CML is therefore not
classified as CML or even as a myeloproliferative neoplasm
according to the WHO classification. In our case, previous
intravitreal methotrexate injection therapy was probably irrel-
evant to the pathogenesis of subclinical CML, considering its

doi: 10.1111/bjh.13804
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Fig 1. Bone marrow morphology and cytogenetic findings at initial
detection of the t(9;22)(q34;q11) translocation and upon progression
to definite chronic myeloid leukaemia. (A) Bone marrow analysis at
initial detection showed a normocellular marrow without infiltration
of lymphoma cells. There were no morphological features of CML.
(B) G-banding of bone marrow aspirate at initial detection unexpect-
edly showed the t(9;22)(q34;ql1) translocation (arrows). (C) Bone
marrow analysis upon progression to definite CML revealed a mark-
edly hypercellular marrow with proliferation of myeloid lineage cells.
(D) FISH analysis upon progression to definite CML detected BCR-
ABLI fusion signals in a bone marrow mononuclear cell (upper
panel) and a peripheral blood neutrophil (lower panel). We used the
LSI-BCR/ABL dual colour ES probe, which produces green BCR sig-
nals and red ABLI signals. Note that the ABLI probe covers the
breakpoint, yielding an extra ABLI signal.

topical nature and an extremely short latency. On the other
hand, systemic treatment for PIOL, particularly radiotherapy,
may have contributed to the transition from subclinical to
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a 107" 15 T TR [ ]
Q
A
L A2 e e T
=
X
A I T U Y PPN, W
~
Q
g
Q BCR-ABLT
Q (FISH)

_________________ BM 82%
m o
0. Neu 2% Neu 94%
Negative
10 20 30

0 50
Months

Fig 2. Clinical course of our patient with an incidentally detected t
(9;22)/BCR-ABLI- positive clone. BCR-ABLI mRNA expression in
peripheral blood was monitored following the initial detection of a
cytogenetic abnormality. BCR-ABLI fusion transcripts were quanti-
fied by real-time PCR using LightCycler® system (Roche Diagnos-
tics). Levels of BCR-ABLI mRNA were normalized to those of
RNA18S1, which served as an internal control. PIOL, primary
intraocular lymphoma; FISH, fluorescence in situ hybridization; BM,
bone marrow; Neu, neutrophils.

definite CML; exposure to ionizing radiations is a well-
known cause of CML (Bizzozero et al, 1966).

Coexistence of subclinical CML and another haematologi-
cal disease is a rare but recurrent event. Two such cases have
been reported thus far. One case was a 74-year-old man with
monoclonal gammopathy (Shani & Malik, 2009), and the
other was a 60-year-old man with multiple myeloma after
autologous haematopoietic stem cell transplant (Roper et al,
2010). In both cases, G-banded karyotyping and FISH analy-
sis unexpectedly detected t(9;22)(q34;q11)/BCR-ABLI-posi-
tive clones, whilst proliferation of the myeloid lineages was
absent. Treatment with imatinib for subclinical CML was
commenced immediately and eight weeks after the initial t
(9;22)(q34;q11) detection, respectively.

A treatment strategy for subclinical CML has not been
established. There is no evidence to demonstrate the advan-
tage of early intervention over watchful waiting, especially
considering the possible adverse effects associated with tyro-
sine kinase inhibitors (Gunnarsson et al, 2015). No data are
available regarding spontaneous regression or long-term
treatment outcomes of subclinical CML due to the rarity of
such condition. However, the excellent efficacy of tyrosine
kinase inhibitors for definite chronic phase CML confers a
relatively low risk to watchful waiting strategy. Comprehen-
sively, we decided to adopt watchful waiting strategy in our
case.

