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Abstract

disease with 2% to 3% prevalence worldwide and a heavy social-
Background: Psoriasis is a common chronic inflammatory skin
psychological burden for patients and their families. As the exact pathogenesis of psoriasis is still unknown, the current treatment is
far from satisfactory. Thus, there is an urgent need to find a more effective therapy for this disease. Keratin 17 (K17), a type I
intermediate filament, is overexpressed in the psoriatic epidermis and plays a critical pathogenic role by stimulating T cells in
psoriasis. Therefore, we hypothesized that inhibiting K17may be a potential therapeutic approach for psoriasis. This study aimed to
investigate the therapeutic effect of K17-specific small interfering RNA (siRNA) on mice with imiquimod (IMQ)-induced psoriasis-
like dermatitis.
Methods: Eight-week-old female BALB/c mice were administered a 5% IMQ cream on both ears to produce psoriatic dermatitis. On
day 3, K17 siRNA was mixed with an emulsion matrix and applied topically to the left ears of the mice after IMQ application every
day for 7 days. The right ears of the mice were treated in parallel with negative control (NC) siRNA. Inflammation was evaluated by
gross ear thickness, histopathology, the infiltration of inflammatory cells (CD3+ T cells and neutrophils) using immunofluorescence,
and the expression of cytokine production using real-time quantitative polymerase chain reaction. The obtained data were
statistically evaluated by unpaired t-tests and a one-way analysis of variance.
Results: The severity of IMQ-induced dermatitis on K17 siRNA-treated mice ears was significantly lower than that on NC siRNA-
treated mice ears, as evidenced by the alleviated ear inflammation phenotype, including decreased ear thickness, infiltration of
inflammatory cells (CD3+ T cells and neutrophils), and inflammatory cytokine/chemokine expression levels (interleukin 17 [IL-17],
IL-22, IL-23, C-X-C motif chemokine ligand 1, and C-C motif chemokine ligand 20) (P< 0.05 vs. the Blank or NC siRNA groups).
Compared to the NC siRNA treatment, the K17 siRNA treatment resulted in increased K1 and K10 expression, which are
characteristic of keratinocyte differentiation (vs. NC siRNA, K17 siRNA1 group: K1, t= 4.782, P= 0.0050; K10, t= 3.365,
P= 0.0120; K17 siRNA2 group: K1, t= 4.104, P= 0.0093; K10, t= 4.168, P= 0.0042; siRNA Mix group: K1, t= 3.065,
P= 0.0221; K10, t= 10.83, P< 0.0001), and decreased K16 expression, which is characteristic of keratinocyte proliferation (vs. NC
siRNA, K17 siRNA1 group: t= 4.156, P= 0.0043; K17 siRNA2 group: t= 2.834, P= 0.0253; siRNA Mix group: t= 2.734,
P= 0.0250).
Conclusions: Inhibition of K17 expression by its specific siRNA significantly alleviated inflammation in mice with IMQ-induced
psoriasis-like dermatitis. Thus, gene therapy targeting K17 may be a potential treatment approach for psoriasis.
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psoriasis.[2] The inflammatory cells that infiltrate the
Introduction
lesions primarily consist of dendritic cells, T cells, and
Psoriasis is a common chronic autoinflammatory skin
disease characterized by demarcated, red, and scaly
plaques. It is widely believed that genetic and environmen-
tal factors work together to cause hyperproliferation and
dysregulated differentiation of keratinocytes (parakerato-
sis), which leads to thickening of the epidermis (acantho-
sis).[1] Both innate and adaptive immune systems are
involved in the dysregulated immune responses of
Access this article online

Quick Response Code: Website:
www.cmj.org

DOI:
10.1097/CM9.0000000000001197

2910
neutrophils.[2,3] As the etiology of psoriasis is still unclear,
the current treatment is far from satisfactory, and there is
an urgent need to identify a more effective therapy for the
disease.

