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Abstract: To investigate the role of dermal Vy,yd T cells in psoriasis-like skin inflammation induced by a re-challenge
with imiquimod (IMQ), we compared the development of dermatitis induced by topical application of IMQ in primary
challenged mice and re-challenged mice. We also compared the development of dermatitis induced by IMQ between
re-challenged control mice and Vy, depleted re-challenged mice that had been initially subjected to IMQ-induced
dermatitis 30 prior. We found that the IMQ-induced dermatitis was exacerbated in the re-challenged group com-
pared with the primary challenged group and the Vy,” depleted re-challenged group. In addition, the Vy,yd T cells
increased in number and secreted more IL-17A, y-IFN and IL-22 in the re-challenged control group compared with
the primary challenged group. However, in the Vy, depleted re-challenged group, the Vy,yd T cells increased in
number and produced more IL-17A and IL-22 compared with re-challenged control mice. These findings suggest
that dermal Vy,"yd T cells enhance relapsing psoriasis-like skin inflammation induced by IMQ in C57BL/6 mice by
secreting IL-17A and y-IFN.
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Introduction

Psoriasis is a relapsing inflammatory skin dis-
ease that affects 2-3% of the population world-
wide and is characterized by erythema and
scaly plaques over the skin surface. The main
pathological changes that occur in psoriasis
are the proliferation and differentiation of epi-
dermal keratinocytes and the infiltration of
inflammatory cells in skin tissues. The patho-
genesis of psoriasis is still not fully understood.
Previous studies have shown that psoriasis is
an autoimmune disease associated with acti-
vated T cells. Moreover, recent studies have
established that IL-17A-producing yo T cells (y0
T47 cells) play a critical role in psoriasis [1-3].

There are six IL-17 family members, IL-17A
through IL-A7F. IL-17A (also commonly called
IL-17) is involved in the development of autoim-
mune inflammatory diseases, including human
psoriasis and models of psoriasis induced by

imiquimod (IMQ) or IL-23 [4, 5]. In addition, pso-
riasis-like skin inflammation is decreased in
IL-17-/- mice, and an IL-17 neutralizing antibody
has been tested in stage lll clinical trials for the
treatment of plaque-type psoriasis in human.
These results indicate that IL-17 plays a central
role in the development of psoriasis [6, 7]. IL-17
cytokines, especially IL-17A, are produced by yd
T cells, which are a tiny subset of T cells and the
main source of IL-17A in both the physiological
state and some diseases [7-9]. In psoriasis
lesions, yo T cells are increased in humber and
produce a large mount of IL-17A [10]. In mouse
skin, epidermal yd T cells are called dendritic
epidermal T cells, and 98% of these cells are
Vy," T cells. Dermal yd T cells consist of Vy,*,
Vy,* and Vy,Vy, subpopulations and are the
mayor source of IL-17A following IL-23 stimula-
tion [11]. To conveniently describe the functions
of the Vy, " and Vy, Vy, subpopulations, they are
collectively known as Vy," cells in later sections.
Recent studies have shown that Vy,* cells are a
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subset of yd T cells and play a critical role in
IMQ-induced psoriasis-like skin inflammation
via production of IL-17A [12, 13].

Previous studies have demonstrated that IFN-y
can initiate and enhance psoriasis by promot-
ing the activation and proliferation of keratino-
cytes [14-16]. There are reports that yo T cells
in the draining lymph nodes and spleen pro-
duce IFN-y in IMQ-induced psoriasis-like skin
inflammation [17]. However, it remains unclear
whether dermal Vy,*yd T cells secrete the IFN-y.
The psoriasis-like skin inflammation induced by
IMQ is reduced in IL-22-deficient mice and in
mice treated with IL-22 neutralizing antibody,
indicating that IL-22 is responsible for psoria-
sis-like lesions in the mouse IMQ model [18,
19]. yO T cells in the lymph nodes and spleen
have been reported to secrete IL-22 [19]. Here,
we detected the IFN-y and IL-22-producing Vy,*
cell in the dermis.

