
Journal of Dermatological Science 95 (2019) 90–98
Original Article
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A B S T R A C T

Background: Psoriasis is a chronic inflammatory skin disease. Anti-TNFα, IL-17A and IL-23p19 antibodies
are effective for psoriasis. However, the contribution of regulatory T cells (Treg) in their effectiveness
remains to be elucidated.
Objective: We investigated the effects of TNFα, IL-17A and IL-23p19 inhibition on Tregs in imiquimod-
induced psoriasiform dermatitis.
Methods: Psoriasiform dermatitis was induced by imiquimod application on murine shaved back skin for
six days. Mice were treated with anti-TNFα, IL-17A or IL-23p19 monoclonal antibodies every other day
from one day before imiquimod application.
Results: Administration of anti-TNFα, IL-17A or IL-23p19 antibodies improved the clinical score and
downregulated Th17-related cytokines and chemokines, while IL-23p19 antibodies upregulated IL-10
mRNA expression. Anti-IL-17A or IL-23p19 antibody-treated imiquimod-applied mice showed a
significant increase in the number of Foxp3+ IL-10+ Tregs. Recipient mice adoptively transferred with
Tregs derived from donor mice treated with antibodies demonstrated clinical and pathological
improvement in imiquimod-induced psoriasiform dermatitis. Anti-IL-17A or IL-23p19 antibody-induced
Tregs significantly increased the number of Foxp3+ cells and IL-10 expression in imiquimod-induced
psoriasiform dermatitis in recipient mice but anti-TNFα antibody-induced Tregs did not.
Conclusion: Anti-IL-17A or IL-23p19 antibody inhibits the IL-17/IL-23 signaling pathway, and induces
expansion of Tregs and their suppressive capacity in imiquimod-induced psoriasiform dermatitis.
© 2019 Japanese Society for Investigative Dermatology. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Psoriasis is a common chronic inflammatory skin disease
characterized by clinical features of erythematous and scaly
plaques, and pathological features of aberrant hyperproliferation
of keratinocytes and infiltration of neutrophils, affecting approxi-
mately 2–3% of the world’s population. A variety of cells such as
keratinocytes, dendritic cells, Th1 cells, and Th17 cells are involved
in the development of psoriasis and interact with each other
through the production of cytokines [1–3]. The importance of the
interleukin (IL)-17/IL-23 pathways in psoriasis pathogenesis has
Abbreviations: Treg, regulatory T cell; IMQ, imiquimod; IL, interleukin.
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been proven by the efficacy of biologics targeting those cytokines
such as IL-17A {ixekizumab [4] and secukinumab [5]}, IL-17RA
{brodalumab [6]}, IL-12/23p40 {ustekinumab [7]}, IL-23p19
{guselkumab [8], risankizumab [9], and tildakizumab [10]}.

Aside from directly inhibiting key cytokines involved in
psoriasis by biologics, other therapeutic approaches are available.
Topical corticosteroid, topical vitamin D3, and UVB irradiation are
effective for psoriasis. Among them, UVB therapy and topical
vitamin D3 are assumed to exert their therapeutic effect not only
through inhibiting T cell activation but also expanding regulatory T
cells (Tregs) [11–13]. IL-10 has an anti-inflammatory effect,
inhibiting the production of pro-inflammatory cytokines. It is
produced by Treg lymphocytes in addition to macrophages,
dendritic cells, and B lymphocytes [14]. Relative IL-10 deficiency
in serum and skin in patients with psoriasis is an essential factor
in pathogenesis [15]. Furthermore, dysfunction of Treg is
significant n the pathogenesis of psoriasis [16]. Indeed, we recently
demonstrated that the vitamin D3 analog, maxacalcitol,
ier B.V. All rights reserved.
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ameliorated imiquimod (IMQ)-induced psoriasiform skin inflam-
mation on mice by inducing functional Tregs and suppressing IL-17
responses [17]. Additionally, previous clinical studies indicated
that therapies such as UVB irradiation and topical vitamin D3
induced expansion of Tregs, which resulted in long-term remission
[18–20]. However, the effect of IL-17 or IL-23 inhibition by
antibodies on Treg function and expansion has not been clarified
yet.