BCR-ABLI mRNA is detected in a substantial portion of
healthy individuals. A study using the semi-nested PCR tech-
nique revealed that BCR-ABLI (p210) transcript was positive
in 30% of healthy adults and 5% of healthy children (Bier-
naux et al, 1995). The mere positivity of BCR-ABL]I mRNA
without cytogenetic abnormalities is not therefore clinically

© 2015 John Wiley & Sons Ltd, British Journal of Haematology



significant when we consider the prevalence of CML. Never-
theless, our case teaches us that the BCR-ABLI-positive pop-
ulation may also have a propensity to develop definite CML
after radiotherapy and/or chemoimmunotherapy.
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Adiponectin regulates psoriasiform skin
inflammation by suppressing IL-17 production
from yo-T cells
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Accumulating epidemiologic evidence has revealed that metabolic syndrome is an
independent risk factor for psoriasis development and is associated with more severe
psoriasis. Adiponectin, primarily recognized as a metabolic mediator of insulin sensitivity, has
been newly drawing attention as a mediator of immune responses. Here we demonstrate that
adiponectin regulates skin inflammation, especially IL-17-related psoriasiform dermatitis.
Mice with adiponectin deficiency show severe psoriasiform skin inflammation with enhanced
infiltration of IL-17-producing dermal Vy4 + v8-T cells. Adiponectin directly acts on murine
dermal v3-T cells to suppress IL-17 synthesis via AdipoR1. We furthermore demonstrate here
that the adiponectin level of skin tissue as well as subcutaneous fat is decreased in psoriasis
patients. IL-17 production from human CD4- or CD8-positive T cells is also suppressed
by adiponectin. Our data provide a regulatory role of adiponectin in skin inflammation,
which would imply a mechanism underlying the relationship between psoriasis and metabolic

disorders.
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soriasis is a common chronic inflammatory skin disease,
affecting ~2-3% of the world’s population, which is
characterized by epidermal hyperplasia, inflammatory cell
infiltration and vascular changes®*. In the development of
psoriasis, keratinocytes and immune cells interact with each
other through the production of cytokines. This cellular interplay,
especially via the interleukin (IL)-23/Th17 cytokine network,
finally leads to psoriatic plaque formation. IL-23, secreted by
dendritic cells, differentiates naive T cells into Th17 cells, and
these activated Thl7 cells further secrete IL-17A, IL-17F and
IL-22, which finally cause keratinocyte proliferation®>. The
importance of the IL-23/Th17 axis has been also exemplified by
the therapeutic efficacy of human monoclonal antibodies
targeting IL-12/23p40 (ustekinumab), IL-17 (ixekizumab and
secukinumab) and its receptor (brodalumab)®-8.

Psoriasis has been long considered to be a skin-tropic and not
life-threatening disease; however, it is now increasingly recog-
nized that psoriasis inflammation is not limited to the skin but
goes far beyond the skin, accompanying systemic inflamma-
tion®>!®, ITmmune cells and cytokines, when released into the
systemic circulation, may alter the function of endothelial and
haematopoietic cells, leading to the increase in the risk of insulin
resistance and atherosclerosis. This inflammatory cascade is
named ‘psoriatic march’, and psoriasis patients are now
considered to be at higher risk of developing metabolic
syndrome!!l. Systemic inflammation induced by obesity and
metabolic syndrome, in turn, could exacerbate local skin
inflammation via blood flow, which may consequently expand
psoriasis inflammation'?. The link between local and systemic
inflammation is further supported by recent vast reports focusing
on the high percentages of psoriasis patients who have
cardiovascular and metabolic comorbidities'?~17.

Adipose tissue, although considered as an organ for energy
storage in the past, is now accepted as an active endocrine and
immune organ, which produces various bioactive molecules,
named adipokines'®1®. These adipokines, in cooperation with
macrophages and T cells, cause adipose tissue inflammation and
finally develop metabolic syndrome. Among these adipokines,
adiponectin is a representative and main mediator of
metabolism?®2!.  Interestingly, recent reports regarding
adiponectin have been focusing on a new feature of
adiponectin, an aspect as a regulator of immune responses*>23.
A number of experimental studies suggest that adiponectin
attenuates excessive inflammatory responses in a variety of
tissues, especially in obesity-associated states?*™26. Roles of
adiponectin in the development of psoriasis, one of the obesity-
linked diseases as mentioned above, have been also discussed in
the vast past epidemiologic reports®’ 2%, Serum adiponectin levels
are decreased in psoriasis patients compared with healthy
controls and its levels increase along with the improvement of
dermatitis after successful treatments, including anti-tumour
necrosis factor (TNF)-a agents, suggesting that adiponectin
negatively regulates psoriasis progression®®3l.  Adiponectin
in vitro suppresses TNF-o, IL-6 and IL-12p40 production from
THP-1 cells, and IL-6 production from normal human
keratinocytes®?. These results have led us to further investigate
whether adiponectin actually influences psoriasis inflammation
in vivo.