Previous report shave established that IL-23 is
required for the differentiation and survival of
IL-17-producing cells in the model of psoriasis-
like dermatitis induced by IMQ, a Toll-like recep-
tor ligand that is used as a model to elucidate
developmental mechanism of psoriasis and to
evaluate the efficacy of new treatments [20-
22]. In the IMQ-induced psoriasis-like skin in-
flammation model, the number of IL-17A-pro-
ducing Viy," cells is increased, and these cells
exhibit long-lived memory at least 3 months
after initial stimulation with IMQ [23]. However,
few studies have examined whether innate-
memory Vy,* cells exacerbate IMQ-induced
psoriasis-like dermatitis. Though recent stud-
ies have reported that memory Vy,* cells rapid-
ly respond to repeated exposure to the same
stimulus and enhance the dermatitis induced
by IMQ re-challenge [23, 24], the site of topical
IMQ application in these studies was on the
ear. Using the mouse ear, rather than the back
skin, to study psoriasis-like dermatitis prevents
full observation of the erythema and the scaly
plaques that are the representative of psoria-
sis. Moreover, it has not previously been report-
ed that dermal Vy, cells produce IL-17A, IFN-y
and IL-22 in Vy, depleted re-challenged mice or
that dermal Vy," cells secrete IFN-y and IL-22 in
primary challenged and re-challenged control
mice.

Here, we compared the dermatitis induced by
IMQ cream in a primary challenged group with
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that of a re-challenged control group and a Vy,’
depleted re-challenged group. We found that
dermal Vy,'T cells were increased in number
and were the major source of IL-17A in the re-
challenged group. In addition, the dermal Vy, T
cells secreted low amounts of IFN-y and IL-22 in
both the re-challenged control group and the
Vy, depleted re-challenged group. However,
the IL-17A and IL-22-secreting Vy, cells were
increased in Vy,  depleted re-challenged group.

Materials and methods
Animals

C57BL/6J (B6) mice (female, 6 to 8 weeks old)
were purchased from the Experimental Animal
Department of the Third Military Medical
University. All experiments were approved by
the Institutional Animal Care and Use Com-
mittee of Third Military Medical University. The
mice were kept under specific pathogen-free
conditions before the experiments began, and
the animals were housed in the Institute of
Burn Research of South west Hospital, where
the experiments were conducted.

IMQ-induced psoriasis-like skin inflammation
model

The induction of psoriasis-like skin inflamma-
tionby IMQ was performed as previously
described [20]. To first induce dermatitis, mice
at 6 to 8 weeks of age received a daily topical
dosesof 60.0 mg of commercially available IMQ
cream (5%) (Aldara; 3 M Pharmaceuticals) on
the shaved back for 6 days. The animals were
then housed separately in plastic cages until
the experiments were repeated.

Invivo Vy,'T cell depletion

After 28 days, the animals that had been sub-
jected to IMQ-induced psoriasis-like skin infla-
mmation were randomly divided into two gro-
ups. In one group, the mice were depleted of
Vy,'T cells by an intraperitoneal injectionof 200
ug of a hamster anti-Vy, UC3 monoclonalanti-
body (BioXCell) diluted in 200 ul of PBS on day
28 and day 30. The mice in the second group
were injected with the same volume of PBS and
regarded as the control group.

Scoring the severity of skin inflammation

The clinical Psoriasis Area and Severity Index
(PASI) was used to directly measure the severi-
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ty of inflammation on the back skin of mice, and
the scores were determined as previously
reported [20]. The erythema, scaling, and thick-
ening scores were individually determined
based on a standard from O to 4:0, none; 1,
slight; 2, moderate; 3, marked; 4, very marked.
The cumulative score, which included erythe-
ma, scaling, and thickening, served as the over
all evaluation of the severity of inflammation
(scale 0-12). To facilitate the scoring, the mice
were photographed each day prior to the appli-
cation of the topical cream.

Preparation of dermal single-cell suspensions

The dermal tissue was digested as previous
described [25]. Skin samples were harvested
from mice wit IMQ-induced psoriasis-like skin
inflammation, and the fascial underneath the
dermal tissue was removed. Next, the skin was
cut into 5 mm x 5 mm pieces and flattened out
on a cell culture dish. The pieces were soaked
in 0.5% trypsin/GNK at 37°C for 1-2 hours, and
the dermis and epidermis were then separated.
The dermis was digested with DMEM contain-
ing 1000 U mlI* collagenase type Il (Worthing-
ton Biochemical) and 0.1% DNasel (Sigma-
Aldrich) for 60 minutes at 37°C. A70-um or
100-um nylon sieve (BD Bioscience) was used
to filter the cell suspensions.