We previously reported that inhibition of tumor necrosis factor
(TNF)-α [21] or IL-17A [22] by antibodies was effective for IMQ-
induced psoriasiform skin inflammation on mice. However, we
have not examined the detailed mechanism including the
induction and function of Tregs. In this study, we investigated
the effect of IL-17, IL-23 and TNF-α inhibition on the induction and
function of Tregs using the IMQ-induced psoriasiform mouse
model.

2. Materials and methods

2.1. Mice

BALB/c mice were obtained from Sankyo Labo Service
Corporation (Tokyo, Japan). All mice for experiments were 6-
to 10-week-old females and were maintained in specific
pathogen-free conditions at the animal facility of Teikyo
University School of Medicine. This study was approved by the
Animal Research Committee of Teikyo University School of
Medicine (Number 17-015).

2.2. Reagents

Goat anti-mouse CD3e (M-20) was obtained from Santa Cruz
Biotechnology (Santa Cruz, CA). Purified rat IgG2a,k, biotinylated
rat anti-mouse MHC-class II (IA + IE) monoclonal antibody (mAb),
purified or PE-conjugated rat anti-mouse/rat Foxp3 mAb, bio-
tinylated anti-rat IgG, and HRP-conjugated streptavidin were
purchased from Thermo Fisher Scientific (Waltham, MA). Goat IgG
and biotinylated anti-goat IgG were obtained from Vector
Laboratories (Burlingame, CA). Ultra-LEAFTM purified anti-TNFα
(MP6-XT22), IL-17A (TC11-18H10.1) and IL-23p19 (MMp19B2)
mAbs, rat IgG1,k (RTK2071, control for anti-TNFα and IL-17A
mAbs), and mouse IgG2b,k (MPC-11, control for anti-IL-23p19
mAb), Alexa-647-conjugated anti-mouse CD4, IL-10 and CCR8,
FITC-conjugated anti-mouse CD3 and CXCR3, PerCP/Cy5.5-conju-
gated anti-mouse CD4, PE-Cy7-conjugated anti-mouse CCR6 and
BV-421, and conjugated anti-mouse CD25 were purchased from
BioLegend (San Diego, CA).

2.3. Development of IMQ-induced psoriasiform dermatitis and
injection of antibodies

To induce psoriasiform dermatitis, 5% IMQ cream (beselna
cream; Mochida Pharmaceuticals, Tokyo, Japan) was applied
to the shaved back skin once a day for six consecutive
days (days 0–5). Mice were intraperitoneally injected with
100 mg neutralizing antibodies to cytokines or control IgG
every other day from one day before imiquimod application
until day 3. A blinded investigator performed daily evaluations
for clinical severity scoring based on the Psoriasis Area and
Severity Index (PASI). To be precise, erythema, scaling, and
thickening were each scored independently on a scale from 0
to 4 (0, none; 1, slight; 2, moderate; 3, marked; 4, very marked),
and the sum of the scores was used as the total clinical score
(scale 0–12) [23].
2.4. Histological analyses

Infiltrating inflammatory cells were counted in five random
grids per section under fields (x400). Epidermal thickness was
measured using the Olympus cellSense Standard software
(Olympus, Tokyo, Japan).

