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Whey acidic protein four-disulfide core domain protein 12 (WFDC12) has been
implicated in the pathogenesis of psoriasis but the specific molecular
mechanism is not clearly defined. In this study, we found the expression of
WFDC12 protein closely correlated with psoriasis. WFDC12 in keratinocyte
might increase infiltration of Langerhans cells (LCs) and monocyte-derived
dendritic cells (moDDCs), up-regulating the co-stimulation molecular CD40/
CD86. Thl cells in lymph nodes were higher in K14-WFDC12 transgenic
psoiasis-like mice. Meanwhile, the mRNA of IL-12 and IFN-y in the lesion skin
was significantly increased in transgenic mice. Moreover, we found that the
expression of the proteins that participated in the retinoic acid-related
pathway and immune signaling pathway was more changed in the lesion skin
of K14-WFDC12 transgenic psoriasis-like mice. Collectively, the results implied
that WFDC12 might affect the activation of the retinoic acid signaling pathway
and regulate the infiltration of DC cells in the skin lesions and lymph nodes,
thereby inducing Thl cells differentiation and increasing the secretion of IFN-y
to exacerbate psoriasis in mice.
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1 Introduction

Psoriasis is a skin-specific autoimmune disease, with
excessive thickening of the epidermis, chronic inflammation of
the dermis, erythema, and skin scales. According to worldwide
statistics, about 2-4% population of the world suffers from
psoriasis (1, 2), of which 20-30% will develop into psoriatic
arthritis, cardiovascular disease, metabolic syndrome, and other
diseases such as inflammatory bowel disease seriously, and the
physical and mental health of patients was damaged (1, 3, 4).
Several psoriasis immune preparation drugs have entered
clinical trials, including immunosuppressants such as
interleukin-17 (IL-17) and TNF-0, antibodies, which have
effective targeting effects but with obvious side effects. For
example, Efalizumab targeting the integrin CD11la, and
Briakinumab monoclonal antibody targeting the P40 subunit
of interleukin-23 (IL-23/P40), can cause severe immune
infections, malignant tumors, and other complications (5, 6).
In addition, psoriasis has a serious impact on patients, so there is
an urgent need to explore effective therapeutic targets
for psoriasis.

In the emergence and progression of psoriasis, the skin as a
unique regional immune environment area is exposed to
numerous environmental variables, such as trauma, stress, and
infection. In this region, keratinocytes (KCs) are not only the
critical situation in inducing the abnormal activation of the
immune mechanism of psoriasis but also the important
manifestation of the hyperproliferation of this disease. KCs
can release the antimicrobial peptide LL37 and activate
plasmacytoid dendritic cells (pDCs) and then promote
maturation of myeloid dendritic cells (MDCs) to secrete
inflammatory cytokine (7, 8), further inducing adaptive
immune activation and promoting the differentiation of naive
T cells into T helper type 1 cells (Th1 cells) and Th17 cells in

Abbreviation: ATRA, all-trans retinoic acid; TF AP-1, transcription factor
AP-1; CRABPI, cellular retinoic acid binding protein 1; cDCs, conventional
dendritic cells; CLDN1, Claudin 1; CLDN4, Claudin 4; DHRS9,
ehydrogenase/Reductase 9; Flg, Filaggrin; GEO, Dataset Gene Expression
Omnibus Dataset; IOD, integrated option density; IMQ, Imiquimod; iTRAQ,
isobaric tags for relative and absolute quantitation; iNOS, iducible nitric oxide
synthase; KCs, keratinocytes; LCP2, lymphocyte cytosolic protein 2; LGALS1,
lectin, galactoside-binding, soluble, 1; MHC II, major histocompatibility
complex II; MDCs, myeloid dendritic cells; moDDCs, monocyte-derived
dendritic cells; pDCs, plasmacytoid dendritic cells; PPI, protein—protein
interaction; Thl cells, T helper type 1 cells; Th17 cells, T helper type 17
cells; RA, retinoic acid; RDH10, retinol dehydrogenase 10; SLPI, secretory
leukocyte peptidase inhibitor; Th cells, helper T cells; TLR7, Toll-like receptor
7; VIM, Vimentin; WEDC protein, WAP four-disulfide core domain protein;
WEFDCI2 protein, WAP four-disulfide core domain protein 12.
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lymph nodes (2). IL-12 as the most critical inflammatory
cytokines, secreted by Langerhans cells (LCs) and monocyte-
derived dendritic cells (moDDCs), was confirmed to mainly
induce Th1 cells, which secreting interferon-y (IFN-y) (2, 9-11).
Thl and Th17 cells were recruited by inflammatory cytokines
and chemokine to gather in the skin lesions of psoriasis patients.
These T cells produce inflammatory factors such as IFN-vy, IL-17,
which will in turn act on KCs, vascular endothelial cells, and
neutrophils, forming a feedback loop with an amplifying effect in
lesion skins (12-14). Among them, the excessive proliferation of
KCs eventually leads to epidermis thickness and the formation
of scales (15). Neutrophils can activate the accumulation of
oxidative stress at the inflammatory site (16). Studies have
shown that, after IFN-vy, secreted by Thl cells, was injected
into the non-lesional area of the patient, the expression of
inducible nitric oxide synthase (iNOS) increased (17). It can
be seen that DC cells (such as LCs, moDDC cells), Th1 and Th17
cells, involved in the immune-inflammatory process to promote
the aggravation of immune inflammation, were inseparable from
where the KCs were located. Therefore, we imagine that
targeting KCs, screening new candidate molecules that are
specifically and highly expressed in the skin and are closely
related to psoriasis, may have been related to these immune cells
to influence pathogenesis and development of psoriasis and will
have a broad prospect of the treatment exploitation of
this disease.

The early study of our laboratory found that the novel WAP
four-disulfide core domain 12 (WFDC12) gene of the WEDC
family was highly expressed in the KCs through an integrative
approach (18). Several genes including WFDC12 in the WEDC
family were located on human chromosome 20q13, which was in
the hot spots of psoriasis susceptibility genes (19). The structure
of the WFDC family protein was characterized by the core
disulfide domain FDC containing eight conserved cysteines,
which formed four stable disulfide bonds (19). This domain
contains 40-50 amino acid residues, most of these family
members are small secret molecules. Among the current 18
members of the WFDC family, the most studied elafin
(WFDC14) and secretory leukocyte peptidase inhibitor (SLPI)
have been reported to be highly expressed in psoriasis lesions
(20-22). SLPI affected the pathogenesis of psoriasis by restricting
the formation of neutrophil extracellular traps (NETs) (23) or
sensitizing extracellular DNA to stimulate pDCs to secrete IFN-
o (22). The serum content of elafin had a significant clinical
correlation between psoriasis severity and inflammatory markers
(C-reactive protein, erythrocyte sedimentation rate) (24).

A widely accepted notion is that the domain of WFDC
proteins has serine protease-inhibitory activity (25-27). The
dysfunction of proteases and protease inhibitors may cause
various skin inflammatory diseases. For example, the integrin-
metalloprotease 17 specifically knocked out in KCs will reduce
the activity of transglutaminase in the skin of mice after 2 days of
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birth and lead to the expression of inflammatory cytokines, such
as IL-1B and IL-6, which was up-regulated in skin disease
patients (28, 29). The inhibitory molecule Cystatin A inhibited
endogenous and exogenous proteases from participating in
epidermal structure and biochemical defense mechanisms,
which can cause ichthyosis and acre peeling skin syndrome
(30, 31). The candidate molecule WFDC12 belongs to the
WEDC protein family, with protease inhibitory function, also
suggested that WFDC12 may be likely to play an important role
in the “skin involved” autoimmune disease psoriasis.

WEFDCI12 was located at the susceptible site of psoriasis,
specific high expression in the KCs; the role and mechanism on
the pathogenesis of psoriasis had not yet been reported. Therefore,
the role of WFDCI12 in psoriasis initially explored the correlation
between the severity of psoriasis and the expression of WFDC12.
We found that, in the Imiquimod (IMQ)-induced psoriasis-like
skin lesion model, K14-WFDC12 transgenic mice, capable of stably
expressing WFDCI12 in KCs, showed more severe epidermal
hyperplasia and inflammatory cells infiltration. We found more
increase in infiltration of LCs and moDDCs in lymph nodes with
high expression of WFDCI2 in KCs of mice. Transgenic mice also
had considerably higher levels of Th1 cell differentiation in lymph
nodes. The iTRAQ is a high-throughput quantitation approach
that enables the simultaneous identification and relative
quantification of proteins in up to eight different biological
samples of a single experiment with more sensitivity and better
accuracy. Based on the iTRAQ proteomic profiling methods, we
have initially explored the relevant mechanisms of WFDC12
regulating psoriasis; the results showed that the exacerbated
inflammation in K14-WFDC12 mice may be caused by the
change of retinoic acid signaling pathway, providing a new
theoretical basis for the exploration of new targets and ideas in
clinical psoriasis treatment and diagnosis.

2 Result

2.1 WFDC12 expression positive
correlates with psoriasis clinical features

To identify the differential expression of WFDCI12 in psoriasis
patients (lesional and non-lesional) and healthy persons, we
obtained the publicly available microarray datasets GDS4602,
GDS5420, and GDS4600 from the GEO (Gene Expression
Omnibus, National Institutes of Health). The expression of
WEDCI12 was significantly increased in the lesions of psoriasis
patients compared with non-lesions and healthy skin tissues
(Figure 1A). Twenty-five patients with moderate to severe plaque
psoriasis were sampled in the lesion areas after the use of different
doses of Brodalumab (140, 350, and 700 mg). Brodalumab can
improve at least the 70% psoriasis skin lesions of 700 mg treatment
groups according to the Psoriasis Area and Severity Index (PASI)
for treatment evaluation. It showed a great therapeutic effect on the
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therapy of psoriasis. At this dosage, as the treatment time
increased, the expression of WFDCI2 protein presented a
downward trend (Figure 1B). The expression of the lesion area
was higher than that in the non-lesion area for the same patient
(Figure 1C). We collected clinical skin samples (taken from the
West China Hospital) and used immunohistochemical staining to
detect the expression of WFDCI2 protein in the skin of healthy
persons and lesions area of psoriasis patients. We found that
WEFDCI12 expression was higher in psoriatic lesions than in
normal skin (Figures 1D, E). Moreover, the mRNA level of
WEFDCI2 was higher in the lesions of psoriasis patients relative
to healthy skin tissues (Figure 1F). Immunofluorescence staining of
skin sections from both normal and psoriatic patients showed that
WEDCI2 expression was higher in psoriatic lesions than in normal
skin (Figures 1G, H).

2.2 IMQ-induced more severer epidermal
hyperplasia and inflammatory cells
infiltration in K14-WFDC12 transgenic
mice than in wild-type mice

To further determine the potential role of WFDCI12 in the
pathogenesis of psoriasis, first, K14-WFDC12 mice were
constructed (Figures S1A-C).Compare with wild-type (WT)
mice, the WFDC12 expression increased in K14-WFDC12
transgenic mice in back skin (Figure S1D). There was no
significant difference between K14-WFDCI2 transgenic mice
and WT mice in appearance, body weight, skin structure, and
pathological characteristics at a steady state (Figure SIE-I). In
our experiment, we found that, compared with the IMQ-induced
WT mice model, the IMQ-induced K14-WFDCI2 transgenic
mice had a severer psoriasis-like lesion and inflammation
(Figure 2A). The scores of each group of mice, from 0 to fifth
day, were shown in Figures 2B-E. The PASI scores showed that
the erythema of the K14-WFDCI12 transgenic mice changed
more significantly on Days 2-5 than that of WT mice
(Figure 2B), and the scales and epidermal thickening of
transgenic mice were more statistically evident on Days 3-5
than those of WT mice (Figures 2C, D). The total PASI scores
were not significantly different from the transgenic mice group
and WT mice group in the initial two days but were statistically
significant from Day 3 to 5 (Figure 2E).