Flow cytometry

Cell in suspensions were stained with the fol-
lowing monoclonal antibodies using a previous-
ly described staining method [13]: anti-TCR yd
(GL3, Tianjin Sungene Biotech, China), anti-
Vy, (UC3-10A6, BD Biosciences), anti-IL-17A-
BVL-421 (BD Biosciences), anti-IL-22-PE (Bio-
legend), and anti-IFN-y-PE (BD Bioscience). For
the cellular surface cytokine staining, the
nonspecific binding sites were blocked with
anti-CD16/32(clone2.4G2; TianjinSungene Bio-
tech, China), and the cells were then incubated
with the antibodies for 30 minutes at room
temperature. To stain intracellular cytokines,
the cells were stimulated with a cell stimulation
cocktail (eBiosicence) for 4 h. The cells were
then stained for surface antigens and then
fixed with BD Cytofix Buffer, permeabilized with
Perm/Wash reagent (BD Biosciences), and sta-
ined with anti-IL-22, anti-IL-17A, and anti-IFN-y.
The cells were analyzed with an Attune Acoustic
Focusing Cytometer (Applied Biosystems, Life
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Technologies, CA, USA), and the data were ana-
lyzed by FlowJo software (Tree Star Incorpor-
ation, USA).

Detection of I-23 expression in psoriasis-like
skin inflammation by western blot

Dermal tissues from mice with psoriasis-like
skin inflammation were obtained as mentioned
in the section above. The dermal tissues were
cut into pieces, weighed, frozen and minced
in liquid nitrogen. Sequentially, lysis buffer
(KeyGEN, China) containing 1% protease inhibi-
tor cocktail, 5% pheny methyl sulphonyl fluoride
and 5% phosphatase inhibitor cocktail was
added. Proteins were extracted from the sam-
ples as previously described [26]. Equal am-
ounts of protein (40 ug) from eachsample was
loaded onto 12% SDS-PAGE gels. The proteins
were first electrophoresed at 80 volts for 25
minutes and then at 100 volts for 70 minutes.
The proteins werethen transferred to a nitrocel-
lulose (NC) membrane (GE, USA) at 200 milli-
amps for 70 minutes. Subsequently, the mem-
brane was incubated in Tris-buffered saline
(TBS) containing 3% bovine serum albumin
(BSA, Biosharp, China) for apporximately 2
hours at room temperature, and the mem-
branes containing proteins with molecular
weights between 15 kDa to 25 kDa and bet-
ween 35 kDa to 40 kDa were incubated with
primary antibodies (anti-IL-23 antibody, 1:1000
dilution, Abcam, UK; anti-GAPDH was used as
an internal control, 1:5000 dilution, Sungene,
China) at 4°C overnight. After shaking 30 min-
utes at room temperature, the membranes
were washed 5 times with TBS containing 1%
Tween-20 on ahorizontal rotator, followed by
incubation with an HRP-labeled secondary anti-
body (1:5000) that corresponded to the prima-
ry antibody (Zhongshan Biology Company, Chi-
na) for 60 minutes at room temperature. The
membranes were then washed as described
above. Using HRP-ECL chemiluminescent solu-
tion (Thermal Scientific, USA), the bound pro-
teins were detected by the ChemiDoc TM XRS
western blot detection system (Bio-Rad, USA).