In the past few years, a mouse model of psoriasiform dermatitis
induced by topical imiquimod application, has been fre%uently
used to examine the inflammatory responses of the skin%33, In
this model, mice are treated topically with imiquimod cream for 6
consecutive days. After 6 days, rapid inflammation is noted in
murine skin that resembles the clinical manifestation and
histopathology of human psoriasis. In addition, this model
mirrors the cytokine profile of human psoriasis, especially that of

the IL-23/Thl17-related pathway. Although this model indeed
demonstrates a simple and acute skin inflammation and is not
sufficient to replicate a chronic and complex human condition,
alongside human studies, this model would be provided as one of
the established ways to understand the immunological aspects of
human disease®. The purpose of this study is to elucidate the
possible roles of adiponectin in the development of psoriasis,
using imiquimod- and IL-23-induced murine models of
psoriasiform dermatitis along with human samples. We show
here that lack of adiponectin exacerbates psoriasis-like skin
inflammation with excessive infiltration of IL-17-producing
Vy4+ dermal y8-T cells. Furthermore, adiponectin directly
acts on dermal y8-T cells to suppress IL-17 production. These
results are in agreement with human data displaying the
decreased level of adiponectin in subcutaneous fat and skin
tissue of psoriasis patients. We also demonstrate regulatory roles
of adiponectin on human CD4- and CD8-positive T cells.
Although numerous reports have reported anti-inflammatory
aspects of adiponectin on a variety of cell types, our data provides
new evidence that adiponectin also has an anti-inflammatory
effect on T cells and regulates skin inflammation.

Results

Adiponectin deficiency exacerbates psoriasiform dermatitis. To
examine the role of endogenous adiponectin during psoriasiform
skin inflammation in vivo, we first applied imiquimod cream on
mouse back skin, and investigated the clinical and histopatholo-
gical features of wild-type and adiponectin-deficient mice. We
also applied imiquimod cream on mouse ear skin and evaluated
ear thickness. We confirmed that there are no differences in the
phenotype or cytokine expressions between mice applied with
Vaseline and a cream containing isostearic acid (25% w/w), a
major component of the vehicle cream of the imiquimod
(Supplementary Fig. 1). Thus, we used Vaseline as a control
cream of imiquimod in this study. Adiponectin-deficient mice
exhibited worse clinical outcome with more severe scales and
thicker skin at day 4-6 of imiquimod treatment as compared with
wild-type mice (Fig. 1a). Clinical scores for disease severity were
calculated daily using a scoring system based on the clinical
Psoriasis Area and Severity Index. Significant differences in dis-
ease severity and ear thickness were observed between wild-type
and adiponectin-deficient mice from day 4 to 6 (Fig. 1b). Con-
sistent with clinical scores, histological analyses of skin samples
at day 5 of imiquimod treatment on mouse back skin showed
more severe epidermal hyperplasia and more intense inflamma-
tory cell infiltration in adiponectin-deficient mice as compared
with wild-type mice (Fig. lc). Immunohistochemistry analyses
revealed that infiltrating cells in the upper dermis were CD3 or
major histocompatibility complex class II positive, and that cell
counts for these positive cells were significantly increased in
adiponectin-deficient mice compared with wild-type mice
(Fig. 1d).

Adiponectin deficiency promotes IL-17A gene expression. We
next examined the messenger RNA (mRNA) expression levels of
psoriasis-related cytokines in the imiquimod-induced psoriasi-
form skin lesions of wild-type and adiponectin-deficient mice.
Skin samples were taken from mouse back skin, before treatment,
and 24 or 48h after imiquimod application. Messenger RNA
levels for TNF-o, IEN-y, IL-6, IL-12p40, IL-23pl19, IL-17A,
IL-17F and IL-22 were determined by quantitative real-time PCR.
Imiquimod-treated skin demonstrated increased mRNA levels of
genes mentioned above, and adiponectin deficiency further aug-
mented mRNA levels of TNF-¢, IL-6, IL-12p40 and IL-23p19,
which would reflect the anti-inflammatory roles of adiponectin
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Figure 1| Adiponectin deficiency promotes psoriasiform dermatitis. Shaved back skin and ears of wild-type (WT) and adiponectin-deficient (Adipo

knockout (Adipo KO)) mice were topically treated with imigquimod (IMQ) or control Vaseline (Vas) for 6 consecutive days. (a) Phenotypical manifestation
of WTand Adipo KO mouse back skin induced by IMQ or Ctrl cream application at day 5. (b) Disease severity (left panel) and ear thickness (right panel)
during IMQ or Vas treatment, Clinical scores for disease severity were calculated daily using a scoring system based on the clinical Psoriasis Area and
Severity Index. Data are presented as mean =+ s.e. (n=3-5 for each group). *P<0.05 versus WT mice with IMQ application. (¢) Histological presentation of