After IMQ modeling on the fifth day, the epidermal
thickness and immune cell infiltration in the H&E staining
were statistically analyzed. We found that, compared with WT
mice, the inflammatory cells in transgenic mice significantly
infiltrated into the skin after IMQ treatment. The number of
immune cells per HPF of skin lesion area of K14-WFDC12
transgenic mice models was about 1.5 times that of the WT mice
model (Figure 2F). The average value of the epidermal thickness
of each group of mice was statistically plotted (Figure 2G). There
is no statistical difference in the thickness of the back skin
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FIGURE 1

WFDC12 expression positive correlates with psoriasis clinical features. (A) WFDC12 expression in skin lesions/non-lesional areas of patients with
psoriasis and normal skin based on the GEO database (GDS4602). (B) To compare the difference of WFDC12 expression in lesions after [L-17RA
antibody treatment based on the GEO database (GDS5420). (C) Analyzes the differential expression of paired genes in the lesions and non-
lesions of the same psoriasis patient based on the GEO database (GDS4600). (D) Immunohistochemical staining of WFDC12 in normal skin
tissue of healthy person and skin tissue of psoriasis lesion area. Scale bars, 200um. (E) The expression of WFDC12 in each tissue between each
sample according to the average optical density (AOD) (n = 4/group). (F) RT-qPCR analysis of WFDC12 in normal human skin and psoriasis
patients’ skin (n = 5/group). (G, H) quantification and IF staining showed WFDC12 presence in healthy human skin (n = 8) and skin tissue of
psoriasis lesion area (n = 5). Scale bars, 200 um. Dashed lines indicate border between epidermis and dermis. H&E staining of the skin is shown
for orientation. Nuclei are stained with DAPI (blue). (A, B, E-G) unpaired two-tailed Student's t-test. (C) Paired Student's t-test. M + SD. *p <
0.05, **p < 0.01, ***p < 0.001. ns, not significance. NN, normal skin tissue of healthy people; PN, skin tissue of non-lesion area of psoriasis

patients; PP, skin tissue of psoriasis lesion area

between K14-WFDCI12 transgenic mice (11.25 + 1.30 um, N =5)
and WT mice at the steady state (9.75 £ 2.17 um, N = 5). After
IMQ-induced psoriatic lesion, the epidermal thickness of the
K14-WFDCI2 transgenic mice models (39.50 + 1.71 um, N = 5)
was significantly increased than that of the WT mice model
(53.75 + 2.53 um, N = 5). These results showed that K14-
WEFDCI2 transgenic mice had a higher degree of psoriasis-like
inflammation on the back of the skin than WT mice after IMQ-

induced psoriasis lesion.

2.3 Much more infiltration of LCs in
epidermis and lymph node of K14-
WFDC12 transgenic mice after
IMQ-induced

LCs were located in the outermost layer of the skin and will
be the first to respond to infection and physical and chemical
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damage. They not only could expand their numbers or through
monocyte differentiation from peripheral blood and exert
immune activation functions in situ but also migrate to
draining lymph nodes to active differentiation of T cells after
mutation (32, 33). It was demonstrated that motivated LCs
expressed higher levels of maturation markers, such as CD40/
CD80, CD86 (32). For analysis, we prepare single-cell
suspensions for flow cytometry detection. The LCs in the
epidermis were identified based on the expression of CD45,
MHCII, and CD11c. At the steady state, there was no significant
statistical difference of LCs in the epidermis between transgenic
mice and WT mice (Figures S2A, B). After IMQ-induced
psoriasis, the number of LCs of K14-WFDCI12 transgenic mice
in the epidermis increased higher than that in WT mice
(Figures 3A, B). We also detected the infiltrated LCs in the
lymph node. In the inflammatory state, there were a variety of
types of dendritic cells in the lymph node. Therefore, the LCs
should be characterized further based on the expression of
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FIGURE 2

Characterization and evaluation of psoriasis models in K14-WFDC12 transgenic mice and WT mice before and after IMQ-induced

(A) Representative photos taken and back skin sections stained with H&E on days 0-5 at steady-state and after IMQ-induced psoriasis model.
Scale bars, 50 pm,n = 5/group. (B-D) PASI score of erythema, scale, and epidermal thickness in the back skin of mice (0—4 points) at steady
state and after IMQ-induced psoriasis model, n = 5/group. (E) Total PASI score of back skin of mice (0-12 points) at steady state and after IMQ-
induced psoriasis model, n = 5/group. (F) The number of inflammatory cell infiltrates in the dermis at steady state and IMQ-treated. Numbers of
dermal inflammatory cells were counted per high-power field from five mice per group. (G) epidermal thickness statistics of mice at steady-
state and after IMQ-induced psoriasis model, n = 5/group. (B—E) Unpaired t-test was applied to assess the significance of difference between

the two groups at the same time points. (F, G) One-way ANOVA followed Dunnett was applied to assess the significance of difference among
the four group. The data are presented as M + SD.*p < 0.05, **p < 0.01, ***p < 0.001. ns, not significance.

additional markers. LCs were separated from MHCII'CD11c"
cells based on their expression of CD11b, CD207/Langerin, and
CD103. Finally, we identified LCs in lymph nodes as
CD11b"CD207°CD103". There was no difference in the
number of LCs between two types of mice without IMQ
application (Figures S2C, D). However, the results showed that
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LCs of K14-WFDCI12 transgenic mice infiltrated much more
than those of WT mice by IMQ application (Figures 3C, D).
At a steady state, there was only a small portion of LCs
expressing CD40, CD86 in epidermis and lymph nodes, and no
different expression level was detected in K14-WFDCI12
transgenic mice and WT mice (Figures S2E-G). However, the
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expression of CD40 and CD86 was numerically increased by
IMQ application, and LCs of transgenic mice showed more
CD40 and CD86 expressing (Figures 3E-G). We also detected
higher IL-12 expression levels in lesion areas of K14-WFDC12
mice (Figure 3H), which may be secret by LCs in the IMQ-
induced psoriasis model.

2.4 The infiltration of moDDCs and
monocytes was increased in K14-

WFDC12 transgenic mice after
IMQ-induced

moDDCs are differentiated from Ly6C" monocytes. Under
normal physiological conditions, the quantity of these cells is
quite low. However, these cells expand and aggregate in large
numbers when inflammation occurs. They were identified as the
principal contributors to inflammation in psoriasis-like mice
(34). We isolated lymph nodes from each group of mice,
preparing single-cell suspension for flow cytometric antibody
staining. The expression of CD11b and MHCII was identified in
CD45" cells. CD64 and Ly6C were recognized as the surface
markers of monocyte-derived cells, such as monocytes and
macrophages, so we further distinguished the monocyte-
derived cells among them (Figure S2H, Gate B). Mer tyrosine
kinase (MerTK) and CD64 are the most common antigens that
distinguish macrophages, so the CD64"/MerTK" cells were
identified as macrophages. And the CD64 /MerTK™ cells were
further used to identify monocytes and moDDCs by a
combination of Ly6C and MHCII. Finally, we identified
Ly6C""MHCII" cells as the monocytes, and Ly6C™**MHCII™
cells as the moDDC cells (Figure S2H). After the application for
IMQ, we detected the infiltration of moDDCs in the lymph
node. The results showed that more numbers of moDDCs
infiltrated into K14-WFDCI12 transgenic mice (Figures 3I-K).
Meanwhile, expression of chemokines CCL19 in the skin lesion
area of K14-WDFDC12 mice increased after IMQ-induced
(Figure 3L). We speculated that WFDC12 may affect immune
activation, which was closely relative to LCs and moDDCs.

2.5 Th1(IFN-y-secreting) differentiation is
up-regulated in lymph nodes of K14-
WFDC12 transgenic mice than in WT
mice after IMQ-induced

Mature DC cells proliferate and migrate into lymph nodes,
polarizing naive T cells to differentiate into Th1 and Th17 cells,
which secret critical pro-inflammatory cytokines IL-17 and IFN-
vin pathogenesis and development of psoriasis (35, 36). We next
examine the effect of the WFDCI12 on Thl and Thl17 cells
differentiation. The murine lymph nodes after IMQ-induced
psoriasis were collected for the preparation of single-cell
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suspension on Day 5; the proportion of Thl and Thl7 cells
was analyzed by flow cytometry. We found that there was no
difference in the proportion of Thl cells (CD3*CD4*TFN-y")
between the K14-WFDCI12 transgenic mice and WT mice in the
lymph nodes under steady state, and no difference in Th17 cells
(CD3"CD4"IL-17") was detected either (Figures S3A-D). After
IMQ-induced psoriasis, the proportion of Thl cells that secrete
IFN-y (CD3"CD4"IFN-Y") in the lymph nodes of K14-WFDC12
transgenic mice was higher than that of WT mice (Figures 4A,
B), whereas Th17 cells that secrete IL-17 (CD3"CD4IL-17") has
no statistically significant differences between two IMQ-induced
psoriasis groups (Figures 4A, C), but compared with WT mice,
the differentiation of Th17 cells in lymph nodes of K14-
WEDCI2 transgenic mice showed an overall trend of increase.
The mRNA expression levels of cytokines IFN-yand IL-17 in the
lesion area of two modeling groups were detected. The
inflammatory cytokines IFN-y was more significantly increased
from K14-WFDCI2 transgenic mice than in WT mice, and there
was no difference in the mRNA expression level of IL-17A
(Figures 4D, E). Because the high expression of IL-17 in
psoriasis may come from YOT cells, we detected IL-17A-
producing YOT in lymph nodes of WT and K14-WFDC12
transgenic mice. There was no statistically significant
difference in the proportion of IL-17A-producing y6T17 cells
in lymph nodes in steady state (Figures S3E, F), but there was
statistically significant difference in the proportion of IL-17A-
producing Y8T17 cells in lymph nodes after IMQ-induced
psoriasis mice model (Figures 4F, G). Compared with WT
mice, serum IL-17A level in IMQ-treated K14-WFDC12 mice
increased and the difference was statistically significant
(Figure 4H). It was indicated that WFDC12 may induce the
differentiation of Th1 cells in the lymph nodes by regulating the
infiltration of DC cells in the skin lesions and lymph nodes
(including LCs and moDDCs) and increase the secretion of
IFN-v in the skin lesions, thereby exacerbating the pathogenesis
of psoriasis.

2.6 The retinoic acid—related pathway
was changed from K14-WFDC12
psoriasis-like mice comparing with
WT mice

WEFDCI12 may affect the certain signaling pathway to
protease inhibition and lead to aggravation of inflammation in
the psoriasis immune microenvironment, which has not been
reported yet. We explored the proteome profiles by iTRAQ-
based quantitative proteomics workflow in the back skin lesions
of K14-WFDCI12 transgenic mice and WT mice after the IMQ-
induced psoriasis model (Figure 5A).