Keratin 17 (K17) is a type I intermediate filament that
provides mechanical support for keratinocytes to maintain
the functional integrity of the epidermis.[4,5] K17 expres-
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sion is nearly undetectable in the normal epidermis but
overexpressed in hyperproliferative states, such as psoria-

Military Medical University (Xi’an, China). All experi-
mental procedures involving mice were performed in
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sis and wound healing.[6-8] Recent studies have reported
that K17 is far more than a cytoskeletal protein, noting its
involvement in various diseases from dermatoses to
cancer.[9] Our research group has focused on the role of
K17 in psoriasis for nearly two decades and determined
that K17 plays an important role in the pathogenesis of
psoriasis.[10,11] K17 has epitopes similar to those of theM6
Streptococcus protein in order to induce T cells to produce
interferon gamma (IFN-g) in psoriatic patients.[12] Under
stress, keratinocytes are damaged or activated, and K17
epitopes are recognized and presented by dendritic cells or
activated keratinocytes. The activated dendritic cells or
keratinocytes containing K17 epitopes then induce T-cell
proliferation as well as IFN-g, interleukin 17A (IL-17A),
and IL-22 production.[12-15] These cytokines in turn act on
the activated keratinocytes and upregulate K17 gene
expression. All of these factors constitute a K17/T cell/
cytokine autoimmune loop that is involved in the
pathogenesis of psoriasis.[12] Moreover, we found that
K17 is the therapeutic target of several common drugs and
strategies for treating psoriasis, including paeoniflorin,
salvianolic acid B, and narrowband ultraviolet B irradia-
tion.[16-18] Collectively, previous studies have fully eluci-
dated that K17 plays a critical role in the pathogenesis of
psoriasis, and targeting K17 may serve as a potential
treatment mechanism for the disease. However, few studies
have discussed treating psoriasis by directly inhibiting K17
expression via gene therapy.

In the present study, we utilized BALB/c mice to establish
imiquimod (IMQ)-induced psoriasis-like dermatitis and
then evaluated the efficacy of K17 small interfering RNA
(siRNA) in the treatment of psoriasis. The results indicated
that, compared to the mice treated with negative control
(NC) siRNA, the K17 siRNA application significantly
alleviated IMQ-induced psoriatic dermatitis, as evidenced
by decreased ear symptoms and inflammatory infiltration.
Moreover, keratinocyte differentiation was improved
while proliferation was inhibited after applying K17
siRNA. Our study demonstrated that K17 siRNA may
be an effective treatment mechanism for psoriasis.

Methods
Synthesis of siRNAs

The siRNAs specific for mouse K17 were designed and
chemically synthesized by GenePharma (Shanghai, China).
The sequences were as follows: K17 siRNA1, sense
50-GGGAGCAACAGUUAUUCCATT-30, antisense 50-
UGGAAUAACUGUUGCUCCCTT-30; K17 siRNA2,
sense 50-CUACAGCGCUUAUUACCAUTT-30, antisense
50-AUGGUAAUAAGCGCUGUAGTT-30. The sequences
for the scrambled NC siRNA were sense 50-UUCUCC-
GAACGUGUCACGUTT-30 and antisense 50-ACGUGA-
CACGUUCGGAGAATT-30.

Mice and treatment
911
Eight-week-old female BALB/c mice were purchased from
the Department of Laboratory Animal Medicine of Fourth
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compliance with the National Institutes of Health Guide
for the Care and Use of Laboratory Animals and were
approved by the Review Committee for the Use of Animals
of Fourth Military Medical University. For the generation
of psoriatic dermatitis in mice, we applied a 5% IMQ
cream (Aldara; 3MHealth Care Ltd., Loughborough, UK)
topically on both ears of the mice. To evaluate the effect of
K17 inhibition on the development of psoriasis, 2.5 nmol
K17 siRNA was mixed with 2 mL Lipofectamine 3000
(Invitrogen, Waltham, MA, USA) and 5 mmol/L emulsion
matrix and applied topically to the left ear of the mice every
day for 7 days after applying IMQ. The right ear of the
mice was treated with NC siRNA.

Ear thickness measurement and histopathological analysis
Ear thickness was measured with a microcaliper (Type 0–
12.7; YUEQING JINGCHENG, China) at a fixed location
3 mm from the edge of the ear, and an average numerical
reading was recorded. On day 11, the ears of IMQ-treated
mice were cut off after euthanization with CO2, fixed in
10% paraformaldehyde for 8 to 12 h, and embedded in
paraffin. Six-micrometer-thick sections were prepared and
stained with hematoxylin and eosin (H&E). The H&E-
stained sections were scanned using the Hamamatsu
Digital Pathology System, and epidermal thickness was
measured using NDP.view software (Hamamatsu Photon-
ics, Hamamatsu, Japan).