WT and Adipo KO mouse back skin induced by IMQ or Vas application at day 5

( x 200). Scale bar, 50 pm. The number of epidermal cell layers and dermal

inflammatory cells was counted per high-power field from 3 to 5 mice per group. Data are presented as mean  s.e. (n=3-5). (d) Immunohistochemical
presentation of WT and Adipo KO mouse back skin induced by IMQ or Vas application at day 5 ( x 400). Scale bar, 25 pm. The number of CD3 or major
histocompatibility complex (MHC) class Il (MHCII)-positive cells was counted per high-power field from 3 to 5 mice per group. Data are presented as

mean ts.e. (n=3-5), and analysed by Welch's t-test for b-d.

on macrophages and dendritic cells. In addition, mRNA levels of
IL-17A, IL-17F and IL-22 were also markedly upregulated in
adiponectin-deficient mice at 48 h after imiquimod application, as
compared with wild-type mice (Fig. 2a). In the experiment of
intradermal IL-23 injections to mouse ear skin, another widely
used model of psoriasiform skin inflammation, IL-17A/IL-17F/
IL-22 expression was upregulated after IL-23 injection®>, and
adiponectin deficiency further increased their expression level
(Fig. 2b). Interestingly, IL-17A expression was much greater with
IL-23 injection than imiquimod treatment, whereas IL-17F and
IL-22 were far less responsive to IL-23 injection than to
imiquimod treatment in adiponectin-deficient mice, suggesting
that the major effect of adiponectin is on IL-17A. Thus, we sought
to focus on the effect of adiponectin especially on IL-17A.
Notably, there was great increase in both IL-6 and IL-17A

NATURE COMMUNICATIONS | 6:7687 | DOI: 10.1038/ncomms8687 | www.nature.com/naturecommunications

expression in adiponectin-deficient mice at 48 h after imiquimod
application (Fig. 2a). In detail, IL-6 was sufficiently produced
after 24h of imiquimod application, whereas IL-17A was
gradually produced until 48h in adiponectin-deficient mice,
suggesting the possibility that IL-6 overproduction in
adiponectin-deficient mice might predominate further increase
in IL-17A production at 48h. To address this concern, we
conducted an intraperitoneal injection of IL-6 antibody in both
adiponectin-deficient and wild-type mice, and then compared
IL-17A expression level 48h after imiquimod application. As
shown in Fig. 2¢, IL-6 antibody injection suppressed, but not
significantly, about half of IL-17A production in wild-type mice.
In adiponectin-deficient mice, suppression level of IL-17A by IL-6
antibody was more remarkable as compared with that in wild-
type mice. This result would imply that the IL-17A production

3
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Figure 2 | Adiponectin deficiency promotes gene expression of cytokines implicated in the psoriasiform skin inflammation. Wild-type (WT) and
Adiponectin knockout (Adipo KO) mice were (a) applied with imiquimod (IMQ) or (b) injected with IL-23 intradermally, and skin samples were taken
(a) before treatment, and 24 or 48 h after IMQ application or (b) after second IL-23 injection. Messenger RNA levels of the indicated cytokines were
determined by quantitative PCR. Data are obtained from duplicate samples from 5 to 8 mice in each group. Values are presented as mean  s.e. (n=10-16).
UD, undetected. (¢) WT and Adipo KO mice were injected with IL-6 antibody intraperitoneally, and IL-17A mRNA level of skin samples was determined
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test for e. NS, not significant.

might be regulated partially by IL-6 in the imiquimod-induced
skin inflammation and that the enhanced IL-6 production by
adiponectin  deficiency might induce subsequent IL-17A
production and exacerbation of dermatitis.