Immunohistochemistry
To determine the key cytokines involved in pso-

riasis intiation and development in the dermal
tissue, IL-23 was detected by immunohisto-
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Figure 1. Psoriasis-like skin inflammation is exacerbated in mice upon re-challenge with IMQ. Psoriasis-like skin inflammation was induced in mice by IMQ cream,
and the mice were re-challenged with IMQ 30 days later. Meanwhile, mice of the same weight were also subjected to induced dermatitis under the same conditions.
A. Presentation of mouse back skin before treatment and phenotypical presentation after treatment on day 3 and 6. B. Erythema, scaling, and thickness of the back
skin were assessed according to PASI, and the cumulative score (erythema plus scaling plus thickness) is depicted. Symbols indicate the mean score of eight mice
per group. C. H&E staining of the back skin before treatment and after treatment on day 3 and 6. D. The back skin thickness was determined in H&E-stained tissue
by Image J software; the bars represent the mean + SEM for at least three mice per group.
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Figure 2. The number of Vy,"yd T cells in dermal tissue. A. Vy,"yd T cells were measured in a suspension of digested
dermal cells from mice with psoriasis-like skin inflammation on day O, 3 and 6, gated on total T cells. B. The percent
of Vy,yd T cells and yd T cells on different days. The values were calculated as the mean + SEM (n=3), **p<0.01,

*%40<0.001.

chemical staining. Paraffin sections were dried
at 67°C and rehydrated. The sections were
washed with PBS, incubated in a 95°C-99°C
water bath for 18 min, washed again with PBS
and incubated in 3% H,0O, for 15 minutes. The
sections were then washed 3 times with PBS
and blocked with 10% normal goat serum
(Zhongshan Biology Company, China) for 1 h at
room temperature. The primary antibody (anti-
IL-23 antibody ab189300, 1:1000 dilution, Ab-
cam, UK) was then incubated with the tissue
overnight at 4°C. The sections were incubated
at room temperature for 30 minutes, washed 3
times with PBS, and incubated with biotinylat-
ed goat anti-rabbit 1gG antibody and avidin
peroxidase reagent (Zhongshan Biology Com-
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pany, China) according to the manufacturer’'s
protocol.

The chromogenic agent was diaminobenzidine
solution. Mayer’s hematoxylin (Bosterbio,China)
was used to counterstain the cell nucleus, and
the sections were photographed using an opti-
cal microscope (CTR6000, Leica, Germany).

Statistical analysis

The PASI scores were evaluated by two-way
repeated measures ANOUA. Differences
between two sets of data were evaluated by
2-tailed Student’s t-test. Data were presented
as the mean = SD or SEM. P values <0.05 were
considered significant.
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Results

IMQ-induced psoriasis-like skin inflammation
was more serious in re-challenged mice than
in primary challenged mice

To investigate whether psoriasis-like skin in-
flammation is enhanced in mice re-challenged
with IMQ 30 days after the initial induction of
infammation. We compared the severity of
psoriasis-like skin inflammation between pri-
mary challenged and re-challenged mice that
were the same weight. As expected, in this
study, we found that the phenotypic inflamma-
tion of the back skin of the re-challenged mice
was more serious than that of the primary chal-
lenged mice (Figure 1A). We evaluated the PSAI
scores of individual mice in the two groups and
observed that erythema, scaling, and thick-
ness were more serious in the re-challenged
group after day 3 (Figure 1B). Moreover, acan-
thosis, parakertosis and the dermal infiltration
of inflammatory cells were more obvious in the
re-challenged mice than in the primary chal-
lenged mice, as determined by hematoxylin
and eosin (H&E-stained )staining of dermal skin
sections from the two groups (Figure 1C). The
epidermal tissue thickness was also increased
in relapsed mice, as indicated by Image J soft-
ware measurements. These results thus con-
firmed that IMQ-induced psoriasis-like skin
infammation was obviously enhanced in the
re-challenged group compared with the primary
challenged group.

Dermal Vy,'yd T cells rapidly respond to a sec-
ondary challenge with the same IMQ stimulus