Immunofluorescence analysis
The embedded ear skin samples of the mice were cut into
4-mm sections and stained with anti-mouse K16 (Abcam,
Cambridge, MA, USA), K17 (Abcam), K1 (Abcam), K10
(Abcam), CD3 (Abcam), and Ly6G (Abcam), followed by
staining with an appropriate Cyanine 3-conjugated
secondary antibody (Abcam). Then, the cell nuclei were
counterstained with Hoechst 33258 solution (Abcam) for
an additional 15 min at 37°C. Finally, the images were
captured with LSM 880 (Zeiss, Oberkochen, Germany).

Real-time quantitative polymerase chain reaction (RT-qPCR)
Total RNA from ear skin tissues was extracted using
TRIzol reagent (Invitrogen, Carlsbad, CA, USA). RT-
qPCR was conducted using SYBR Premix Ex TaqTM II
(Takara, Japan) on a CFX384 Real-Time PCR Detection
System (Bio-Rad Laboratories, Hercules, CA, USA). All
primers were synthesized by Sangon Biotech Co., Ltd.
(Shanghai, China). The b-actin was used as a reference
transcript. The relative gene expression levels were
calculated using the 2�DDCt method. The primer sequences
are listed below. All sequences were 50-30: IL-17A forward,
CTCAGACTACCTCAACCGTTCC, reverse, ATGTG
GTGGTCCAGCTTTCC; IL-22 forward, ATGAGTTT
TTCCCTTATGGGGAC, reverse, GCTGGAAGTTGGA-
CACCTCAA; IL-23p40 forward, GACCATCACTG-
TCAAAGAGTTTCTAGAT, reverse, AGGAAAGTCT
TGTTTTTGAAATTTTTTAA; S100A9 forward, ACTC
TTTAGCCTTGAAGAGCAAG, reverse, TTCTTGCTC
AGGGTGTCAGG; CCL20 forward, CAGGCAGAAG-
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CAAGCAACTAC, reverse, AGCTTCATCGGCCATCT
GTC; CXCL1 forward, ACCCAAACCGAAGTCA-

K17 siRNA-treated mice was also significantly lower
than that of the NC siRNA-treated group (vs. NC siRNA,
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TAGC, reverse, ACAGGTGCCATCAGAGCAGT; b-actin
forward, GTGACGTTGACATCCGTAAAGA, reverse,
GCCGGACTCATCGT ACTCC.

Statistical analysis
912
All data in our study were obtained from at least three
independent experiments and are presented as
mean ± standard error. Data between 2 groups were
analyzed with unpaired statistical analyses using the
Student’s t-test, and comparisons between groups were
performed using a one-way analysis of variance followed
by Dunnett’s multiple comparison test. A P< 0.05 was
considered to be statistically significant. Statistical analysis
was performed with Prism 8 software (GraphPad
Software, La Jolla, California).

Results

Local inhibition of K17 expression alleviates the phenotype
of IMQ-induced psoriasis-like dermatitis

To explore whether local direct inhibition of K17
expression by specific siRNAs can treat psoriasis, eight-
week-old female BALB/c mice were administered a 5%
IMQ cream on both ears to induce psoriatic dermatitis
every day for 10 days. To optimize the efficacy of the
application method, we applied two well-designed K17
siRNAs (K17 siRNA1 and 2) alone or in combination. The
combination is hereafter referred to as siRNA Mix, which
is a mixture of K17 siRNA1 and K17 siRNA2 in equal
quantities. From day 3 to day 10 as indicated, K17
siRNA1, 2, or mixed siRNAwere applied to the left ears of
the mice while the right ears were treated in parallel with
negative control (NC siRNA) every day after IMQ
application [Figure 1A]. Compared to that of the Blank
group, the phenotype of IMQ-treated mice was signifi-
cantly exacerbated, suggesting that the IMQ-induced
psoriasis mouse model was successfully constructed.
Moreover, the erythema and scales of the mice treated
with K17 siRNA alone or in combination were signifi-
cantly decreased compared to those of the mice treated
with NC siRNA on day 10 [Figure 1B]. RT-qPCR analysis
was performed to detect the knockdown effect of K17
siRNA in locally treated skin, and the results showed that
K17 expression was significantly decreased by more than
50% after treatment with K17 siRNA (vs.NC siRNA, K17
siRNA1 group: t= 4.035, P= 0.0157; K17 siRNA2 group:
t= 4.035, P= 0.0060; siRNA Mix group: t= 6.506,
P= 0.0074) [Figure 1C]. The dynamic ear thickness of
the mice treated with K17 siRNA was significantly
decreased compared to that of the mice treated with NC
siRNA from day 6 to day 10 and peaked on day 10
(P< 0.05 vs. the Blank and NC siRNA groups). However,
there was no difference in ear thickness from day 3 to day 6
[Figure 1D]. Skin biopsies were performed on day 10, and
examination of the H&E-stained sections showed that
inflammatory cell infiltration in the dermis of the K17
siRNA-treated psoriatic mice was significantly decreased
[Figure 1B]. Epidermal thickness measured from the H&E-
stained sections showed that epidermal hyperplasia in the
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K17 siRNA1 group: t= 12.75, P= 0.0002; K17 siRNA2
group: t= 15.20, P = 0.0001; siRNA Mix group:
t= 11.08, P= 0.0004) [Figure 1E]. However, there was
no significant difference between the single use and
combined use K17 siRNA-treated groups, as evidenced
by the psoriatic indicators. These results indicated that
local inhibition of K17 expression with K17 siRNA could
alleviate the symptoms of psoriasis-like dermatitis induced
by IMQ.