Adiponectin regulates IL-17A-producing dermal y3-T cells. To
clarify whether adiponectin deficiency is actually involved in the
local skin inflammation, we next performed intracellular flow
cytometric analyses of the skin after imiquimod application.

Single-cell suspensions from the dermis separated from the epi-
dermis of wild-type and adiponectin-deficient mice after 5 days of
imiquimod treatment were stimulated with phorbol 12-myristate
13-acetate (PMA) and ionomycin, and then were analysed for
IL-17A as well as CD3 and ydTCR expression. Adiponectin
deficiency promoted the recruitment of CD3-positive cells to the
dermis of imiquimod-induced skin as compared with wild-type
mice (Fig. 3ab). The proportion of y3-T cells among these
infiltrating CD3-positive cells was similar between wild-type and
adiponectin-deficient mice (Fig. 3c,d). In addition, as well as
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Figure 3 | Adiponectin negatively regulates the recruitment of inflammatory cells and the IL-17 production from y3-T cells in the skin. Wild-type (WT)
and Adiponectin knockout (Adipo KO) mice were treated as described. At day 5, dermal cell suspensions of mouse back skin were stimulated with PMA
and ionomycin, and were stained with antibodies specific for IL-17A as well as CD3 and TCRy$ cell surface markers, followed by flow cytometric analysis.
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increased infiltrating CD3-positive cells, expression levels of
IL-17A on a per-cell basis among CD3-positive cells were also
significantly increased in adiponectin-deficient mice (Fig. 3e.g).
Next, we gated on IL-17-positive cells and determined the cellular
source of IL-17. In agreement with previous reports®>*, the
majority of IL-17 was produced by vy3-T cells upon stimulation
(Fig. 3fh). These results suggest that adiponectin deficiency
promotes the recruitment of inflammatory cells and local IL-17
production from 7Y3-T cells in the imiquimod-induced skin
inflammation.

Vy4-positive dermal y8-T cells are the major IL-17 producers.
To determine which type of ¥5-T cells are involved in the dermal
skin inflammation, we examined the Vy4 and Vvy5 expression
pattern of skin y8-T cells during the imiquimod treatment.

a b

We first determined the Vy4 and Vy5 expression of epidermal
resident y8-T cells and dermal migratory y8-T cells by reverse
transcription-PCR. As shown in Fig. 4a, dermal y3-T cells
expressed V4, whereas epidermal y3-T cells express Vy5, but not
Vy4. Notably, imiquimod application induced two subsets of skin
¥8-T cells, composed of TCRydtermidiate 17 17 (1) and
TCRy8ME TL-17-(I1) T cells in both wild-type and adiponectin-
deficient mice (Fig. 4b). Consistent with the past reports>>3738,
these populations expressed (I) Vy4 and (II) VY5, respectively
(Fig. 4c), suggesting that Vy4-positive dermal migratory y8-T
cells dominate the dermal skin inflammation and IL-17
production. In accordance with this result, when gated on
IL-17-positive cell subsets, the majority of IL-17-positive cells
expressed Vy4, but not Vy5, in both wild-type and adiponectin-
deficient mice (Fig. 4d).
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Figure 4 | Vy4 T cells predominantly induce the skin inflammation and are the major IL-17 producers. Wild-type (WT) and Adiponectin knockout
(Adipo KO) mice were treated as described. At day 5, whole-skin cell suspensions of mouse back skin were stimulated with PMA and ionomycin, and were
stained with antibodies specific for IL-17A as well as CD3, TCRyS, Vy4 and Vy5 cell surface markers, followed by flow cytometric analysis. (a) Dermal y&-T
cells after IMQ application and epidermal v3-T cells before IMQ application were sorted, and mRNAs were extracted to perform reverse transcription-PCR.
(b) Plots show two populations of y5-T cells, composed of TCRy&intermediate || .17_pasitive (1) and TCRySMEN [1-17-negative (11} cells. (€) Cells of (1) and (II)
populations were characterized for TCRy8 and Vy4 or Vy5 expression. (d) IL-17-positive cells gated on CD3-positive cells were characterized for Vy4 and
V5 expression. Data are representative of two independent experiments, where each group contains two mice.
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JL-17 regulation in y8-T cells is mediated through AdipoR1.
We next focused on the in vitro effects of adiponectin on dermal
v8-T cells. First of all, we examined the expression of adiponectin
receptors, AdipoR1 and AdipoR2. It is known that AdipoR1 is
expressed widely in various tissues, while AdipoR2 is pre-
dominantly expressed in the liver>®. As shown in Fig. 5a, western
blot analysis demonstrated that only AdipoR1 protein was
detected, while AdipoR2 protein expression was below the
detection limit. Next, we investigated whether adiponectin had
a direct effect on the production of IL-17 by y&-T cells. Sorted
dermal y3-T cells were pretreated with indicated concentrations
of adiponectin for 1h, followed by treatment with IL-1P
(10ngml™ 1y and IL-23 (5 ngml ™ 1y for another 24h, and
IL-17 protein levels in the supernatant were quantified. We
confirmed that adiponectin itself was not harmful by determining
that IL-2 production of dermal y8-T cells is not influenced by
adiponectin concentration up to 50ugml~! (Supplementary
Fig. 2a). Since earlier studies have revealed that y3-T cells express
IL-23R and produce IL-17 in response to IL-1P and IL-23
(ref. 40), without T-cell receptor engagement, we incubated y8-T
cells without activation by anti-CD3e monoclonal antibody in
this experiment. As shown in Fig. 5b, adiponectin directly