In our experiment, the cleavage peptide solution to WT
groups and K14-WFDCI12 transgenic group (three samples in
each group) were labeled with isotope labels (Table 1). Under the
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FIGURE 3

Infiltration of LCs and moDDCs be detected by flow cytometry after IMQ-induced psoriasis-like mice. (A, B) Representative and quantification of
FACS analysis of LCs in the epidermis after IMQ application, n = 5/group. (C, D) Representative and quantification of FACS analysis of LCs in
lymph nodes after IMQ application, n = 5/group. (E—G) Representative and quantification of FACS analysis of CD40/CD86 expression of LCs in
the epidermis after IMQ application, n = 5/group. (H) IL-12 mRNA expression level of psoriasis-like lesion areas in K14-WFDC12 transgenic mice
and WT mice. (I-K) Representative and quantification of FACS analysis of moDDCs in lymph nodes after IMQ application, n = 5/group. (L)
CCL19 mRNA expression level of psoriasis-like lesion areas in K14-WFDC12 transgenic mice and WT mice. All the data are shown in this and the

figures below came from samples from individual mice unless stated otherwise. The data are presented as M + SD. *p < 0.05, **p < 0.01
(unpaired Student's t-test).
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Thl, Thl7 and IL-17A-producing ydT17 cells be detected in K14-WFDC12 transgenic mice and WT mice after IMQ-induced psoriasis model.

(A) Representative of Thl cells secreting IFN-y and IL-17-producing cells (Th17 cells) in the lymph nodes of mice after IMQ-induced. (B, C)
Quantification of Th1 cells and Th17 cells in the lymph nodes of mice (proportion of CD4" cells Gate), n = 5/group. (D, E) IFN-y and IL-17A
MRNA expression level of psoriasis-like lesion areas in K14-WFDC12 transgenic mice and WT mice. (F, G) Representative FCM images and
quantification indicated percentages of IL-17A—producing ydT17 cells in lymph nodes of K14-WFDC12 transgenic mice and WT mice treated
with IMQ, n = 5/group. (H) ELISA assessed the levels of IL-17A in serum of K14-WFDC12 mice and WT mice treatment with IMQ, n = 5/group.
All the data are shown in this and the figures below came from samples from individual mice unless stated otherwise. The data are presented as

M + SD. **p < 0.01. ns, not significance. (unpaired Student’s t-test).

filter standard “1% FDR,” a total of 45,289 peptides and 7,342
proteins were identified (Table 2). The lengths of most identified
peptide lengths were 8-12 amino acids, the 914 identified
proteins were characterized by more than 11 unique peptides,
and the protein mass of identified proteins mainly varied from
20-50 KDa, especially 100 KDa (Figure S4). The differential
expression genes (DEGs) were detected, and the relative rates of
change were analyzed. In the case of biological repetitions
unmatched, the condition for screening for differential
proteins is folding change more than 1.2 or less than 0.83 (the
average of the ratios of all comparison groups) and p < 0.05
(t-test of all comparison groups). Among them, compared with
the WT group, there were a total of 296 differential genes
significantly down-regulated and a total of 224 differential
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genes significantly up-regulated in the K14-WFDCI12
transgenic group (Figures 5B, C).

2.6.1 Gene ontology analysis

To understand the specific functions of these differential
proteins, we first performed Gene ontology (GO) analysis on
these proteins encoded by 224 up-regulated differential genes
and 296 down-regulated differential genes. The GO terms
with p < 0.05 were recognized as significantly enriched by
differential genes encoded proteins. Through cellular
components analysis of up-regulated and down-regulated
differential proteins, the results showed that most of the
components of these proteins were located in the cytoplasm,
extracellular, exosomes, cytosol, and so forth (Figure 5D).
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FIGURE 5

iTRAQ-based proteomics profiling in K14-WFDC12 transgenic mice and WT mice after IMQ-induced psoriasis. (A) iTRAQ-based proteomic
work-flow in the back skin lesions of mice after IMQ-induced psoriasis model. (B) significantly DEGs volcano map (K14-WFDC12 transgenic
group vs WT group). The X-axis of the figure is the multiple of protein difference (take log,), and the Y-axis is the corresponding -log;o (P-value).
(C) Heat map images show differential genes in skin lesions of WT and K14-WFDC12 mice after IMQ application. Blue indicates low expression
level and red indicates high expression level.In all, 520 genes were significantly altered with P < 0.05. (D—F) GO analysis results of cellular
components, molecular functions, and biological processes of DEGs. (G) Bubble diagram of the KEGG pathway significantly enriched (K14-
WFDC12 transgenic group vs. WT group) after IMQ application. The X-axis enrichment factor (RichFactor) presents the number of differential
proteins annotated to the pathway divided by all the identified proteins annotated to the pathway. The larger value means that the larger the

proportion of differential proteins in the pathway is. The size of the dot in the figure represents the number of differential proteins annotated to
the signaling pathway.
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TABLE 1 i-TRAQ labeling samples.

DATA1_Sample DATA1_Label

WT1 113
WT2 114
WT3 115
K14-WFDC12-1 116
K14-WFDC12-2 117
K14-WFDC12-3 118

Analyzing the biological process of these differential proteins, we
found that the up-regulated proteins were closely related to the
oxidation-reduction process (GO:0055114), lipid metabolism
(G0O:0006629), protein folding process (GO:0006457), and
immune response (GO:0006955), and the down-regulated
proteins mainly focus on transport (GO:0006810), lipid
metabolic process (GO:0006629), response to cytokine
(GO:0034097), and skin barrier (Figure 5E). As for the
molecular function, the up-regulated differential proteins
mainly participated in lipid binding (G0:0008289), calcium
ion binding (GO:0005509), glycoprotein binding
(G0O:0001948), protein C-terminal binding (GO:0008022),
actin binding (G0O:0003779), and so forth. The biological
process of down-regulated differential proteins was mainly
involved in peptide binding (GO:0042277), nuclear localization
sequence binding (G0:0008139), keratin filament binding
(GO:1990254), retinol dehydrogenase (GO:0004745), and so
forth (Figure 5F). These results indicated that KCs specific-
expressed WFDC12 in transgenic mice may influence lipid
metabolism, oxidation-reduction reaction, inflammatory
response, and skin barrier related molecules when applying
IMQ-induced psoriasis, which resulted in more severe
epidermal hyperplasia and inflammation response than
WT mice.

2.6.2 String analysis of protein—protein
interaction

The protein-protein interaction (PPI) of DEGs between
lesion areas of two experimental groups of mice was predicted
by the String database (Figure 6A). In this network, these
proteins encoded by differential genes were mainly included
within metabolism (MMU-1430728) and innate immune system
(MMU-168249) Reactome Pathways. It includes retinol
metabolism, the peroxisome proliferator-activated receptor
(PPAR) signaling pathway, and glycan degradation.

TABLE 2 The result of i-TRAQ-based proteome identification.

Sample name Total spectra Spectra

Mus_musculus 572526 101203
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From the String results, we found that the Serpin family
proteases were extensively included in the differential proteins
encoded by the DEGs. The up-regulated genes are SerpinA1B
and SerpinA1C, which belong to the SerpinAl gene encoding
different precursor proteins of SerpinAl, and the down-
regulated differential genes are SerpinA9 and SerpinB12.
Clinical studies have confirmed that the concentration of
SerpinAl in the serum of psoriasis patients with different
stages of pathological characteristics has changed (37), and the
expression of various isoenzymes of SerpinAl was also found in
these patients (38). SerpinB12 of the same family may take part
in protecting epithelial cells and has a pivotal barrier protection
function (39). At present, there is no evidence to show the direct
action of SerpinAl family proteins in the occurrence and
development of psoriasis, and the relationship between
WEDC12 molecules and Serpin family proteins remains to be
further proved.

Many differential proteins participated in the T-cell
activation related signaling pathway (Figures 6B, C), including
Toll-like receptors 7 (TLR7), FYN-binding protein, and
lymphocyte cytoplasmic protein 2 (LCP2), lectin galactosidase
binding soluble 1 (Lgalsl), and CD248. The allograft
inflammatory factors C1RA, which positively regulate the
proliferation and migration of T cells and involved in the
classical pathway of complement activation, were detected to
be up-regulated in transgenic mice. A large number of the down-
regulated differential genes encode structural activity-related
molecular proteins, which mainly include keratin 26 (KRT26),
keratin 28 (KRT28), and keratin (KRT42), claudin 4 (CLDN4),
claudin 1 (CLDNI1), vimentin (VIM), and filaggrin (Flg). From
the above information, we can analyze that there may be
activation of lipid metabolism pathways and T-cell-related
immune signaling pathways in the pathogenesis of K14-
WEFDCI12 transgenic mice, and cause the downregulation of
structural-related protein molecules, which affects cell
proliferation and differentiation and other functions.

2.6.3 Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway analysis

To obtain the DEPs information of functional pathways, we
further utilize the KEGG database to explore signaling pathways.
Here, the top 10 KEGG pathways that we presented (p < 0.05) may
give some clues of transduction pathways in which the DEGs were
possibly taken participate in Figure 5F. The signaling pathways
with significant differences between the experimental group and
control group were as follows: (1) lipid metabolism-related
signaling pathways: PPAR signaling pathway (mmu:03320),

Peptide Unique Peptide Protein

86632 45289 41873 7342
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as M + SD. *p < 0.05, **p < 0.01. (unpaired Student's t-test).
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phototransduction signaling pathway (mmu:04744), arachidonic
acid signaling pathway (mmu:00590), retinoic acid signaling
pathway (mmu:00830); (2) immunology-related signaling
pathway: NF-xb signaling pathway (mmu:04064)); (3) immune-
related diseases: systemic lupus erythematosus (mmu:05322),
asthma (mmu:05310), autoimmune thyroid diseases, and
so forth. Among them, systemic lupus erythematosus and
autoimmune thyroid disease are closely related to the
immune process.

Combined with the previous analysis, it was worth noting
from the KEGG pathway bubble chart that the retinoic acid
signaling pathway was with a high Rich Factor (Figure 5G). After
IMQ application, the differentially expressed CRABP1 genes
were significantly up-regulated in the WFDCI12 experimental
group than in the WT mice; the significantly down-regulated
differential genes are RDH7, RDH10, and DHRS9 (Figures 6B,
C). They all occupied a crucial role in the signal pathway of
retinoic acid synthesis and metabolism. It suggested that specific
high expression of WFDCI2 in KCs of mice changed the
pathways of retinoic acid synthesis and metabolism in the
back skin lesions, which may result in regulating the process
of activated immune regulation and aggravated severe
epidermal hyperplasia.

2.7 The expression of inflammatory
cytokines and retinoic-acid signaling
pathway-related molecules were
changed in lesion areas of K14-WFDC12
transgenic mice after IMQ-induced

To further confirm the role of highly expressed WFDC12 in
KCs of mice, we examined the mRNA expression levels of
cytokines IL-17A and IFN-v. In lesion areas of back skin, the
expression of IFN-y, IL-12, and CRABP1 was up-regulated
(Figures 3H, 4D, 6D); the RDH10 and DHRS9 were down-
regulated (Figures 6E, F), whereas the IL-17A mRNA was
expressed approximately at the same levels within two
groups (Figure 4E).