Local inhibition of K17 expression suppresses K16
expression and promotes K1/K10 expression

K16 and K1/K10 are hyperproliferation- and differentia-
tion-associated keratins, respectively, in keratinocytes.[6]

To determine whether K17 siRNA treatment might affect
the expression of K16, K1, and K10 in psoriasis, we
detected K16/K1/K10 expression levels by immunofluo-
rescence analysis. We found that, consistent with previous
reports, K17 was not detectable in a steady state but was
overexpressed in psoriatic ear skin lesions. After the
treatment of psoriasis lesions with K17 siRNA, including
K17 siRNA1/2 and Mix, K17 expression was suppressed
by approximately 50%, further confirming the interference
effect (vs. NC siRNA, K17 siRNA1 group: t= 4.971,
P= 0.0016; K17 siRNA2 group: t= 6.066, P= 0.0005;
siRNA Mix group: t= 3.911, P = 0.0113) [Figure 2A and
B]. K16 expression, which is characteristic of proliferation,
was also significantly inhibited in the K17 siRNA-treated
group (vs. NC siRNA, K17 siRNA1 group: t= 4.156,
P= 0.0043; K17 siRNA2 group: t= 2.834, P= 0.0253;
siRNA Mix group: t= 2.734, P = 0.0250) [Figure 2A and
C]. The expression levels of K1/K10 in keratinocytes,
which are characteristic of differentiation, were signifi-
cantly increased after K17 siRNA treatment compared to
those of control mice (vs.NC siRNA, K17 siRNA1 group:
K1, t= 4.782, P= 0.0050; K10, t= 3.365, P= 0.0120;
K17 siRNA2 group: K1, t= 4.104, P = 0.0093; K10,
t= 4.168, P= 0.0042; siRNA Mix group: K1, t= 3.065,
P= 0.0221; K10, t= 10.83, P< 0.0001) [Figure 2A, D,
and E]. No differences were found among the K17
siRNA1, K17 siRNA2, and Mix groups. These data
suggest that K17 siRNA can suppress the proliferation but
promote the differentiation of keratinocytes.

Suppressing K17 expression decreases inflammatory cell
infiltration in IMQ-treated mice

As psoriasis lesions are characterized by T cell and
neutrophil infiltration, we further detected CD3+ T cell
and Ly6G+ neutrophil counts by immunofluorescence
analysis. The results showed that the numbers of CD3+ T
cells and Ly6G+ neutrophils were significantly increased in
the IMQ- and NC siRNA-treated groups compared to the
Blank group (vs. Blank, K17 siRNA1 group: CD3+ T cells,
t= 5.839, P= 0.0011 and Ly6G+ neutrophils, t= 6.625,
P= 0.0012; K17 siRNA2 group: CD3+ T cells, t= 3.767,
P= 0.0093 and Ly6G+ neutrophils, t= 7.353, P= 0.0003;
siRNAMix group: CD3+ T cells, t= 3.232, P= 0.0231 and
Ly6G+ neutrophils, t= 4.994, P= 0.0025). However, after
K17 siRNA treatment, the numbers of both CD3+ T cells
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andLy6G+neutrophils in psoriatic lesionswere significantly
decreased compared to those in the group treated with NC

psoriatic lesions that have been shown to be involved in the
excessive immune response in psoriasis.[1,19] Therefore, the