suppressed IL-17 production from dermal y8-T cells in a dose-
dependent manner up to 25 ugml ™ L. Consistent with the result
of the supernatant protein levels, pretreatment with adiponectin
(10 pgml~ 1) suppressed IL-17A mRNA expression of dermal
v8-T cells (Fig. 5¢). Furthermore, to determine which adiponectin
receptor, AdipoR1 or AdipoR2, is involved in the regulation of
IL-17 synthesis, dermal y3-T cells were transfected with short
interfering RNA (siRNA) against AdipoR1 and AdipoR2, and
thereafter, were assessed for IL-17A mRNA expression.
Quantitative real-time PCR detected both AdipoRl and
AdipoR2 mRNA in dermal v8-T cells, although AdipoR2
protein expression ‘was below the detection limit by western
blot analysis. This result is consistent with the past reports
demonstrating discrepancy between mRNA and protein levels of
AdipoR2 in leukocytes?*2. Control experiments have revealed
that AdipoR1 and AdipoR2 mRNA levels are reduced by >65%
as evaluated by real-time reverse transcription-PCR analysis
(Fig. 5d). We found that specific knockdown of AdipoR1, but not
of AdipoR2, attenuated suppression of adiponectin-induced
IL-17A gene expression in dermal y3-T «cells (Fig. 5e),
indicating that adiponectin suppresses IL-17 synthesis through
AdipoR1 in dermal y8-T cells. Again, IL-2 expression of y8-T
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Figure 5 | Adiponectin negatively regulates IL-17 production from dermal y8~
expression of adiponectin receptors, AdipoR1 and AdipoR2. Mouse heart and li

T cells through AdipoR1. (a) Sorted dermal y3-T cells were analysed for the
ver extract were used as a positive control, respectively. (b,c) Dermal y3-T

cells were pretreated with indicated concentrations of adiponectin for 1h, followed by treatment with IL-18 (10 ng mi~ " and IL-23 (5 ngml =) (b) for

another 24 h, and the supernatant I1L-17 levels were determined using the IL-17

ELISA kit (n=5: cells without IL-1B and IL-23 stimulation, n=6: cells with

IL-1B and IL-23 stimulation), and (e) for another 6 h, and the gene expression levels of IL-17A was determined by quantitative (gPCR) (n = 4: cells without

IL-18 and [L-23 stimulation, n=5: cells with IL-18 and IL-23 stimulation). Data

are mean £ s.e. and are representative of two independent experiments.

(d,e) Dermal y8-T cells were transfected with AdipoR1 or AdipoR2 siRNA or nontargeting control siRNA. After 72 h, y8-T cells were pretreated with
adiponectin (10 pg mi ") for Th, followed by treatment with IL-1p (10ngml~1) and 1L-23 (5ng ml 1) for another 6 h. Messenger RNA expression of (d)

AdipoR1 and AdipoR2 (n=8) and (e) IL-17A (n=4: cells without IL-18 and IL-

cells were examined by qPCR. Data are mean % s.e. and are representative of th
NS, not significant.
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ree independent experiments. Data are analysed by Welch's t-test for b,c.e.
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cells stimulated with IL-1f and IL-23 was not influenced by
treatment with adiponectin (Supplementary Fig. 2b).