Vy,*yd T cells have been demonstrated to play
a pivotal role in the initiation of IMQ-induced
dermatitis [7]; however, the function of dorsal
dermal Vy,’yd T cells in dermatitis upon re-
challenged remained unknown. To count the
dermal Vy,'yd T cells in both the primary
challenged and the re-challenged mice, cell
suspensions were obtained from mice after the
first and second IMQ treatment periods and
measured by FACS. The Vy,’yd T cell numbers
were low in normal skin and increased after the
firstinduction of psoriasis-like skin inflammation
by IMQ beginning at day 3. Furthermore, we
found that the number of Vy,‘yd T cells
increased in dermis tissue from mice treated
with a second round of IMQ compared with
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mice after the first IMQ treatment (Figure 2A).
By contrast, the increase in Vy,yd T cells was
slower in re-challenged mice than in primary
challenged mice (Figure 2B), but the total num-
ber of yd T cells obviously increased in the re-
challenged group (Figure 2B). Interestingly, we
detected that the number Vy,’yd T cells was
significantly reduced in the mice that had only
been initially challenged with IMQ30 days prior
(Figure 2A). These results thus suggested that
Vy,'yd T cells rapidly respond to a secondary
challenge with the same IMQ stimulus.

Dermal Vy,* cells were the major source of
IL-17A and secreted y-IFN and IL-22 upon sec-
ondary challenge

Recently, Vy," cells, a subset of yd T cells, have
been demonstrated to play a role in the patho-
genesis of IMQ-induced psoriasis-like skin
infammation [7], but their role in dermatitis
induced by a secondary IMQ challenge was still
not understood. To characterize the role of Vy,*
cells upon a secondary challenge, the expres-
sion of cytokines was measured by FACS. IMQ
cream was applied on both initial challenged
mice and re-challenged mice. On day 3 and day
6, the mice were killed and single-cell suspen-
sions were prepared for intracellular staining.
In the mice treated with IMQ twice, both the
expression of IL-17A and the proportion of
IL-17A-producing Vy,* cells were significantly
increased on day 3 and day 6 compared with
the mice treated with IMQ once (Figure 3A, 3B).
These results indicated that Vy,* cells were the
major source of IL-17A upon a secondary
challenge.

In addition, previous studies have shown that
IFN-y-producing splenic or thymus yd T cells
play a role in the development of psoriasis [17],
but there was little research regarding IFN-y-
producing dermal Vy,'T cells. We next exam-
ined the dermal Vy," cells on day 3 and day 6 of
IMQ treatment by FACS analysis. Compared to
primary challenge mice, we found that dermal
Vy, " cells from re-challenged mice could secrete
IFN-y, and the proportion of IFN-y-producing
Vy," cells was higher in re-challenged mice than
in primary challenged mice (Figure 3C, 3D).
Unexpectedly, the expression of IFN-y by cells
on day 6 was reduced in the secondary chal-
lenge group compared with that observed on
day 3. This result was inconsistent with the
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Figure 3. The dermal Vy," cells produced IL-17A, y-IFN and IL-22 after application of IMQ cream. (A) Representation
of IL17A* Vy," cells from mice with psoriasis-like skin inflammation on day 3 and 6. (B) The percent of IL-17" cells on
different days. (C) Representation of y-IFN* Vy,* cells and (D) the percent of IFN-y* cells from mice with psoriasis-like
skin inflammation on day 3 and 6. (E) The numbers of IL-22* Vy,* cells and (F) the percent of IL-22* cells in mice
treated with IMQ for 6 days. The values were calculated as the mean + SEM (n=3), **p<0.01, ***p<0.001.

increases IFN-y expression observed on the cells in the dermis. Vy," cells secreted low
same day of the first IMQ treatment. In addition, amounts of IL-22 after the second IMQ treat-
we further examined the IL-22-producing Vy,* ment; however, almost no IL-22 secretion was
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Figure 4. Vy,-depleted mice show decreased IMQ-induced psoriasis-like skin inflammation. C57BJ/6 mice that were
subjected to induced psoriasis-like dermatitis 28 days prior were randomly divided into two groups, the re-chal-
lenged anti-Vy, antibody group and the re-challenged control group. A. Phenotypical presentation of mouse back
skin on day O, 3, and 6 of IMQ treatment. B. The PASI score was determined for the back skin (n=8 per group). C.
H&E staining of the back skin (n=3 per group). D. The thickness of the epidermis skin on day O, 3, and 6 of IMQ treat-
ment (n=3 per group). E. The number of Vy,yd T cells in the dermis was evaluated by FACS analysis on day O, 3, and
6. F. The percent of Vy,*y0 T cells on different days (n=3 per group). The values represent the mean + SEM. *p<0.05.

observed after the first IMQ treatment (Figure
3E, 3F). Meanwhile, the expression of IL-17A,
IL-22 and IFN-y was not detected by FACS under
non-inflammatory conditions (data not shown).