3 Discussion

We previously constructed an in vitro M5 stimulation model
with great clinical relevance. Through this model, transcriptome
sequencing and screening were performed to successfully sort
out new candidate molecule WFDC12, which was specifically
and highly expressed in KCs and closely related to psoriasis
susceptibility sites. The expression of WFDCI12 protein in the
psoriasis-like lesions area of WT mice was increased in vivo (18).
To further explore the clinical relevance of the WFDC12 and
psoriasis disease, we analyzed the clinical database and found
that the expression of WFDC12 was increased with the
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aggravation of the pathological characteristics of psoriasis. The
AP-1 is the transcription factor-binding sites in the gene
promoter that initiates the activation of WFDCI12 gene
expression, which plays an important function as a disease-
related transcriptional regulatory activator in psoriatic KCs (40),
and continuously up-regulated small proline-rich protein 1A
(SPRR1AO0), gap junction protein alpha 1 (GJAl), and early
growth response 1 (EGR1) genes expression in damaged skin. It
appeared that AP-1 acted as a transcriptional activator of
disease-related genes in psoriatic KCs, and genomic evidence
suggested that AP-1 regulated genes in additional cells. We
speculate that the upregulation of WFDC12 expression may be
related to the regulation of gene expression by this transcription
factor site. During the pathogenesis of psoriasis, the activation of
AP-1 transcriptional regulatory factors may lead to the
upregulation of WFDC12 molecule expression.

In the activation of immune cells, protease inhibitors serve a
regulatory role. In a type II collagen-induced inflammatory
model, LCs treated with protease inhibitors can increase T
cells in the incidence and progression of arthritis (41).
Promoted by the keratin 14(K14) promoter, WFDCI12 is
specifically highly expressed in the KCs of transgenic mice.
There was increased in infiltration of dendritic cells in the
lesions area and lymph node, as did IL-12 release in the area
of the lesion after IMQ-induced. Meanwhile, after IMQ-induced,
WEDCI12 overexpression in KCs increased the expression of
CCL19 chemokines in skin lesions and then activated dendritic
cells. We speculate that the WFDC12 may regulate the immune
system by impacting the infiltration of LCs and moDDC cells in
mice after the IMQ-induced psoriasis model. It has been
reported that LCs can expand and migrate to lymph nodes to
promote inflammation after IMQ modeling 48 h (32), which can
release IL-12 to increase the polarization of Thl in lymph nodes
(42). Tt has been shown that moDDC cells may also drive
adaptive immunity to generate a high quantity of IL-12 (43,
44) and that IL-12 can further promote Thl differentiation and
aggravate psoriasis (45). In our experiments, we discovered that
Thl cells of K14-WFDCI12 mice infiltrated the lymph nodes
substantially more than that of WT mice and that IFN-y
secretion was much higher. Furthermore, after IMQ-induced,
IL-17A-producing y8T17 cells were increased in lymph nodes of
K14-WFDCI12 transgenic mice and serum IL-17A levels were
also elevated.

Clinical investigations have demonstrated that psoriasis
patients have a significantly increased number of Thl cells,
implying that Th1 plays a key role in the disease progression
(46, 47). Under the influence of chemokines released by KCs,
polarized Th1 in the lymph nodes can migrate to skin lesions
and release the pivotal inflammatory cytokines IFN-yand others,
then aggravating psoriasis (46). It was suggested that WFDC12
may promote the infiltration of LCs in the epidermis and lymph
nodes, resulting in increased IL-12 production, hence, enhancing
the differentiation of the Th1 cells in the lymph node and the
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IFN-y secretion in the lesions area of the IMQ-induced
psoriasis model.

To investigate the relevant mechanisms of WFDC12 in
psoriasis, the iTRAQ-based proteomics profiling was
performed to compare the expression of the different genes in
the back skin lesions of WFDCI12 transgenic mice and WT mice
after IMQ treatment, discovering significant alterations of genes
expression that was relative to the retinoic acid signaling
pathway in transgenic mice based on the GO analysis, string
analysis, and KEGG signaling pathway results, including
CRABP1, DHRS9, and RDHI10. CRABP1 expression rose;
however, RDH10 and DHRS9 expression dramatically
dropped. The results of Kalinina P et al. showed that WFDC12
is specifically expressed in terminally differentiated KCs and
regulates epidermal serine protease activity (48). Unexpectedly,
we performed GO analysis on 520 differential proteins. As for
the molecular function, the up-regulated differential proteins
participated in serine-type endopeptidase inhibitor activity
(GO:0004867) and endopeptidase inhibitor activity
(GO:0004866). The biological process of down-regulated
differential proteins was involved in serine-type endopeptidase
inhibitor activity (GO:0004867) and hydrolase activity
(GO:0016787) (Figure 5E). The results obtained by our
proteomics are consistent with those of Kalinina P et al.

Some binding and transport proteins in the retinoic acid
signaling pathway influence retinoid absorption and transport,
anabolism, and nuclear transport. Retinol to all-trans retinoic
acid (ATRA) production entails two critical steps: redox
conversion of retinol to retinal, followed by further conversion
to retinoic acid. The conversion of retinol to retinal, which
involves the participation of enzymes such as retinol
dehydrogenase RDH10 and DHRSY, is the first stage in the
creation of ATRA. These enzymes perform an important redox
function in the essential phases of ATRA synthesis. In the
proteome profiling data of the IMQ-induced psoriasis model,
the expression of RDH10 and DHRS9 was down-regulated in the
lesion of K14-WFDCI2 transgenic mice, meaning that a critical
step in the creation of retinoic acid ATRA was blocked, resulting
in a decrease in retinoic acid ATRA synthesis.

In addition to the synthesis of retinoic acid, retinoic acid
catabolism is regulated by a various range of proteins. FABP
gene family transport-binding proteins and P450 enzymes are
involved in the catabolic process of ATRA. FABP gene family
members that play a crucial role in binding traffickings, such as
CRABPI, can bind to ATRA and induce ATRA catabolism to
modify transcriptional regulation (49, 50). The combination of
CRABP1 and ATRA can cause ATRA to be catabolized by the
oxidase in the P450 enzyme system at a lower Km value and a
faster pace (51), indicating that CRABPI can regulate the
reduction of ATRA concentration. We discovered an increase
in the expression of CRABP1 protein in the back lesion area of
K14-WFDCI12 transgenic mice, implying that ATRA
metabolism was increased and intracellular retinoic acid
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concentration was decreased in the back lesion area of K14-
WFDCI12 transgenic mice.

Extensive research has been conducted on the regulation of
retinoic acid production and metabolism signaling pathways on
immune cells. Previous research revealed that the proportion of
LCs in the skin area was significantly reduced after applying the
clinical retinoic acid-derived drug Etretinate, which was locally
treated in the back skin of mice for four consecutive weeks, and the
concentration of the drug was 0.5 and 1.0% (52). The mechanism
of the therapeutic retinoic acid-derived medicine Tazarotene
(Tazarotene) in psoriasis was discovered to selectively activate
RAR subtype molecules (53), and regulate immune cell
activation, therefore playing the immunosuppressive role in the
development of psoriasis. The low concentration of RA binds to
the CRABP family members in the retinol signaling pathway in
immune cells and was transported into the nucleus (54, 55),
inhibiting the transcriptional regulatory signaling pathway of the
transcription factor retinoid acid receptor and retinoid X receptor
(RAR-RXR), thereby damaging the maturation of LCs (56). In
anti-tumor immunity, retinoic acid has also been shown to
suppress the RAR signaling pathway in the immunological
milieu, hence, improving the anti-tumor immune response. The
results of mice or human monocytes treated with RA showed that
RA-induced RAR transcription regulation can down-regulate the
expression of IRF4, a gene related to moDC differentiation, and
inhibit the differentiation and maturation of monocytes into
monocyte-derived DC cells, thereby inhibiting CD4" T cells
from secreting secretion of IFN-y (57). Reduced retinoic acid
indeed inhibits the development of LCs and moDDC cells, as
well as dampened ability of dendritic cells to activate differentiation
of T cells. Consequently, it indicated that the lower retinoic acid
concentration in lesion skin of K14-WFDCI12 transgenic mice may
activate DC cells and Thl cell differentiation by affecting the
expression of RAR-RXR transcription-related genes.

An increase in retinoic acid content can diminish immune
cell activation during the onset and progression of psoriasis.
Retinoic acid is the first-line therapy for the treatment of
psoriasis according to current clinical medication guidelines,
and the substance has a durable therapeutic effect on psoriasis.
Our experimental results showed that the infiltration of DC cells
and Thl cells in the back skin lesions and lymph nodes of K14-
WFDCI12 transgenic mice was increased, as did the release of
inflammatory cytokines IL-12 and IFN-v, and the retinoic acid-
related signaling pathway was altered. We speculated the
downregulation of retinoic acid production in skin lesions on
the psoriasis-like transgenic mice most likely increased immune
cell differentiation and exacerbated inflammation. And the
decreased concentration of retinoic acid may have resulted in
the downregulation of RDH10 and DHRS9 and the upregulation
of CRABPI expression of the back skin lesions of K14-WFDC12
transgenic mice, thereby regulating the expression of IL-12 in
dendritic cells and inducing Thl cells of differentiation. The
activation of immune cells was likely to cause changes in the
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expression of RAR-RXR transcriptional regulation genes by
regulating the retinoic acid signaling pathway, boosting the
maturation of LCs and moDDC cells, and initiating T-cell
differentiation in our experimental model.

Protease inhibitors can affect the synthetic and metabolic
signaling pathways of retinoic acid and regulate gene expression.
Studies have shown that when myeloid leukemia cells were co-
cultured with HIV-1 protease inhibitor and ATRA, HIV-1
protease inhibitor can up-regulate the expression of C/EBPe
messenger RNA in the retinoic acid signaling pathway, thereby
enhancing the inhibition role of ATRA on the induction
immune cells differentiation, which was induced by myeloid
leukemia cell (58). In the next step, we will use Thl cytokine
blockers or retinoic acid signal pathway modulators to observe
whether the severity of psoriatic lesions in mice is improved after
treatment, so as to further clarify the role of WFDCI12 in the
pathogenesis of psoriasis. Through proteomics, we predicted
that CRABP1, DHRSY, and RDH10 genes might be most closely
related to the function of WFDCI2 or the retinoic acid
pathway. We will further study the correlation in later
studies. Further WFDC12 knockout mice are needed to verify
whether the loss of WFDC12 has a protective effect on psoriatic
lesions. In vitro experiments demonstrated the regulatory
pathway or axis of WFDC12 using potential gene dysfunction
in KCs. Although omics studies have shown that the retinoic
acid pathway may be one of the pathways of action of WFDC12,
we will further verify the expression of other pathways in KCs,
such as immunity, protein folding, proliferation, and apoptosis.

In conclusion, WFDC12 might affect the activation of the
retinoic acid signaling pathway and regulate the infiltration of DC
cells in the skin lesions and lymph nodes, thereby inducing Thl
cells differentiation and increasing the secretion of IFN-y to
exacerbate psoriasis in mice. Our study provided a strong
evidence for the regulation mechanism of WFDCI2 in psoriasis
developing, which would be conducive to treatment of psoriasis.
However, future research needs to focus on the exploration of the
specific mechanism by which WFDCI2 protease inhibitor
molecules regulate the retinoic acid synthesis and metabolism
signaling pathways in the occurrence and development of
psoriasis and confirm whether it relies on regulation genes
expression by RAR-RXR transcriptional modulation.