2.5. Quantitative real-time PCR (q-PCR)

Total RNA was isolated from day 2 mouse back skin samples
using RNeasy Fibrous Tissue Mini-Kit (Qiagen, Valencia, CA), and
cDNA was synthesized using ReverTra Ace1 qPCR RT Master Mix
(ToYoBo, Osaka, Japan). Gene expression in murine skin was
quantified using the THUNDERBIRD1 Probe qPCR Mix (ToYoBo,
Osaka, Japan). Primers were available from Thermo Fisher
Scientific (primers for IL-17 F, IL-22, IL-23p19, IL-12p40, and IL-
6) and Integrated DNA Technologies (primers for IL-17A, IL-10, IL1β,
TNFα CXCL-1, CXCL-2, Lipocalin-2, and GAPDH) (San Diego, CA). All
samples were analyzed with technical duplicates and parallel for
GAPDH gene expression as an internal control. The relative
expression levels of each gene were determined by the 2–DDCT

method.

2.6. Cell preparation and flow cytometric analysis

Murine inguinal lymph nodes were prepared from day 6
samples and minced through a 70 mm mesh to obtain single cell
suspensions. Skin samples were incubated in 2 U/ml Dispase
(Thermo Fisher Scientific) for 90 min, and were separated into
epidermis and dermis. Dermis was minced, and then incubated
with 2 mg/ml of collagenase type 2 (Worthington, Lakewood, NJ)
for 30 min. The digested tissues were centrifuged, resuspended in
PBS, and filtered through a 70 mm mesh. Single cell suspensions
were stained with fixable viability dye (BioLegend, San Diego, CA),
cell surface antibodies, then fixed and permeabilized using Foxp3/
Transcription Factor Staining Buffer Set (Thermo Fisher Scientific),
and stained with antibodies for intracellular staining. For IL-10
producing Treg analysis, isolated lymph node single cells (2 � 106

cells/ml) were resuspended in RPMI 1640 medium (NACALAI
TESQUE, INC., Kyoto, Japan) with 10% fetal bovine serum (Sigma-
Aldrich, St. Louis, MO) complemented with antibiotic-antimycotic
mixed solution (NACALAI TESQUE, INC., Kyoto, Japan) in the
presence of LPS (10 mg/ml; NACALAI TESQUE, INC., Kyoto, Japan),
monensin and PMA-ionomysin cocktail (BioLegend, San Diego, CA)
for four hours at 37℃ according to the manufacturer’s instructions.
Thereafter, the cells were analyzed by FACS Aria IIIm flow cytometer
and FlowJo v10 software (Becton Dickinson, San Jose, CA).

2.7. CD4+CD25+Treg cell isolation and adoptive transfer

Anti-cytokines mAb- or control IgG-injected mice receiving
IMQ application were sacrificed on day 6, and their inguinal lymph
nodes were extracted. Single cell suspensions from the lymph
nodes were generated by gentle dissection and filtered through a
70 mm mesh. The CD4+CD25+ Tregs were purified by MACS
separation (Miltenyi Biotec, Bisley, Germany). 1 �106

CD4+CD25+Tregs were intravenously injected into BALB/c mice.
Adoptive transfer of CD4+CD25�cells was also performed on other
recipient mice as a control. After two days, IMQ cream was
applied on the shaved dorsal murine skin for six consecutive days
(days 0–5), with daily assessments for clinical severity scoring.
Two days after the initial application of IMQ (day 2), mRNA was
extracted from the skin of mice as described above for qPCR. Skin
samples of mice at day 6 were obtained for histological analyses.
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2.8. Statistical analyses

Data were obtained from three independent experiments. They
are presented as mean � standard error (SEM). One-way analysis of
variance (ANOVA) with Bonferroni’s post-test was used for
multiple comparisons. Statistical significance was set at p values
< 0.05 (* p < 0.05, ** p < 0.01).

3. Results

3.1. Anti-TNFα, IL-17A and IL-23p19 mAbs reduced psoriasiform
inflammation clinically and pathologically

Mean clinical severity scores and representative data at day 6
are shown in Fig. 1. There was no significant difference in the total
clinical score among antibodies-injected mice without IMQ
treatment (Fig. 1B). IMQ-treated mice and IMQ-treated mice
injected with control IgG showed greatly increased scores in
erythema, scaling and skin thickening as IMQ application was
repeated, whereas anti-TNFα, IL-17A or IL-23p19 mAb-injected
mice with IMQ application had significantly reduced increase in
severity scores at days 4–6.