Figure 1: Suppressing K17 expression ameliorated the phenotype of psoriasis-like dermatitis induced by IMQ. IMQ and K17 siRNA or scrambled NC siRNA were topically applied every day to
both ears of mice as indicated. Two specific K17 siRNAs (K17 siRNA1/2) alone or in combination were analyzed. Each group contained five mice. (A) Treatment strategy using K17 siRNA in
IMQ-induced psoriasis-like mice. (B) Phenotypical presentation of mice ear skin (upper) and H&E staining of ear sections (lower; scale bar: 300 mm). (C) The knockdown efficiency of K17
siRNA. (D) Dynamic changes in gross ear thickness. (E) Epidermal thickness was measured from the H&E-stained sections. Ten randomly chosen fields of independent images per mouse
were analyzed (n= 6).

∗
P< 0.05 vs. Blank. †P< 0.05 vs. the NC siRNA + IMQ group. Blank: blank group of wild-type mice treated with an emulsion matrix; H&E: hematoxylin and eosin;

IMQ: imiquimod; K: keratin; Mix: mixture of K17 siRNA1 and K17 siRNA2 in equal quantities; NC: negative control; siRNA: small interfering RNA.
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siRNA (vs. the NC siRNA group, K17 siRNA1 group:
CD3+T cells, t= 9.549,P< 0.0001 andLy6G+ neutrophils,
t= 5.976, P= 0.0010; K17 siRNA2 group: CD3+ T cells,
t= 8.079, P< 0.0001 and Ly6G+ neutrophils, t= 6.036,
P= 0.0005; siRNA Mix group: CD3+ T cells, t= 6.651,
P= 0.0002 and Ly6G+ neutrophils, t= 5.071, P= 0.0014)
[Figure 3A–D]. These results confirmed that suppressing
K17 expression with K17 siRNA can decrease the
infiltration of inflammatory cells and subsequently inhibit
skin inflammatory responses upon IMQ application.

Suppressing K17 expression decreases proinflammatory
cytokine expression in the psoriatic lesions of IMQ-treated
mice

IL-17, IL-22, IL-23, and chemokines, including CXCL1
and CCL20, are signature inflammatory cytokines in
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ear skin lesions of mice were harvested for RT-qPCR
analysis to determine cytokine expression levels. The
results showed that the expression levels of IL-17, IL-22,
and IL-23p40 were significantly lower in K17 siRNA-
treated mice than in NC siRNA-treated mice (P< 0.05 vs.
the NC siRNA group) [Figure 4A–C].We also analyzed the
expression of S100A9, which is an important antimicrobi-
al peptide overexpressed in psoriatic skin that has been
suggested to play critical roles in psoriasis,[20] and found
that S100A9 mRNA expression was significantly de-
creased after K17 siRNA treatment (vs. the NC siRNA
group, K17 siRNA1 group: t= 9.169, P = 0.0008; K17
siRNA2 group: t= 3.464, P= 0.0405; siRNA Mix group:
t= 11.21, P= 0.0004) [Figure 4D]. Chemokines, including
CCL20 and CXCL1, are important for the onset and
maintenance of psoriasis. The results showed that the
expression levels of CCL20 and CXCL1 were significantly
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decreased in K17 siRNA-treated mice compared to the
control mice treated with NC siRNA (CCL20, K17

P= 0.0495) [Figure 4E and F]. These data indicated that
K17 siRNA application can ameliorate the inflammation

Figure 2: Suppressing K17 expression inhibited the proliferation and promoted the differentiation of keratinocytes. IMQ and K17 siRNA or scrambled NC siRNA were topically applied every
day to the ears of mice as indicated. Skin biopsies were performed on day 11 and subjected to immunofluorescence staining. (A) Immunofluorescence staining of K16, K17, K1, and K10
(scale bar: 50 mm). (B) Fluorescence intensity of K16. (C) Fluorescence intensity of K17. (D) Fluorescence intensity of K1. (E) Fluorescence intensity of K10. Three independent images per
mouse were analyzed (n= 3). One out of at least three experiments is depicted (mean± standard error of n ≥ 3 mice per group).