4 Material and method
4.1 Animals

The K14-WFDCI2 transgenic mice were commissioned to
construct by Saiye Biotechnology Co., Ltd. The plasmid was
shown in Figure SIA. C57BL/6 mice (wild type) used for
breeding were purchased according to the policies and
agreements approved by Sichuan University. Sterile house
condition, 12 h light/12 h dark cycle, the temperature of 25 +
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1°C, and free access to water and food. The experiments were
carried out following the National Institutes of Health’s ethical
guidelines for the care and use of laboratory animals and the
International Association for the Study of Pain (IASP). Collect
the tail biopsies of mice and use the Mouse Direct PCR Kit
(Bimake, B40015) for identification of genotype by polymerase
chain reaction (PCR) (Figure S1C). The mice with a 551-bp band
in nucleic acid gel electrophoresis were identified as K14-
WEFDCI12 transgenic mice, which specifically high-expressed
WEFDCI12 protein in KCs (Figure S1C). The WFDC12 primer:
F 5'-TCCAATTTACCCGAGCACCTTC-3’, R 5'-AGCCAGAA
GTCAGATGCTCAAGG-3'. All experimental procedures were
performed following the guidelines of experimental animals
from Sichuan University.

4.2 Human subjects

Biopsies of lesional skin of four psoriasis patients and healthy
skin of four donors were taken from the West China Hospital of
Sichuan University. The screening samples were carried out in
the same way as described before (18). This study was conducted
by the principles of the Helsinki Declaration and was approved
by the ethics committee of West China Hospital of Sichuan
University (Chengdu, Sichuan, China).

4.3 GEO expression datasets

The datasets used in the analyses were obtained from the
GEO database, which is an international public repository for
high-throughput microarray and next-generation sequencing
functional datasets. Three datasets were analyzed for exploring
the expression of WFDCI12 protein in lesion/non-lesional
psoriasis patients and normal skin of healthy persons. In the
GDS4602, a total of 180 skin tissue samples, containing 58
patients with psoriasis (lesion and non-lesion tissues from
each psoriasis patient) and 64 healthy individuals, were
contained for Affymetrix HU133 Plus 2.0 microarray analysis
with more than 54,000 gene probes. Similarly, GDS4600 has 170
samples (85 samples for each class) and was created using the
same methodology of Affymetrix Human Genome U133 Plus 2.0
Array. In the GDS5420, analysis results were obtained from
lesional/non-lesional psoriatic skins for up to 43 days after
treatment with different dosages of Brodalumab, which
specially binds to and inhibits signaling via IL-17RA.

4.4 Imiquimod (IMQ)-induced psoriasis-
like skin inflammation

The treatment of each group was as follows: The female mice
(aged 8 weeks, 17-18 g) were sorted out to construct an IMQ-
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induced psoriasis model. Before induction of IMQ, the back skin
of mice was shaved and exposed with an area of 2 cm x 3 cm.
Following that, the backs of the mice were treated with Aldara
cream (Sichuan MingXin Pharmaceutical Co., LTD., Sichuan,
China) containing 5% IMQ once daily for 1-5 days. On the fifth
day, the treated mice were photographed and sacrificed, then
collect lesional area skins were for the following experimental
analysis. Untreated mice were not used with any drugs and
photographed, and the skin samples were collected directly on
the fifth day.

4.5 PASI score

PASI refers to the area and severity of psoriasis and is a
common scoring method for clinical psoriasis area and severity.
Here, we refer to the scoring standards for psoriasis scores in
K14-WFDCI12 transgenic mice and WT mice, as follows: the
degree of the scale, the degree of erythema, and the degree of
thickening of the back skin; each factor is independent in the
range of 0 to 4. Score (0—none, 1—slight, 2—moderate, 3—
marked, 4—maximum, and recorded every 24 h). The total score
ranges from 0 to 12.

4.6 Reverse transcription-quantitative
polymerase chain reaction (RT-qPCR)

Mice skin tissues were collected, and TRIzol (Invitrogen;
Thermo Fisher Scientific, Inc., Carlsbad, USA) was used to
extract the total RNA according to the manufacture's protocol.
The total RNA (2 pg) was reverse transcribed into cDNA using
the PrimeScript RT reagent kit with gDNA Eraser (Takara Bio,
Inc., Otsu, Japan) at 42°C for 50 min and 85°C for 5 min
according to the instructions. cDNA (20 ng) was subjected to
qPCR analysis with TB Green' " Premix Ex TaqTM II (Tl
RNaseH Plus; Takara Bio, Inc., Otsu, Japan). PCR was run
under the following conditions: initial denaturation at 95°C for
30 sec, 35 cycles of 95°C for 5 sec, annealing and extension at
60°C for 30 sec, and final extension at 72°C for 5 min. -actin
was used as the internal control, and quantification was
performed using the 2—AACt method. All the RT-qPCR
primers were purchased from Chengdu Qing Ke Zi Xi
Biotechnology Co. and were listed in Table S1.

4.7 Western blot

The samples derived from skin tissue were lysed, separated by
electrophoresis on SDS-PAGE gels (Beyotime Institute of
Biotechnology, P0012AC) and transferred to polyvinylidene
fluoride (PVDF) membranes (MerckMinipore, IPVH00010). For
Western blotting detection, the proteins were incubated overnight
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with the following primary antibody: HA (Cell Signaling
Technology, 1:1000 dilution), incubated overnight. Labeling of
the primary antibodies was detected using goat anti-rabbit
antibody conjugated to horseradish peroxidase (HRP)
(Invitrogen,2215587,1:10000 dilution) and further detected using
ECL reagents (MerckMinipore, WBULS0500). Image] was used
for further quantification of the band intensities in the images, and
only the band intensities in the linear range were included.

4.8 Hematoxylin and eosin (H&E)
staining, microscopy, and image analysis

Human skin and mouse dorsal skin were fixed in 4%
paraformaldehyde in PBS, embedded in paraffin, sectioned,
and stained with H&E for histopathologic examination.
Images were captured using an Olympus BX600 microscope
(Olympus Corporation, Tokyo, Japan) and SPOT Flex camera
(Olympus Corporation, Tokyo, Japan) and were analyzed with
ImagePro Plus (version 6.0, Media Cybernetics) software. The
epithelial thickness and infiltrating cells were evaluated in
independent regions. For the measurement of skin thickness,
2-3 visual fields and 5-10 measuring points were selected for
each back film, and the average value was taken.

4.9 Immunohistochemistry, microscopy,
and image analysis

Human skin were fixed in 4% paraformaldehyde in PBS, and
the fixed sections were incubated in 3% H,O, solution in PBS at
room temperature for 10 min. Antigen retrieval was performed in
sodium citrate buffer (0.01 M, pH 6.0) in a microwave oven at 1000
W for 3 min. Nonspecific antibody binding was blocked by
incubation with 5% normal goat serum in PBS for 1 h at room
temperature. Slides were stained overnight at 4°C with the following
primary antibodies: WFDC12 (proteintech, 25101-1-AP;1:500
dilution). The slides were subsequently washed and incubated
with biotin-conjugated secondary antibodies for 30 min, and then
with Horseradish Peroxidase Streptavidin (HRP Streptavidin) for
30 min (SPlink Detection Kits; ZSGB-BIO, SP-9001 or SP-9002).
The sections were developed using the 3,3-Diaminobenzidine
(DAB) substrate kit (ZSGB-BIO, ZLI- 9017) and counterstained
with hematoxylin. Images were captured using an Olympus BX600
microscope and SPOT Flex camera. ImagePro Plus was used for
further quantification of the DAB intensity.

4.10 Histology, immunostaining,
microscopy, and image analysis

Tissue biopsies were directly embedded in OCT compound,
and the frozen sections were fixed in cold methanol-acetone
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(1:1) for 15 min, permeabilized with 0.3% Triton X-100 (Sigma-
Aldrich, X100) in PBS for 15 min, blocked with 5% BSA (Sigma-
Aldrich, B2064) in PBS for 30 min, and then incubated overnight
at 4°C with primary antibodies against WFDC12 (proteintech,
25101-1-AP;1:500 dilution). As a secondary reagent, Goat Anti-
Rabbit IgG H&L (Cy3 ®) preadsorbed (1:200 dilution, ab6939)
were used; they were both from Invitrogen. Nuclear
counterstaining was per- formed with 4',6-diamidino-2-
phenylindole (DAPI; Sigma- Aldrich, D9542). Images were
analyzed with a Leica DM RXA2 confocal microscope
controlled by Leica Microsystems confocal software (version
2.61 Build 1537; all from Leica Microsystems, Wetzlar,
Germany). Image] (National Institutes of Health) was used for
further quantification of the fluorescence and intensities of
the images.

4.11 Enzyme-linked immunosorbent
assay (ELISA)

To detect the levels of IL1I7A in the serum of mouse, the
serum were collected, and the IL17A levels were measured using
the Mouse IL17A ELISA kit [NEOBIOSCIENCE, EMCO008(H)]

according to the manufacturer’s instructions.

4.12 Flow cytometry

4.12.1 Single-cell suspension of epidermis

To obtain single-cell suspension from dorsal skin, samples
were removed from the subcutaneous fat and mucosal tissue
with the scalpel and spread into a petri dish.The samples were
then incubated in 2.4 U/ml dispase II overnight at 4°C and then
immersed in Dulbecco's Modified Eagle Medium (DMEM)
containing 50% (v:v) FBS to inactivate the dispase IL.Gently
scrape off the epidermal layer and add 5 ml of 0.25% EDTA-free
trypsin (Thermo Fisher, 15050057) to the tube to obtain a single
cell suspension, after digestion at 37°C for 20 min. Finally,
neutralized with 5 ml DMEM medium (GbicoTM,
LS11995065). Single-cell suspension of epidermis cells was
made followed by mechanical dissociation with a gentle MACS
dissociator (Miltenyi Biotech, Bergisch Gladbach, Germany),
and filtered sequentially through 70um cell strainers (BD
Bioscience, 352350), and cells were washed once with PBS.

4.12.2 Single-cell suspension of lymph nodes

To obtain single-cell suspension from lymph nodes, samples
were ground in 40-um cell strainers (BD Bioscience, 352340)
with 5 ml of PBS solution, and then filtered with 70-um cell
strainers (BD Bioscience, 352350). Cells were washed once
with PBS.
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4.12.3 Analysis of LCs

The cells were washed and resuspended in PBS. The
single-cell suspensions were stained with the following
antibodies: CD207-PE (144204, BioLegend, San Diego, CA,
USA), FITC-MHCII (I-A-I-E, 107606, BioLegend, San Diego,
CA, USA), APC/Cy7-CD11c (117324, BioLegend, San Diego,
CA, USA), PE/Cy7-CD86 (25-0862-82, eBioscience, Carlsbad,
USA), APC-CD40 (17-0401-82, eBioscience, Carlsbad, USA),
PerCP/Cy5.5-7-aminoactinomycin D (7-AAD) (BioLegend,
420404; 0.5 pg/ml, San Diego, CA, USA). Flow cytometry
was performed using the NovoCyte flow cytometer and ACEA
NovoExpressTM software (ACEA Biosciences, San Diego,
CA, USA).

4.12.4 Analysis of moDDCs

The cells were washed and resuspended in PBS. The single-
cell suspensions were stained with the following antibodies:
PerCP/Cy5.5-7-aminoactinomycin D (7-AAD) (BioLegend,
420404; 0.5 pg/ml, San Diego, CA, USA), APC-CD11b
(17-0112-82, eBioscience, Carlsbad, USA), APC/Cy7-Ly6C
(1208026, BioLegend, San Diego, CA, USA), BV510-CD45
(1033137, BioLegend, San Diego, CA, USA), BV711-CD64
(139311, BioLegend, San Diego, CA, USA), FITC-MHCII, PE-
MerTK (151506, BioLegend, San Diego, CA, USA).