H&E staining revealed that IMQ-treated mice and IMQ-treated
mice injected with control IgG showed intense infiltration of
inflammatory cells, and that anti-cytokines mAb injection sup-
pressed infiltration of inflammatory cells (Supplementary Fig. 1A).
The total number of infiltrating inflammatory cells and epidermal
thickness were significantly lower and thinner, respectively, in
IMQ-treated mice with anti-cytokines mAb injection than in IMQ-
treated mice with control IgG injection (Supplementary Figs.1B, C).
Immunohistochemical staining revealed that anti-TNFα, IL-17A or
IL-23p19 mAb injection significantly suppressed infiltration of
CD3+T cells and MHC Class II+antigen-presenting cells in IMQ-
induced psoriasiform dermatitis (Supplementary Figs. 2A, 3A).
Anti-cytokines mAb injection significantly reduced the numbers of
infiltrating CD3+cells (Supplementary Fig. 2B) and MHC-II+cells
(Supplementary Fig. 3B) compared to those in control IgG-injected
Fig. 1. Clinical effects of anti-cytokines monoclonal antibody (mAb) or control IgG
on imiquimod (IMQ)-induced psoriasiform dermatitis. Antibodies-injected BALB/c
mice were given daily applications of IMQ on the back skin as described in the
Materials and Methods. (A) Clinical pictures showing the shaved back skin of
antibodies-injected mice with or without IMQ treatment. (B) The total clinical
scores of each group of mice. The data were obtained from three independent
experiments. In each experiment, each group contained two mice (n = 6). The data
are shown as mean � SEM. ** p < 0.01 (ANOVA with Bonferroni’s post-test).
mice. These findings indicate that anti-TNFα, IL-17A and IL-23p19
mAbs significantly reduced dermal infiltration of inflammatory
cells, consequently improving IMQ-induced psoriasiform derma-
titis clinically and histologically.

3.2. Anti-TNFa, IL-17A and IL-23p19 mAbs downregulated psoriasis-
related cytokines and Anti-IL-23p19 mAb increased IL-10 gene
expression in IMQ-treated murine psoriasiform dermatitis

We next studied the effect of anti-TNFα, IL-17A or IL-23p19 mAb
injection on psoriasis-related cytokine mRNA expression. The
results are shown in Fig. 2. The mRNA levels of IL-17A were
significantly lower in IMQ-applied mice treated with anti-
cytokines mAb than in IMQ-applied mice treated with control
IgG. IL-17 F expression was significantly reduced in anti-IL-17A or
IL-23p19 mAb-injected mice compared to control IgG-injected
mice, while there was no significant difference in IL17 F mRNA
expression between anti-TNFα mAb-injected mice and control IgG-
injected mice. Anti-TNFα or IL-23p19 mAb injection markedly
reduced the mRNA expressions of IL-1β and one of the antimicro-
bial peptides, lipocalin-2, whereas anti-IL-17A mAb injection did
not. CXCL-2 expression significantly decreased in only anti-IL-
23p19 mAb-injected mice. Although IL-22, IL-23p19, IL-12p40,
CXCL-1 and IL-6 expressions tended to be lower in anti-cytokines
mAb-injected mice than in control IgG-injected mice, there were
no significant differences. Interestingly, IL-23p19 mAb adminis-
tration significantly increased IL-10 expression and IL-17A
administration tended to increase IL-10 expression, while anti-
TNFα mAb did not.