The above results suggested that dermal Vy,*
cells were the major source of IL-17A and
secreted IFN-y and IL-22 in the secondary chal-
lenge group compared with the primary chal-
lenge group.

Vy, depletion ameliorated IMQ-induced
psoriasis-like skin inflammation in mice

To evaluate the function of Vy,” cells in the
pathogenesis of recurring psoriasis, Vy,” cells
were depleted using an anti-Vy, antibody in
wild-type mice that had been subjected to IMQ-
induced psoriasis-like skin inflammation. Con-
sistent with a previous report [25], Vy," cells
were completely ablated from the dermis within
72 h after intraperitoneal injection of the anti-
body. IMQ cream was again applied on the
shaved back skin of Vy,” depleted mice and
control mice, which had previously been treat-
ed wit IMQ to induce dermatitis. The severity of
dermatitis was evaluated as mentioned in the
section above. As expected, Vy,  depleted mice
showed significantly lower levels of dermatitis
compared with control mice after the second-
ary challenge, as judged by the PASI score of
the shaved back skin (Figure 4A, 4B) and the
epidermis thickness determined by H&E stain-
ing of the dermatitis tissue (Figure 4C, 4D).
Meanwhile, on days 0, 3 and 6 of IMQ treat-
ment, we measured the numbers of Vy,’yd T
cells and analyzed the percent of Vy,yd T cells
in both Vy,” depleted mice and control mice.
Vy,'¥d T cells increased with the day of IMQ
topical treatment in re-challenged control mice;
however, the Vy,'yd T cells were not fully
depleted inthe Vy, depleted mice. Interestingly,
when psoriasis-like dermatitis was induced for
the second time, we found that the Vy,yd T
subset significantly increased in Vy, depleted
mice. These results thus suggested that IMQ-
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induced psoriasis-like skin inflammation was
reduced in Vy,” depleted mice.

Dermal cell from Vy, depleted mice showed
decreased the expression of IL-17A and y-IFN

To demonstrate the role of Vy,” cells upon a
secondary challenged, the expression of cyto-
kines was measured by FACS. IL-17A, one of the
most important cytokines in the development
of psoriasis, was first detected by FACS, gated
on yd T cells. The number of IL-17A-producing
Vy,"vd T cells significantly increased in the con-
trol group compared with the Vy,” depleted
groups (Figure 5A). Unexpectedly, the subsets
of Vy, ¥ T cells capable of producing IL-17A
increased in the Vy, depleted mice compared
with the control mice (Figure 5B). This result
was consistent with the increased numbers of
VY, Y0 T cells described in the section above.

The IFN-y results indicated that Vy,*yd T cells
and Vy, yo T cells produced IFN-y in both control
mice and Vy,” depleted mice (Figure 5C). The
level of IFN-y-producing Vy, yd T cells was higher
on day 3 than on day 6 in both control mice and
Vy, depleted mice (Figure 5D). Furthermore,
after 6 consecutive days of IMQ treatment,
we also observed that the number of IL-22-
producing yd T cells was enhanced in the Vy,”
depleted group compared with the control
group (Figure 5E, 5F). These results suggested
that Vy, depletion reduced the expression of
IL-17A and IFN-y; however, other pro-inflamma-
tory cytokine-producing yd T cells may be
increased in the Vy,” depleted group compared
with the control group.

The expression of IL.-23 was higher in re-chal-
lenged control group than in both the re-chal-
lenged Vy, depleted group and the primary
challenged group

Previous studies confirmed that IL.-23 activates
Y0 T cells and promotes Vy, T cells to proliferate
to produce IL-17A [12, 27]. However, how IL-23
is altered in Vy, depleted mice remained
unknown. Here, we examined IL-23 expression
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Figure 5. The expression of cytokines in the re-challenged control group and the re-challenged anti-Vy, antibody
group. (A) IMQ application increased the IL-17A-producing Vy,*yd T cells in the dermis and (B) the percent of IL-17A*
Vy, cells and IL-17A" cells. (C) The IFN-y-producing Vy,*yd T cells were detected by FACS. (D) The percent of y-IFN-
producing Vy,vd T cells and y-IFN* cells on different days. (E) The IL-22-producing Vy,*yd T cells on day 6 and (F) the
IL-22-producing Vy, Y0 T cells were detected by FACS. The values represent the mean + SEM. *p<0.05, **p<0.01,
***p<0.001.