The BD LSRFortessaTM and Flow ]oTM software (BD
Biosciences, Franklin. Lakes, NJ, USA) were used for flow
cytometry analysis.

4.12.5 Analysis of differentiation of Thl and
Thl7 cells

For analyzing the expression of IFN-yand IL-17, the single-
cell suspensions were incubated for 3 h at 37°C with PMA
(Sigma-Aldrich, p1585; 200 ng/ml, Missouri, USA), brefeldin A
(BioLegend, 420601; 5 ug/ml, San Diego, CA, USA), and
ionomycin (Abcam, ab120116; 1 pg/ml, Cambridge, UK).
And then washed and stained with fixable viability stain 620
(FVS 620; BD-Biosciences, Franklin. Lakes, NJ, USA, 564996)
for 10 min. Next, stain cells with following surface antibodies:
APC/Cy7-CD3 (100222, BioLegend, San Diego, CA, USA),
PerCP/Cy5.5-CD4 (100434, BioLegend, San Diego, CA,
USA), PE/Cy7-CD8 (100722, BioLegend, San Diego, CA,
USA). After performing surface staining as described above,
4% paraformaldehyde was used to fix cells and added PBS
solution (containing 0.1% Triton X-100) to permeabilize the
cell surface. Intracellular staining antibodies were included:
PE-IL-17A (506903, BioLegend, San Diego, CA, USA), FITC-
IFN-y (505806, BioLegend, San Diego, CA, USA). After
staining for 30 min, the cells were washed by PBS and using
the NovoCyte flow cytometer and ACEA NovoExpress
software (ACEA Biosciences, San Diego, CA, USA)
for analysis.
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4.12.6 Analysis of IL-17A-producing YT cells

The single-cell suspensions were incubated for 3 h at 37°C
with PMA (Sigma-Aldrich, p1585; 200 ng/ml), brefeldin A
(BioLegend, 420601; 5 pg/ml), and ionomycin (Abcam,
ab120116; 1 pg/ml). And then washed and stained with fixable
viability stain 620 (FVS 620; BD Biosciences, 564996) for 10 min.
Next, stain cells with following surface antibodies: ydT-PE-CY5
(15-5711-81, eBioscience). After performing surface staining as
described above, 4% paraformaldehyde was used to fix cells and
added PBS solution (containing 0.1% Triton X-100) to
permeabilize the cell surface. Intracellular staining antibodies
were included: IL17A-APC (506916, BioLegend). After staining
for 30 min, the cells were washed by PBS and using the
NovoCyte flow cytometer and ACEA NovoExpressTM software
(ACEA Biosciences, San Diego, CA, USA) for analysis.

4.13 Extract protein and quantification of
protein lysis solution

The appropriate amount of each sample was weighed and
transferred into a 2-ml centrifuge tube, add two steel beads, add
1X Cocktail with an appropriate amount of SDS, put on ice for
5 min, add DTT with the final concentration of 10 mM. Then,
use a grinder (power is 60 HZ, time is 2 min) to crush the tissue,
centrifuge at 25,000g, 4°C for 15 min, and collect the
supernatant. Water bath at 56°C for 1 h after adding DTT
with the final concentration of 10 mM again. The IAM at a final
concentration of 55 mM was added and placed in a dark room
for 45 min. Add cold acetone to the protein solution at a ratio of
1:5, place in a refrigerator at -20°C for 30 min, centrifuge at
25,000g, 4°C for 15 min, and discard the supernatant. Use a
grinder (60 HZ, 2min) to promote air-dried protein
solubilization in lysis buffer without SDS. Finally, centrifuge
for 15 min at 25,000g, 4°C to take the supernatant, and the
supernatant is the protein solution. The following quality control
of protein extraction was performed by the Bradford method.

4.14 |sobaric tags for relative and
absolute quantitation (iTRAQ)-based
proteomics profiling

4.14.1 iTRAQ labeling and peptide fractionation

Total proteins (100 pg) were removed from each mice
sample solution, and the proteins were digested using trypsin-
gold (Promega, Madison, WI, USA) at a protein (Ug): trypsin
(ng) ratio of 20:1, vortexed, centrifuged at low speed for 1 min,
and then incubated for 2 h at 37°C. After trypsin digestion, the
peptides were freeze-dried, re-dissolved in 0.5 M
tetraethylammonium bromide (TEAB) for different iTRAQ
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reagents labeling (AB SCIEX, Framingham, MA, USA). Briefly,
one unit of iTRAQ reagent was thawed and then reconstituted in
50 ul of isopropanol. And stand at room temperature for 2 h.
Each sample (three samples of one group) of K14-WFDC12
transgenic mice and WT mice were labeled with iTRAQ reagents
with molecular masses of 113, 114, 115, 116, 117, and 118 Da,
respectively. After labeling, the pooled mixtures of the iTRAQ-
labeled peptides were fractionated by strong cationic exchange
(SCX) chromatography using an LC-20AB HPLC Pump system
(Shimadzu, Kyoto, Japan). The iTRAQ-labeled peptide mixtures
were subsequently reconstituted in the mobile phase (5% ACN,
pH 9.8) and loaded onto a 4.6 mm x 250 mm Gemini C18
column for liquid phase separation of the sample. The peptides
were eluted at a flow rate of 1 ml/min using the following
gradient program: 5% mobile phase B (95% ACN, pH 9.8) for
10 min. Five percent to thirty-five percent mobile phase B for
40 min, 35-95% mobile phase B for 1 min, mobile phase B for
3 min, and 5% mobile phase B for 10 min. The elution peak was
monitored at a wavelength of 214 nm and one component was
collected per minute, and the samples were combined according
to the chromatographic elution peak map to obtain 20
components, which were then freeze-dried.

4.14.2 HPLC and Mass Spectrometry detection

The dried peptide samples were reconstituted with mobile
phase A (2% ACN, 0.1% FA), centrifuged at 20,000¢ for 10 min,
and the supernatant was taken for injection. Separation was
performed by Thermo UltiMate 3000 UHPLC. The sample was
first enriched in trap column and desalted, and then entered a
self-packed C18 column (75-um inner diameter, 3 um column >
particle size, 25 cm column length) and separated at a flow rate
of 300 nl/min by the following effective gradient: 0-5 min, 5%
mobile phase B (98% ACN, 0.1% FA); 5-45min, mobile phase B
linearly increased from 5% to 25%; 45-50 min, mobile phase B
increased from 25% to 35%; 50-52 min, mobile phase B rose
from 35% to 80%; 52-54 min, 80% mobile phase B; 54-60 min,
5% mobile phase B. The nanoliter liquid phase separation end
was directly connected to the mass spectrometer.

The peptides separated by liquid-phase chromatography
were ionized by a nanoESI source and then passed to a
tandem mass spectrometer Q-Exactive HF (Thermo Fisher
Scientific, San Jose, CA) for DDA (data-dependent acquisition)
mode detection. The main parameters were set: ion source
voltage was set to 1.9 kV; MS1 scanning range was 350~1600
m/z; the resolution was set to 60,000; MS2 starting m/z was fixed
at 100, the resolution was 15,000. The ion screening conditions
for MS2 fragmentation: charge 2" to 6, and the top 30 parent
ions with the peak intensity exceeding 10,000. The ion
fragmentation mode was HCD, and the fragment ions were
detected in Orbitrap. The dynamic exclusion time was set to 30 s.
The AGC was set to MS1 3E6, MS2 1ES5.
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4.14.3 PPl networks construction

STRING v10.1 (http://string-db.org/) was applied to analyze
the PPI of DEPs identified in the current study and to construct
PPI networks. The protein interaction information was extracted
from the differential genes of lesion areas of K14-WFDC12
transgenic mice and WT mice within the IMQ-induced
psoriasis model. The active prediction methods, such as
database, experiment, and text mining, were enabled, as well
as species limited to “Mus musculus” and an interaction score >
0.7 were applied to construct the PPI networks.

4.14.4 KEGG pathway analysis

The Database for Annotation, Aisualization and Integrated
Discovery (DAVID) v6.8 comprises a full knowledgebase update
to the KEGG pathways of web-accessible programs (https://
david.ncifcrf.gov). We utilize the KEGG pathway analysis of
lesion areas of K14-WFDCI12 transgenic mice and WT mice
within IMQ-induced psoriasis model to acquire pathway
information of DEGs.

4.15 Statistics

The statistical software GraphPad Prism 9.0 was used for
data analysis in the experiment. The difference between the two
groups was compared by unpaired or paired t-test, and the
experimental data were expressed as M + SD. *p < 0.05, the
difference is statistically significant, **p < 0.01, the difference is
statistically very significant, ***p < 0.001, the difference is
statistically extremely significant, and ns indicates no
statistical significance.

Data availability statement

The mass spectrometry proteomics data have been deposited
to the ProteomeXchange Consortium (http://proteomecentral.
proteomexchange.org) via the iProX partner repository with the
dataset identifier PXD036247.

Ethics statement

The present study was performed in accordance with the
principles of the Helsinki Declaration and approved by the
Ethics Committee of the West China Hospital, Sichuan
University (Chengdu, Sichuan, China). Written informed
consent was obtained from all the study participants prior to
the study.The animal study was reviewed and approved by
Institutional Animal Care and Treatment Committee of
Sichuan University (Chengdu, PR China).

Frontiers in Immunology

18

10.3389/fimmu.2022.873720

Author contributions

FZh, CZ, and JL designed the experiments and present study.
FZh and CZ performed most of the experiments and wrote the
draft of manuscript. GL, HPZ, LG, HZ, YX, ZW, JY, YwH, FZe,
XW, QZ, JH, CY, PZ,NH, YH, WW, KC, and WL contributed to
data analyses and rechecked the manuscript and put forward
meaningful comments on it. All authors approved the final

version of the manuscript.

Funding

This work was supported by the National Natural Science
Foundation of China (81472650, 81673061, 31271483, 81573050,
31872739, 30300313,82003358); National Science and Technology
Major Project (2019ZX09201003-003, 2018ZX09733001-001-006,
201372X09301304001-003, 2012Z2X10002006-003-001,
20097ZX09103-714); Sichuan Provincial Outstanding Youth
Fund (2015]Q0025); Key Research and Development Program
of Sichuan Province (2020YFS0271); Applied Basic Research
Program of Sichuan Province (2008SZ0093).

Acknowledgments

The authors thank WL from the West China Hospital for
providing support and discussions.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fimmu.2022.873720/full#supplementary-material

frontiersin.org


http://string-db.org/
https://david.ncifcrf.gov
https://david.ncifcrf.gov
http://proteomecentral.proteomexchange.org
http://proteomecentral.proteomexchange.org
https://www.frontiersin.org/articles/10.3389/fimmu.2022.873720/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2022.873720/full#supplementary-material
https://doi.org/10.3389/fimmu.2022.873720
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Zhao et al.