3.3. Tregs are induced in Anti-IL-17A and IL-23p19 mAb-injected IMQ-
treated mice

In order to examine whether increased IL-10 expression in anti-
IL-23p19 or IL-17A mAb-injected mice treated with IMQ is due to
Treg induction, we examined Foxp3+Treg infiltration in each
treatment group. Immunohistochemical staining showed that
anti-IL-23p19 or IL-17A mAb injection but not anti-TNFα mAb
injection induced significantly increased numbers of Foxp3+cells
infiltrating to IMQ-treated skin compared to control IgG injection
(Fig. 3A and B). Flow cytometric analyses showed that the
proportion of CD25+Foxp3+Tregs in CD3+CD4+T cells in inguinal
lymph nodes of anti-IL-23p19 or IL-17A mAb-treated mice
increased whereas that of anti-TNF-α mAb-treated mice was
comparable with that of isotype IgG-treated mice. (Supplementary
Figs. 4A, B). In the skin, the proportion and count of CD25+Foxp3+-

Tregs in CD3+CD4+T cells of anti-cytokines mAb-treated mice
increased compared with that of isotype IgG-treated mice
(Supplementary Figs. 4A, C, D). The proportion of IL-10 producing
cells in CD3+CD4+CD25+Foxp3+Tregs derived from inguinal lymph
nodes of anti-TNFα Ab-injected mice was comparable with that of
those cells derived from inguinal lymph nodes of control-IgG-
injected mice, whereas those cells derived from inguinal lymph
nodes of anti-IL-17A or IL-23p19 mAb-injected mice showed
increased proportion of IL-10 producing cells (Supplementary
Figs. 4E, F). These findings indicate that anti-IL-23p19 or IL-17A
mAb administration induced functional Tregs which have an
immunosuppressive effect by producing IL-10 in the lymph nodes,
whereas anti-TNFα mAb did not.

Recent reports have identified many subpopulations of
CD4+CD25+Foxp3+Tregs such as Th1-like Treg expressing CXCR3,
Th2-like Treg expressing CCR8, and Th17-like Treg expressing CCR6
[24,25]. We investigated expression of those molecules on the
surface of Tregs in the lymph nodes of IMQ-applied mice treated
with anti-cytokines mAb (Supplementary Fig. 4E, G). The
percentage of Tregs expressing CCR6 in the lymph nodes of



Fig. 2. Quantitative real-time PCR analyses of inflammatory cytokines, interleukin (IL)-10, chemokines and antimicrobial peptide in IMQ-treated skin of mice injected with
anti-cytokines mAb. mRNA levels were determined at day 2 by quantitative real-time PCR for IL-17A, IL-17 F, IL-22, IL-23p19, IL-12p40, IL-6, IL-10, IL-1β, CXCL-1, CXCL-2,
Lipocalin-2, normalized to GAPDH, and are expressed as fold induction relative to that of control. The data were obtained from skin samples of three independent
experiments. In each experiment, each group contained two mice (n = 6). Values are presented as means � SEM. * p < 0.05, ** p < 0.01 (ANOVA with Bonferroni’s post-test).
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IMQ-applied mice treated with anti-TNFα mAb was significantly
lower compared with those treated with control IgG whereas the
percentage of those treated with anti-IL-23p19 mAb was
significantly higher compared with those treated with control
IgG. No significant differences were observed in the percentages of
Tregs expressing CXCR3 or CCR8 among all groups (data not
shown).

3.4. Tregs derived from anti-cytokines mAb-injected mice ameliorate
psoriasiform dermatitis

In order to further investigate the suppressive effects of Tregs
induced by anti-cytokines mAb injection, we performed adoptive
transfer experiments. Donor mice were treated with anti-
cytokines mAb and IMQ as described above. On day 6,
CD4+CD25�cells (control) and CD4+CD25+cells (Treg) isolated from
the inguinal lymph nodes of donor mice were injected intrave-
nously into recipient mice which were subsequently treated with
IMQ cream for six consecutive days. Among IMQ-applied recipient
mice, mice adoptively transferred with Tregs derived from anti-IL-
17A or IL-23p19 mAb-injected donor mice showed significantly
reduced clinical scores compared with those in mice adoptively
transferred with control cells “from day 400, whereas mice
adoptively transferred with Tregs derived from anti-TNFα mAb-
injected donor mice showed significantly reduced clinical scores
compared with those in mice adoptively transferred with control
cells “from day 500 (Figs. 4A, B).