Exogenous adiponectin rescues exacerbated dermatitis. To
determine whether the exacerbation of dermatitis in adiponectin-
deficient mice is particularly adiponectin dependent or not,
wild-type and adiponectin-deficient mice were given daily intra-
peritoneal injection of adiponectin (50 pg per day per mouse)®
from 1 day before imiquimod treatment, and the dermatitis
progression and IL-17 expression were examined. Exogenous
adiponectin improved imiquimod-induced dermatitis clinically
and pathologically (Fig. 6a). Disease severity and ear thickness
during imiquimod treatment are shown in Fig. 6b,c. Consistent
with the improvement of the phenotype, exogenous adiponectin
significantly ~ suppressed elevated IL-17 production of
adiponectin-deficient mice (Fig. 6d). On the other hand,
additional adiponectin did not either suppress IL-17 production
or improve dermatitis of wild-type mice (Fig. 6a-d). These results
would suggest that the effect of adiponectin might be elicited
below a certain concentration of adiponectin and that exogenous
adiponectin supplementation could be effective only under the
condition when adiponectin is insufficient, implying the existence
of a plateau concentration that would exert biological effects
in vivo.

Neutralization of IL-17 ameliorates exacerbated dermatitis.
Finally, to assess clinical effectiveness, wild-type and adiponectin-
deficient mice were intraperitoneally injected with high (80 pg) or

a PBS i.p. Adiponectin i.p. c

low (10 pug) doses of anti-IL-17 antibody, and then were applied
imiquimod cream for 6 consecutive days. As shown in Fig. 7a,
adiponectin-deficient mice with low doses of anti-IL-17 antibody
injection revealed no visible phenotypic changes. In contrast,
wild-type mice demonstrated phenotypical improvement with
both low and high doses injection of anti-IL-17 antibody. Disease
severity and ear thickness (lower panel) during imiquimod
treatment are shown in Fig. 7b. Histological presentation was
consistent with these phenotypes. Specifically, epidermal hyper-
plasia and inflammatory cell infiltration were improved in wild-
type mice with both low- and high-dose injections, but in adi-
ponectin-deficient mice with only high-dose injection (Fig. 7c).

Effects of adiponectin on human T cells. To determine whether
obtained murine data are in accordance with human condition,
we collected human skin and subcutaneous samples of psoriasis
patients as well as controls, and compared its adiponectin level.
Notably, adiponectin level of subcutaneous fat was remarkably
decreased in psoriasis patients as compared with healthy controls
(Fig. 8a, left panel). Furthermore, adiponectin levels of skin tissue,
which locate directly above subcutaneous adipose tissue, were also
significantly decreased in psoriasis patients (Fig. 8a, right panel).
Adiponectin level of skin tissue significantly correlated with
that of subcutaneous fat tissue in individual patients (Fig. 8b).
Since conventional CD4- or CD8-positive T cells dominantly
infiltrate the dermis of psoriasis patients and contribute to the
formation of psoriasis plaque, we sought to examine whether
adiponectin actually suppresses IL-17 production by human
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Figure 6 | Exogenous adiponectin improves the psoriasiform dermatitis in Adipo knockout (KO) mice. Wild-type (WT) and Adiponectin knockout
(Adipo KO) mice were given daily intraperitoneal (i.p.) injection of recombinant adiponectin (50 ug per day) from day 1 before imiquimod (IMQ) treatment.
(a) Phenotypical manifestation of WT and Adipo KO mouse back skin induced by IMQ at day 5 with or without exogenous adiponectin administration.
(b) Disease severity (left panel) and ear thickness (right panel) during IMQ treatment. Clinical scores for disease severity were calculated as described in
the Methods. Data are presented as mean £ s.e. (n=4 for each group). *P<0.05 versus Adipo KO mice without adiponectin administration. Data are
analysed by Welch's t-test. (¢) Histological presentation of WT and Adipo KO mouse back skin induced by IMQ at day 5 with or without exogenous
adiponectin administration. Scale bar, 50 um. (d) IL.-17 mRNA expression of WT and Adipo KO mouse back skin induced by IMQ at day 2 with or without
exogenous adiponectin administration. Data are analysed by one-way analysis of variance with Dunnett’s multiple comparison test.
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