in skin tissue by western blot and immunohisto- compared with the re-challenged Vy,” depleted
chemical staining. IL-23 expression was signifi- group and the primary challenged group (Figure
cantly enhanced in the re-challenged group 6).
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Figure 6. (A) The expression of IL-23 in dermal tissues with psoriasis-like dermatitis induced by IMQ treatment for
6 days was determined by western blot, and (B) the relative densities of the IL-23 protein level in each group are
shown. (C) IL-23 immunohistochemical staining in skin with psoriasis-like inflammation on day 6 of IMQ treatment.
The symbols represent the mean + SD (n=3), **p<0.01, ***p<0.001.

Discussion

In this study, we analyzed the development of
psoriasis-like skin inflammation induced by
IMQ in re-challenged mice and primary chal-
lenged mice. The dermatitis induced by IMQ
treatment resembles human plaques-type pso-
riasis with respect to erythema, scaly plaques
and epidermal proliferation, which were ob-
served in re-challenged mice. We found that
the severity of psoriasis-like skin inflammation
was enhanced in re-challenged mice. In addi-
tion, the dermal tissue of the re-challenged
mice showed increased expression of IL-23,
which stimulates dermal yo T cells to differenti-
ate and proliferate [23, 28]. Moreover, the num-
ber of IL-17A-producing Vy," cells was increased
in the re-challenged group. These findings sug-
gest that Vy," cells are critical in the develop-
ment of psoriasis-like skin inflammation in-
duced by IMQ.

The importance of yo T cells in the progression
of psoriasis is supported by the observation
that yo T cells secrete IL-17A, IFN-y and IL-22,
which are elevated in psoriasis, and by the fact
that dermatitis is alleviated in the TCR 8-/- mice
[7]. It has recently been reported that the Vy,*
subset of y0 T cells increase psoriasis-like skin
inflammation by secreting IL-17A. IL-A7A is
closely associated with the development of

5357

psoriasis, and clinical trials of an IL-17A anti-
body in the treatment of human psoriasis are
currently underway and have reached phase lll
[29]. Vy, depletion alleviated the dermatitis
induced by IMQ in mice, indicating that Vy,*
cells play an important role in the development
of psoriasis [13, 25].

IL-17A-producing Vy," cells from the dermis and
draining lymph nodes are increased and persist
for months in mice with IMQ-induced psoriasis-
like skin inflammation [23, 24]. Jason G. Cyster
reported that Vy," cells could rapidly increase in
number and produce more IL-17A when derma-
titis was re-induced with IMQ. In agreement
with this study, we confirmed that the Vy," cells
rapidly responded to the same stimulus and
became the major source of IL-17A in the re-
challenged mice. BurkhardBecher reported
that Vy," cells persisted in the skin for months;
however, our results indicated that the number
of dermal Vy,* cells was significantly reduced
30 days after the initial inflammatory stimulus.
This finding was seemingly contrary to their
conclusion. The different experimental conclu-
sions may be due to the different proportions
and properties of Vy,* cells on the ear skin and
the back skin. In addition, we also examined
the IFN-y and IL-22-producing dermal Vy,* cells
in the primary challenged mice and re-chal-
lenged mice. Similar to lymph nodes yd T cells,
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dermal yd T cells also secreted IFN-y. However,
we found that dermal Vy,* cells were not the
major source of IFN-y, and the production of
IFN-y was reduced in the re-challenged mice on
day 6 of IMQ treatment compared with day 3.
This may be the because that IFN-y-secreting
yo T cells are involved in the early stage of pso-
riasis, unlike IL-17A, which is associated with
the severity of inflammation. Laure Dumontier
reported that T lymphocytes and yd T cells were
a major source of IL-22 in draining lymph nodes.
We found that the dermal yd0 T cells also pro-
duce IL-22, but in much lower amounts, espe-
cially in the primary challenged mice, indicating
that IL-22-producing dermal yd T cells may not
have an effect on the development of IMQ-
induced psoriasis-like skin inflammation.