Pathological assessment revealed that recipient mice adoptive-
ly transferred with Tregs derived from anti-TNFα, IL-17A or IL-
23p19 mAb-injected donor mice demonstrated significantly
reduced numbers of inflammatory cells infiltrating in the skin
(Supplementary Figs. 5A, B) and showed decreased epidermal
thickness (Supplementary Fig. 5C) compared with those in mice
adoptively transferred with control cells. Recipient mice adoptive-
ly transferred with Tregs from mouse control IgG-injected donor
mice also tended to show reductions in the number of infiltrating
inflammatory cells and epidermal thickness. Recipient mice
adoptively transferred with Tregs from anti-TNFα or IL-17A
mAb-treated donor mice demonstrated decreased numbers of
CD3+ (Supplementary Figs. 6 A, B) and MHC-II+ (Supplementary
Figs. 7A, B) cells, whereas recipient mice adoptively transferred
with Tregs from anti-IL-17A or IL-23p19 mAb-treated donor mice
showed an increased number of Foxp3+cells infiltrating into IMQ-
induced psoriasiform skin (Fig. 5A, B).

qPCR analyses revealed significant IL-17A, IL-17 F and IL-22
downregulation in the skin of recipient mice adoptively



Fig. 3. Foxp3+ cell infiltration in IMQ-induced psoriasiform skin of mice injected with anti-cytokines mAb or control IgG. (A) Immunohistochemical staining for Foxp3+ cells
was performed on skin sections at day 6 of IMQ treatment. (B) The Foxp3+-infiltrating dermal inflammatory cells were counted in five random grids per section under x400
high-power field. The data are shown as mean � SEM of samples pooled from three independent experiments. In each experiment, each group contained two mice (n = 6). **
p < 0.01 (ANOVA with Bonferroni’s post-test).
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transferred with Tregs from anti IL-23p19 mAb-treated donor
mice compared with the control mice. The results are shown in
Fig. 6. Although those adoptively transferred with Tregs from
anti-TNFα or IL-17A mAb-treated donor mice showed that mRNA
expression of those cytokines had a tendency to be down-
regulated, there were no statistically significant differences
between those mice and control mice. Consistently, recipient
mice adoptively transferred with Tregs from anti-IL-17A or IL-
23p19 mAb-treated donor mice demonstrated a significant
increase in IL-10 mRNA expression in IMQ-induced psoriasiform
dermatitis. As for mRNA expression of IL-23p19, IL-12p40, TNFα
and IL-6, there were no significant differences among the
groups. These results indicate that in addition to inhibition of
psoriasis-related cytokines by administration of anti-IL-17A or
IL-23p19 mAb, Treg induction and IL-10 production also
contribute to improvement of IMQ-induced psoriasiform
dermatitis.
4. Discussion

In this study, we demonstrated that administration of anti-
TNFα, IL-17A or IL-23p19 mAb improved IMQ-induced psoriasis
dermatitis in a mouse model clinically and histologically, through
reduction of Th17-related cytokines expression, which is compati-
ble with previous reports using other murine psoriasis model
[21,22,26] and clinical data of biologics in human [4–8,10].