References

1. Parisi R, Symmons DP, Griffiths CE, Ashcroft DM. Identification and
Management of Psoriasis and Associated ComorbidiTy (IMPACT) project team
Global epidemiology of psoriasis: A systematic review of incidence and prevalence.
J Invest Dermatol (2013) 133(2):377-85. doi: 10.1038/jid.2012.339

2. Lowes MA, Suarez-Farinas M, Krueger JG. Immunology of psoriasis. Annu
Rev Immunol (2014) 32:227-55. doi: 10.1146/annurev-immunol-032713-120225

3. Stenderup K, Rosada C, Dam TN, Salerno E, Belinka BA, Kachlany SC.
Resolution of psoriasis by a leukocyte-targeting bacterial protein in a humanized
mouse model. ] Invest Dermatol (2011) 131(10):2033-9. doi: 10.1038/jid.2011.161

4. Tortola L, Rosenwald E, Abel B, Blumberg H, Schafer M, Coyle AJ, et al.
Psoriasiform dermatitis is driven by IL-36-mediated DC-keratinocyte crosstalk.
J Clin Invest (2012) 122(11):3965-76. doi: 10.1172/JCI63451

5. Crow JM. Therapeutics: Silencing psoriasis. Nature (2012) 492(7429):S58-59.
doi: 10.1038/492558a

6. Liu X, Fang L, Guo TB, Mei H, Zhang JZ. Drug targets in the cytokine
universe for autoimmune disease. Trends Immunol (2013) 34(3):120-8. doi:
10.1016/4.it.2012.10.003

7. Hugh JM, Weinberg JM. Update on the pathophysiology of psoriasis. Cutis
(2018) 102(55):6-12.

8. Teng MW, Bowman EP, McElwee JJ, Smyth MJ, Casanova JL, Cooper AM,
et al. IL-12 and IL-23 cytokines: From discovery to targeted therapies for immune-
mediated inflammatory diseases. Nat Med (2015) 21(7):719-29. doi: 10.1038/
nm.3895

9. Jacobson NG, Szabo SJ, Weber-Nordt RM, Zhong Z, Schreiber RD, Darnell
JEJr., et al. Interleukin 12 signaling in T helper type 1 (Th1) cells involves tyrosine
phosphorylation of signal transducer and activator of transcription (Stat)3 and
Stat4. ] Exp Med (1995) 181(5):1755-62. doi: 10.1084/jem.181.5.1755

10. Nakagawa M, Coleman HN, Wang X, Daniels ], Sikes J, Nagarajan UM. IL-
12 secretion by langerhans cells stimulated with candida skin test reagent is
mediated by dectin-1 in some healthy individuals. Cytokine (2014) 65(2):202-9.
doi: 10.1016/j.cyt0.2013.11.002

11. Sondergaard JN, Brix S. Isolation of IL-12p70-competent human monocyte-
derived dendritic cells. J Immunol Methods (2012) 386(1-2):112-6. doi: 10.1016/
1,jim.2012.09.005

12. NiX, Lai Y. Keratinocyte: A trigger or an executor of psoriasis? J Leukoc Biol
(2020) 108(2):485-91. doi: 10.1002/JLB.5MR0120-439R

13. Wang A, Bai Y. Dendritic cells: The driver of psoriasis. ] Dermatol (2020) 47
(2):104-13. doi: 10.1111/1346-8138.15184

14. Lou F, Sun Y, Xu Z, Niu L, Wang Z, Deng S, et al. Excessive polyamine
generation in keratinocytes promotes self-RNA sensing by dendritic cells in
psoriasis. Immunity (2020) 53(1):204-216 €210. doi: 10.1016/j.immuni.2020.06.004

15. Kim J, Nadella P, Kim DJ, Brodmerkel C, Correa da Rosa J, Krueger JG, et al.
Histological stratification of thick and thin plaque psoriasis explores molecular
phenotypes with clinical implications. PloS One (2015) 10(7):¢0132454. doi:
10.1371/journal.pone.0132454

16. Mittal M, Siddiqui MR, Tran K, Reddy SP, Malik AB. Reactive oxygen
species in inflammation and tissue injury. Antioxid Redox Signal (2014) 20
(7):1126-67. doi: 10.1089/ars.2012.5149

17. Dai H, Adamopoulos IE. Psoriatic arthritis under the influence of
IFNgamma. Clin Immunol (2020) 218:108513. doi: 10.1016/j.clim.2020.108513

18. Wang Z, Zheng H, Zhou H, Huang N, Wei X, Liu X, et al. Systematic
screening and identification of novel psoriasisspecific genes from the transcriptome
of psoriasislike keratinocytes. Mol Med Rep (2019) 19(3):1529-42. doi: 10.3892/
mmr.2018.9782

19. Coda AB, Icen M, Smith JR, Sinha AA. Global transcriptional analysis of
psoriatic skin and blood confirms known disease-associated pathways and
highlights novel genomic "hot spots" for differentially expressed genes. Genomics
(2012) 100(1):18-26. doi: 10.1016/j.ygeno.2012.05.004

20. Nakane H, Ishida-Yamamoto A, Takahashi H, lizuka H. Elafin, a secretory
protein, is cross-linked into the cornified cell envelopes from the inside of psoriatic
keratinocytes. ] Invest Dermatol (2002) 119(1):50-5. doi: 10.1046/j.1523-
1747.2002.01803.x

21. Tanaka N, Fujioka A, Tajima S, Ishibashi A, Hirose S. Elafin is induced in
epidermis in skin disorders with dermal neutrophilic infiltration: interleukin-1 beta
and tumour necrosis factor-alpha stimulate its secretion in vitro. Br ] Dermatol
(2000) 143(4):728-32. doi: 10.1046/j.1365-2133.2000.03766.x

22. Skrzeczynska-Moncznik J, Wlodarczyk A, Zabieglo K, Kapinska-Mrowiecka
M, Marewicz E, Dubin A, et al. Secretory leukocyte proteinase inhibitor-competent
DNA deposits are potent stimulators of plasmacytoid dendritic cells: implication
for psoriasis. ] Immunol (2012) 189(4):1611-7. doi: 10.4049/jimmunol.1103293

Frontiers in Immunology

19

10.3389/fimmu.2022.873720

23. Zabieglo K, Majewski P, Majchrzak-Gorecka M, Wlodarczyk A, Grygier B,
Zegar A, et al. The inhibitory effect of secretory leukocyte protease inhibitor (SLPI)
on formation of neutrophil extracellular traps. J Leukoc Biol (2015) 98(1):99-106.
doi: 10.1189/jlb.4AB1114-543R

24. Meyer-Hoffert U, Wingertszahn J, Wiedow O. Human leukocyte elastase
induces keratinocyte proliferation by epidermal growth factor receptor activation. J
Invest Dermatol (2004) 123(2):338-45. doi: 10.1111/j.0022-202X.2004.23202.x

25. Smith V], Fernandes JM, Kemp GD, Hauton C. Crustins: enigmatic WAP
domain-containing antibacterial proteins from crustaceans. Dev Comp Immunol
(2008) 32(7):758-72. doi: 10.1016/}.dci.2007.12.002

26. Scott A, Weldon S, Taggart CC. SLPI and elafin: Multifunctional
antiproteases of the WFDC family. Biochem Soc Trans (2011) 39(5):1437-40.
doi: 10.1042/BST0391437

27. Wilkinson TS, Roghanian A, Simpson A]J, Sallenave JM. WAP domain
proteins as modulators of mucosal immunity. Biochem Soc Trans (2011) 39
(5):1409-15. doi: 10.1042/BST0391409

28. Franzke CW, Cobzaru C, Triantafyllopoulou A, Loffek S, Horiuchi K,
Threadgill DW, et al. Epidermal ADAM17 maintains the skin barrier by
regulating EGFR ligand-dependent terminal keratinocyte differentiation. J Exp
Med (2012) 209(6):1105-19. doi: 10.1084/jem.20112258

29. Blaydon DC, Biancheri P, Di WL, Plagnol V, Cabral RM, Brooke MA, et al.
Inflammatory skin and bowel disease linked to ADAM17 deletion. N Engl ] Med
(2011) 365(16):1502-8. doi: 10.1056/NEJMo0al100721

30. Krunic AL, Stone KL, Simpson MA, McGrath JA. Acral peeling skin
syndrome resulting from a homozygous nonsense mutation in the CSTA gene
encoding cystatin a. Pediatr Dermatol (2013) 30(5):e87-88. doi: 10.1111/pde.12092

31. Blaydon DC, Nitoiu D, Eckl KM, Cabral RM, Bland P, Hausser I, et al.
Mutations in CSTA, encoding cystatin a, underlie exfoliative ichthyosis and reveal a
role for this protease inhibitor in cell-cell adhesion. Am J Hum Genet (2011) 89
(4):564-71. doi: 10.1016/j.ajhg.2011.09.001

32. Xiao C,ZhuZ, Sun S, Gao J, Fu M, Liu Y, et al. Activation of langerhans cells
promotes the inflammation in imiquimod-induced psoriasis-like dermatitis. J
Dermatol Sci (2017) 85(3):170-7. doi: 10.1016/j.jdermsci.2016.12.003

33. Suzuki H, Wang B, Shivji GM, Toto P, Amerio P, Tomai MA, et al.
Imiquimod, a topical immune response modifier, induces migration of
langerhans cells. ] Invest Dermatol (2000) 114(1):135-41. doi: 10.1046/j.1523-
1747.2000.00833.x

34. Singh TP, Zhang HH, Borek I, Wolf P, Hedrick MN, Singh SP, et al.
Monocyte-derived inflammatory langerhans cells and dermal dendritic cells
mediate psoriasis-like inflammation. Nat Commun (2016) 7:13581. doi: 10.1038/
ncomms13581

35. Furiati SC, Catarino JS, Silva MV, Silva RF, Estevam RB, Teodoro RB, et al.
Th1, Th17, and treg responses are differently modulated by TNF-alpha inhibitors
and methotrexate in psoriasis patients. Sci Rep (2019) 9(1):7526. doi: 10.1038/
541598-019-43899-9

36. Zaba LC, Fuentes-Duculan ], Eungdamrong NJ, Abello MV, Novitskaya I,
Pierson KC, et al. Psoriasis is characterized by accumulation of immunostimulatory
and Th1/Th17 cell-polarizing myeloid dendritic cells. J Invest Dermatol (2009) 129
(1):79-88. doi: 10.1038/jid.2008.194

37. Heng MC, Moy RL, Lieberman J. Alpha 1-antitrypsin deficiency in severe
psoriasis. Br ] Dermatol (1985) 112(2):129-33. doi: 10.1111/j.1365-
2133.1985.tb00076.x

38. Fattahi S, Kazemipour N, Hashemi M, Sepehrimanesh M. Alpha-1
antitrypsin, retinol binding protein and keratin 10 alterations in patients with
psoriasis vulgaris, a proteomic approach. Iran J Basic Med Sci (2014) 17(9):651-5.