Vy, depleted re-challenged mice exhibited re-
duced epidermal thickness when treated on
the ear skin. In our study, we observed that the
erythema, scaly plaques and the thinckness of
the epidermis were reduced in Vy,” depleted re-
challenged mice compared with re-challenged
control mice. We also verified that the accumu-
lation of IL-17A-producing dermal yo T cells was
significantly decreased in Vy,” depleted mice.
This finding supported the conclusion that der-
mal Vy," cells are the main source of IL-17A in
the IMQ-induced dermatitis model. Importantly,
a larger increase in Vy,” cells was observed in
Vy, depleted re-challenged mice than re-chal-
lenged control mice. In addition, the Vy,yd T
cells in Vy,” depleted re-challenged mice pro-
duced more IL-17A than those in re-challenged
control mice, indicating that Vy,yd T cells may
also have arole in the development of psoriasis-
like skin inflammation. Cai et al reported that
dermal Vy,'T cells and Vy,'T cells both secreted
IL-17A and that Vy,'T cells were more competi-
tive than Vy,* cells in dermal yd T cells reconsti-
tution after the induction of psoriasis-like skin
inflammation and in mice lacking Vv4*T cells,
Vy,* cells are able to induce psoriasis-like der-
matitis upon IMQ treatment [12, 30-32]. The
different experimental conclusions may be
explained by the fact that the Vy,'T cell experi-
ment included concluded Vy,yd T cells.
Furthermore, these reports may explain why
the Vy,¥d T cells increased in number and
produced IL-17A in the Vy,” depleted re-chal-
lenged mice in our study. In addition, IFN-y pro-
duction was consistent between Vy,” depleted
re-challenged mice and re-challenged control
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mice, and the frequencies of IFN-y-producing
Vy,¥0 T cells were similar in Vy,” depleted re-
challenged mice and re-challenged control
mice. These results may indicate that the
altered constitution of dermal yo T cells did not
have an effect on IFN-y production in psoriasis-
like dermatitis.

Previous reports have suggested that IL-22 is
responsible for the dermatitis induced by IMQ
and is produced by both T cells and innate
immune cells. However, whether the dermal yd
T cells produce IL-:22 remained unclear. Here,
we demonstrated that dermal yd T cells pro-
duce IL-22, which is secreted at low amounts by
Vy," cells. Interestingly, we found that the
secretion of IL-22 from the remaining yo T cells
increased in Vy,” depleted re-challenged mice.
Given the critical role of IL-22 in the develop-
ment of psoriasis, this may be another reason
why psoriasis-like skin inflammation was still
able to be induced in the Vy,” depleted mice.

IL-23 is required for the proliferation and sur-
vival of IL-17A-producing cells, which augment
the expression of IL-17A in skin with psoriasis
[33]. Here, we demonstrated that the expres-
sion of IL-23 is obviously enhanced in control
mice re-challenged with IMQ for 6 successive
days compared with both primary challenged
mice and Vy, depleted re-challenged mice.
These results indicated that our findings were
consistent with previous reports.

Although a Vy, depletion antibody could neu-
tralize the Vy,"yd T cells in wild-type mice [25],
it did not fully deplete the Vy,’yd T cells in the
mice with IMQ-induced dermatitis in our study.
However, our results showed that the number
of remaining Vy,yd T cells in the Vy,” depleted
group was limited and did not have an effect on
our experiments.

In conclusion, our studies showed that the der-
mal Vy,*yd T cells are the main source of IL-17A
in re-challenged mice and that dermal Vy,*
cells produce IFN-y. IL-22 secretion from the
remaining yd T cells increased when the Vy,*
cells were depleted in mice that were subjected
to induced dermatitis 28 days prior to deple-
tion. These findings suggest that Vy,* cells
enhance the relapsed symptoms of psoriasis-
like skin inflammation. However, the remaining
yo T cells can still promote the development of
psoriasis in Vy,” depleted re-challenged mice.
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