Several papers reported that Tregs increased in peripheral
blood or skin lesions in psoriasis [27,28], while a few studies
reported that Tregs decreased in psoriasis [29]. Recent studies
indicate that the number of Tregs in the skin lesion increases,
whereas the suppressive functions of Tregs are impaired in
psoriasis [30–32]. In addition, Jin et al. reported that IL-10-
deficient mice treated with IMQ showed exacerbated
inflammation compared with wild type mice [33], suggesting
that endogenous IL-10 has the suppressive function in this



Fig. 4. Clinical effects of IMQ application on recipient mice adoptively transferred
with CD4+CD25+ Tregs or control cells derived from anti-cytokines mAb- or control
IgG-treated donor mice. Donor mice given daily applications of IMQ with antibodies
as described in the Materials and Methods were sacrificed at day 6. For adoptive
transfer, control cells (CD4+CD25� cells) and Tregs (CD4+CD25+ cells) were obtained
from the inguinal lymph nodes of donor mice. Those cells were adoptively
transferred to recipient mice followed by IMQ treatment for 6 days. (A) Clinical
pictures showing the shaved back skin of recipient mice treated with IMQ for 6 days.
Results are representative of at least three separate experiments. (B) The total
clinical scores are shown for each group of mice. The data are shown as mean � SEM
of three independent experiments. In each experiment, each group contained two
mice (n = 6). ** p < 0.01 (ANOVA with Bonferroni’s post-test). Treg: CD4+CD25+ cells;
Ctrl: CD4+CD25� cells.
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IMQ-induced psoriasiform dermatitis model. Considering them
together, contribution of endogenous IL-10-producing Tregs to
psoriasis is indicated. Similar to the previous literature, our
experiments showed that IMQ application increased Foxp3-
positive cells in skin sections, while it did not increase IL-10
mRNA expression. Furthermore, flow cytometric analysis
revealed that IMQ application significantly increased the
number of Tregs in lymph nodes of mice (data not shown)
whereas it did not increase the number of IL-10-producing Tregs
in the skin. As for the impact of anti-cytokines mAbs on Treg
induction and restoration of their function, Maxwell et al.
reported that in a mouse model of colitis IL-23 inhibition by
anti-IL-23p19 mAb enhanced Tregs accumulation and reduced
colonic inflammation [34]. Likewise, the results of our experi-
ments using the mouse model of psoriasis demonstrated that in
the IL-23p19 mAb-treated mice, IL-10 mRNA expression in the
skin, the number of Tregs in the lymph nodes and the skin, and
the number of IL-10-positive cells in the skin significantly
increased compared with those in control IgG-treated mice.
Furthermore, treatment with anti-IL-23p19 mAb had a
slightly greater effect on functional Treg induction than
treatment with IL-17A, which might indicate that IL-23p19 is
located more upstream in the IL-17/IL-23 signaling pathway in
the pathogenesis of psoriasis. These results suggest that
administration of anti-IL-17A or IL-23p19 mAb should promote
Tregs expansion and restoration of their suppressive activity.
However, further investigations are necessary to clarify its
detailed mechanism.

To prove the above hypothesis, we performed adoptive
transfer of CD4+CD25+Tregs from lymph nodes of IMQ-applied
mice treated with anti-cytokines mAb into recipient mice. The
recipient mice adoptively transferred with Tregs from antibody-
administered donor mice showed clinical and histological
amelioration of IMQ-induced psoriasiform dermatitis. In addi-
tion, the recipient mice adoptively transferred with Tregs derived
from anti-IL-17A and IL-23p19 mAb-injected donor mice, had
increased IL-10 mRNA expression and increased number of
Foxp3-positive cells, although to what extent Tregs induced by
those antibodies in donor mice contributed to increased Tregs in
recipient mice is unclear. Interestingly, recipient mice adoptively
transferred with Tregs derived from the anti-TNFα antibody-
treated donor mice, had no significant increase in Tregs. A
previous study indicated that TNFα plays an important role in
activation and expansion of Treg [35]. Blockade of TNFα by anti-
TNFα mAb administration might have hindered activation and
expansion of Tregs. The therapeutic effect of anti-TNFα mAb on
psoriasis may be obtained only by inhibiting the key cytokine
without Treg induction and restoration of their suppressive
function, whereas that of anti-IL-17 or IL-23p19 mAb is gained by
inhibiting the key cytokine and possible contribution of Treg
induction and restoration of the function. Paradoxical reactions
induced by inhibition of TNFα could be accounted for by this
hindered activation and expansion of Tregs.