39. Niehaus JZ, Good M, Jackson LE, Ozolek JA, Silverman GA, Luke CJ.
Human SERPINBI2 is an abundant intracellular serpin expressed in most surface
and glandular epithelia. ] Histochem Cytochem (2015) 63(11):854-65. doi: 10.1369/
0022155415600498

40. Haider AS, Duculan J, Whynot JA, Krueger JG. Increased JunB mRNA and
protein expression in psoriasis vulgaris lesions. J Invest Dermatol (2006) 126
(4):912-4. doi: 10.1038/sj.jid.5700183

41. Holmdahl M, Grubb A, Holmdahl R. Cysteine proteases in langerhans cells
limits presentation of cartilage derived type II collagen for autoreactive T cells. Int
Immunol (2004) 16(5):717-26. doi: 10.1093/intimm/dxh079

42. Bock S, Murgueitio MS, Wolber G, Weindl G. Acute myeloid leukaemia-
derived langerhans-like cells enhance Th1 polarization upon TLR2 engagement.
Pharmacol Res (2016) 105:44-53. doi: 10.1016/j.phrs.2016.01.016

43. Ebner S, Ratzinger G, Krosbacher B, Schmuth M, Weiss A, Reider D, et al.
Production of IL-12 by human monocyte-derived dendritic cells is optimal when

frontiersin.org


https://doi.org/10.1038/jid.2012.339
https://doi.org/10.1146/annurev-immunol-032713-120225
https://doi.org/10.1038/jid.2011.161
https://doi.org/10.1172/JCI63451
https://doi.org/10.1038/492S58a
https://doi.org/10.1016/j.it.2012.10.003
https://doi.org/10.1038/nm.3895
https://doi.org/10.1038/nm.3895
https://doi.org/10.1084/jem.181.5.1755
https://doi.org/10.1016/j.cyto.2013.11.002
https://doi.org/10.1016/j.jim.2012.09.005
https://doi.org/10.1016/j.jim.2012.09.005
https://doi.org/10.1002/JLB.5MR0120-439R
https://doi.org/10.1111/1346-8138.15184
https://doi.org/10.1016/j.immuni.2020.06.004
https://doi.org/10.1371/journal.pone.0132454
https://doi.org/10.1089/ars.2012.5149
https://doi.org/10.1016/j.clim.2020.108513
https://doi.org/10.3892/mmr.2018.9782
https://doi.org/10.3892/mmr.2018.9782
https://doi.org/10.1016/j.ygeno.2012.05.004
https://doi.org/10.1046/j.1523-1747.2002.01803.x
https://doi.org/10.1046/j.1523-1747.2002.01803.x
https://doi.org/10.1046/j.1365-2133.2000.03766.x
https://doi.org/10.4049/jimmunol.1103293
https://doi.org/10.1189/jlb.4AB1114-543R
https://doi.org/10.1111/j.0022-202X.2004.23202.x
https://doi.org/10.1016/j.dci.2007.12.002
https://doi.org/10.1042/BST0391437
https://doi.org/10.1042/BST0391409
https://doi.org/10.1084/jem.20112258
https://doi.org/10.1056/NEJMoa1100721
https://doi.org/10.1111/pde.12092
https://doi.org/10.1016/j.ajhg.2011.09.001
https://doi.org/10.1016/j.jdermsci.2016.12.003
https://doi.org/10.1046/j.1523-1747.2000.00833.x
https://doi.org/10.1046/j.1523-1747.2000.00833.x
https://doi.org/10.1038/ncomms13581
https://doi.org/10.1038/ncomms13581
https://doi.org/10.1038/s41598-019-43899-9
https://doi.org/10.1038/s41598-019-43899-9
https://doi.org/10.1038/jid.2008.194
https://doi.org/10.1111/j.1365-2133.1985.tb00076.x
https://doi.org/10.1111/j.1365-2133.1985.tb00076.x
https://doi.org/10.1369/0022155415600498
https://doi.org/10.1369/0022155415600498
https://doi.org/10.1038/sj.jid.5700183
https://doi.org/10.1093/intimm/dxh079
https://doi.org/10.1016/j.phrs.2016.01.016
https://doi.org/10.3389/fimmu.2022.873720
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Zhao et al.

the stimulus is given at the onset of maturation, and is further enhanced by IL-4. ]
Immunol (2001) 166(1):633-41. doi: 10.4049/jimmunol.166.1.633

44. Muller-Berghaus J, Olson WC, Moulton RA, Knapp WT, Schadendorf D,
Storkus WJ. IL-12 production by human monocyte-derived dendritic cells: Looking
at the single cell. J Immunother (2005) 28(4):306-13. doi: 10.1097/
01.¢ji.0000163594.74533.10

45. Jakubzick C, Gautier EL, Gibbings SL, Sojka DK, Schlitzer A, Johnson TE,
et al. Minimal differentiation of classical monocytes as they survey steady-state
tissues and transport antigen to lymph nodes. Immunity (2013) 39(3):599-610. doi:
10.1016/j.immuni.2013.08.007

46. Quaglino P, Bergallo M, Ponti R, Barberio E, Cicchelli S, Buffa E, et al. Thl,
Th2, Th17 and regulatory T cell pattern in psoriatic patients: modulation of
cytokines and gene targets induced by etanercept treatment and correlation with
clinical response. Dermatology (2011) 223(1):57-67. doi: 10.1159/000330330

47. Boehncke WH, Schon MP. Psoriasis. Lancet (2015) 386(9997):983-94. doi:
10.1016/S0140-6736(14)61909-7

48. Kalinina P, Vorstandlechner V, Buchberger M, Eckhart L, Lengauer B,
Golabi B, et al. The whey acidic protein WFDCI12 is specifically expressed in
terminally differentiated keratinocytes and regulates epidermal serine protease
activity. J Invest Dermatol (2021) 141(5):1198-206. doi: 10.1016/}.jid.2020.09.025

49. Noy N. Retinoid-binding proteins: mediators of retinoid action. Biochem
J (2000) 348 Pt 3:481-95. doi: 10.1042/bj3480481

50. Ong DE. Cellular retinoid-binding proteins. Arch Dermatol (1987) 123
(12):1693-1695a. doi: 10.1001/archderm.123.12.1693

51. Fiorella PD, Napoli JL. Expression of cellular retinoic acid binding
protein (CRABP) in escherichia coli. characterization and evidence that holo-

Frontiers in Immunology

20

10.3389/fimmu.2022.873720

CRABP is a substrate in retinoic acid metabolism. J Biol Chem (1991) 266
(25):16572-9.

52. Weinstein GD, Koo JY, Krueger GG, Lebwohl MG, Lowe NJ, Menter MA,
et al. Tazarotene cream in the treatment of psoriasis: Two multicenter, double-
blind, randomized, vehicle-controlled studies of the safety and efficacy of
tazarotene creams 0.05% and 0.1% applied once daily for 12 weeks. ] Am Acad
Dermatol (2003) 48(5):760-7. doi: 10.1067/mjd.2003.103

53. Chandraratna RA. Tazarotene: the first receptor-selective topical retinoid
for the treatment of psoriasis. ] Am Acad Dermatol (1997) 37(2 Pt 3):S12-17.

54. Bernardo D, Mann ER, Al-Hassi HO, English NR, Man R, Lee GH, et al.
Lost therapeutic potential of monocyte-derived dendritic cells through lost tissue
homing; Stable restoration of gut specificity with retinoic acid. Clin Exp Immunol
(2013) 174(1):109-19. doi: 10.1111/cei.12118

55. Ruhl R, Hanel A, Garcia AL, Dahten A, Herz U, Schweigert FJ, et al. Role of
vitamin a elimination or supplementation diets during postnatal development on
the allergic sensitisation in mice. Mol Nutr Food Res (2007) 51(9):1173-81. doi:
10.1002/mnfr.200600277

56. Hashimoto-Hill S, Friesen L, Park S, Im S, Kaplan MH, Kim CH. RARalpha
supports the development of langerhans cells and langerin-expressing conventional
dendritic cells. Nat Commun (2018) 9(1):3896. doi: 10.1038/s41467-018-06341-8

57. Devalaraja S, To TKJ, Folkert IW, Natesan R, Alam MZ, Li M, et al. Tumor-
derived retinoic acid regulates intratumoral monocyte differentiation to promote
immune suppression. Cell (2020) 180(6):1098-1114 e1016. doi: 10.1016/
j.cell.2020.02.042

58. Tkezoe T, Daar ES, Hisatake J, Taguchi H, Koeffler HP. HIV-1 protease
inhibitors decrease proliferation and induce differentiation of human myelocytic
leukemia cells. Blood (2000) 96(10):3553-9. doi: 10.1182/blood.V96.10.3553

frontiersin.org


https://doi.org/10.4049/jimmunol.166.1.633
https://doi.org/10.1097/01.cji.0000163594.74533.10
https://doi.org/10.1097/01.cji.0000163594.74533.10
https://doi.org/10.1016/j.immuni.2013.08.007
https://doi.org/10.1159/000330330
https://doi.org/10.1016/S0140-6736(14)61909-7
https://doi.org/10.1016/j.jid.2020.09.025
https://doi.org/10.1042/bj3480481
https://doi.org/10.1001/archderm.123.12.1693
https://doi.org/10.1067/mjd.2003.103
https://doi.org/10.1111/cei.12118
https://doi.org/10.1002/mnfr.200600277
https://doi.org/10.1038/s41467-018-06341-8
https://doi.org/10.1016/j.cell.2020.02.042
https://doi.org/10.1016/j.cell.2020.02.042
https://doi.org/10.1182/blood.V96.10.3553
https://doi.org/10.3389/fimmu.2022.873720
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	A role for whey acidic protein four-disulfide-core 12 (WFDC12) in the pathogenesis and development of psoriasis disease
	1 Introduction
	2 Result
	2.1 WFDC12 expression positive correlates with psoriasis clinical features
	2.2 IMQ-induced more severer epidermal hyperplasia and inflammatory cells infiltration in K14-WFDC12 transgenic mice than in wild-type mice
	2.3 Much more infiltration of LCs in epidermis and lymph node of K14-WFDC12 transgenic mice after IMQ-induced
	2.4 The infiltration of moDDCs and monocytes was increased in K14-WFDC12 transgenic mice after IMQ-induced
	2.5 Th1(IFN-&gamma;-secreting) differentiation is up-regulated in lymph nodes of K14-WFDC12 transgenic mice than in WT mice after IMQ-induced
	2.6 The retinoic acid–related pathway was changed from K14-WFDC12 psoriasis-like mice comparing with WT mice
	2.6.1 Gene ontology analysis
	2.6.2 String analysis of protein–protein interaction
	2.6.3 Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis

	2.7 The expression of inflammatory cytokines and retinoic-acid signaling pathway-related molecules were changed in lesion areas of K14-WFDC12 transgenic mice after IMQ-induced

	3 Discussion
	4 Material and method
	4.1 Animals
	4.2 Human subjects
	4.3 GEO expression datasets
	4.4 Imiquimod (IMQ)–induced psoriasis-like skin inflammation
	4.5 PASI score
	4.6 Reverse transcription-quantitative polymerase chain reaction (RT-qPCR)
	4.7 Western blot
	4.8 Hematoxylin and eosin (H&amp;E) staining, microscopy, and image analysis
	4.9 Immunohistochemistry, microscopy, and image analysis
	4.10 Histology, immunostaining, microscopy, and image analysis
	4.11 Enzyme-linked immunosorbent assay (ELISA)
	4.12 Flow cytometry
	4.12.1 Single-cell suspension of epidermis
	4.12.2 Single-cell suspension of lymph nodes
	4.12.3 Analysis of LCs
	4.12.4 Analysis of moDDCs
	4.12.5 Analysis of differentiation of Th1 and Th17 cells
	4.12.6 Analysis of IL-17A-producing &gamma;&delta;T cells

	4.13 Extract protein and quantification of protein lysis solution
	4.14 Isobaric tags for relative and absolute quantitation (iTRAQ)–based proteomics profiling
	4.14.1 iTRAQ labeling and peptide fractionation
	4.14.2 HPLC and Mass Spectrometry detection
	4.14.3 PPI networks construction
	4.14.4 KEGG pathway analysis

	4.15 Statistics

	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