Results in Fig. 5 showed that the number of Tregs infiltrating
the skin of recipient mice adoptively transferred with Tregs
derived from anti-TNFα Ab-treated donor mice did not increase
compared with control, while IMQ-induced dermatitis was
alleviated in those mice. Based on results of clinical improvement
by adoptive transfer of Tregs derived from TNFα-treated donor
mice, we can only say that those adoptively transferred Tregs
have the capacity to alleviate the dermatitis “via unknown
mechanism” and that it is not due to increased number of Tregs at
day 6. We speculate that Tregs derived from anti-TNFα Ab-treated
donor mice also have the capacity to suppress expression of IL-17,
IL-22, and/or IL-23, which is supported by the results in Fig. 6 that
mRNA expressions of those cytokines at day 2 tended to decrease
although statistically significant differences were not observed.
However, the capacity and function of Tregs derived from TNFα-
treated donor mice might be somewhat impaired and not fully
restored, at least compared with Tregs derived from anti-IL-17A
or IL-23p19 Ab-treated donor mice. Those subtle difference might
account for the slight difference of clinical score and the number
of Tregs at day 6, for example, because they might not be able to
survive until day 6. Although Tregs derived from anti-TNFα Ab-
treated donor mice were not increased at “day 600, Tregs might
increase or play an inhibitory role at earlier day. (We did not
evaluate the number of infiltrating inflammatory cells into the
skin at earlier days, since its number is usually too small to
evaluate.)

Our data demonstrated that inhibition of IL-23 or IL-17 in
murine IMQ-induced psoriasiform dermatitis model induced Treg
expansion whereas inhibition of TNFα did not. As for its possible
mechanism, Bovenschen et al. showed that Foxp3+Tregs of
psoriasis patients easily differentiated into IL-17A-producing
cells under the stimulation of IL-23 [36]. Maxwell et al. reported
that in an Abcb1a(-/-) mouse model of colitis, IL-23 inhibition
enhanced Treg accumulation which resulted in attenuated
disease by decreasing colonic inflammation [34]. Furthermore,
accumulating evidences indicate plasticity of Treg and IL-17
producing cells [37–39]. In psoriasis, inhibition of IL-23 might
restore impaired Treg or promote differentiation of IL-17



Fig. 5. Foxp3+ cells infiltrating into IMQ-induced psoriasiform skin after adoptive transfer. (A) Representative images of immunohistochemical staining for Foxp3+ cells on
skin sections at day 6 of IMQ treatment (magnification, x400). (B) The dermal Foxp3 + cells were counted in five random grids per section under x400 high-power field. The
data are shown as mean � SEM of samples pooled from three independent experiments. In each experiment, each group contained two mice (n = 6). * p < 0.05, ** p < 0.01
(ANOVA with Bonferroni’s post-test).
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producing cells to Treg. The mechanism of Treg induction by anti-
IL-17 mAb is unknown. Our data showed that IL-23p19 mRNA
expression in mice treated with anti-IL-17 mAb tended to
decrease, which suggests that inhibition of IL-17 might have
resulted in decrease of IL-23 then led to Treg induction.
Meanwhile, as for inhibition of TNFα, Chen et al. demonstrated
that interaction of TNF with TNF receptor type 2 promoted
expansion and function of murine CD4+CD25+Tregs [40]. Their
data support that inhibition of TNFα did not induce Treg
expansion in our results.

In summary, our results suggest that anti-IL-17A or IL-23p19
mAb treatment not only inhibits the IL-17/IL-23 signaling pathway,
which is important for the development of psoriasis, but also
induces expansion of Tregs and activation of their suppressive
capacity.
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