∗
P< 0.05 vs. Blank. †P< 0.05 vs. the NC siRNA + IMQ

group. Blank: blank group of wild-type mice treated with an emulsion matrix; IMQ: imiquimod; K: keratin; Mix: mixture of K17 siRNA1 and K17 siRNA2 in equal quantities; NC: negative
control; siRNA: small interfering RNA.
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siRNA1/2 or Mix group: P< 0.0001; CXCL1, K17
siRNA1 group: t= 2.862, P= 0.0353; K17 siRNA2 group:
t= 3.009, P= 0.0396; siRNA Mix group: t= 2.454,

2

of IMQ-induced psoriasis by inhibiting the production of
inflammatory cytokines and chemokines, resulting in the
suppression of inflammatory responses.
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Figure 3: Suppressing K17 expression decreased inflammatory cell infiltration in IMQ-treated mice. IMQ and K17 siRNA or scrambled NC siRNA were topically applied every day to the ears
of mice treated with IMQ as indicated. Skin biopsies were performed on day 11 and subjected to immunofluorescence staining. (A) Immunofluorescence staining of CD3+ T cells (scale bar:
50 mm). (B) Absolute number of CD3+ T cells per spot. (C) Immunofluorescence staining of Ly6G+ neutrophils (scale bar: 50 mm). (D) Absolute number of Ly6G+ neutrophils per spot. Three
independent images per mouse were analyzed (n= 3). One out of at least three experiments is depicted (mean ± standard error of n≥ 3 mice per group).

∗
P< 0.05 vs. Blank. †P< 0.05 vs.

the NC siRNA + IMQ group. Blank: blank group of wild-type mice treated with an emulsion matrix; IMQ: imiquimod; K: keratin; Mix: mixture of K17 siRNA1 and K17 siRNA2 in equal quantities;
NC: negative control; siRNA: small interfering RNA.
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Discussion ative stage under pathological conditions like those of
psoriasis.[10] Increasing studies have demonstrated that

Figure 4: Suppressing K17 expression decreased the expression of proinflammatory cytokines in the psoriatic lesions of IMQ-treated mice. IMQ and K17 siRNA or scrambled NC siRNA were
topically applied every day to the ears of mice as indicated. Skin biopsies were performed on day 11 and subjected to RT-qPCR analysis. The ratio is the relative mRNA level of WT mice
treated with IMQ and/or K17 siRNA to that of the Blank group of WT mice treated with an emulsion matrix. Data are representative of at least three independent experiments, and each group
consisted of three mice (n= 3). The results are presented as the mean ± standard error.

∗
P< 0.05 vs. Blank. †P< 0.05 vs. the NC siRNA + IMQ group. IMQ: imiquimod; K: keratin; Mix:

mixture of K17 siRNA1 and K17 siRNA2 in equal quantities; mRNA: messenger RNA; NC: negative control; RT-qPCR: real-time quantitative polymerase chain reaction; siRNA: small interfering
RNA; WT: wild type.
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Psoriasis is a chronic autoimmune disease that is prone to
clinical relapse. For some patients, it is a lifelong condition
with serious physical and mental health consequences for
themselves and their families.[1,21] The etiology of psoriasis
is very complex and involves various factors, including
heredity, immune dysfunction, endocrine disorder, and
environmental factors.[2] Thus, there is an urgent need to
develop a more effective treatment for psoriasis. Current
research has identified an effective gene therapy targeting
K17 for psoriasis. In this study, by applying K17 siRNA or
NC siRNA to mice with IMQ-induced psoriasis-like
dermatitis, we analyzed the characteristic indicators of
psoriasis to evaluate inflammation severity. We discovered
that topical K17 siRNA application can improve psoriatic
inflammation. Upon treatment with K17 siRNA, the
physical symptoms, epidermal hyperplasia, and inflamma-
tory cell infiltration of the affected mice were significantly
decreased compared to those of the control mice.

K17 is a keratin family member, and its expression in

keratinocytes represents a highly activated and prolifer-

916
2
K17 plays a critical role in the psoriasis maintenance,
aggravation, and relapse. Our group has been investigating
the associations between K17 and psoriasis and recently
proposed a K17/T cell/cytokine positive feedback regula-
tory loop in psoriasis based on the latest findings.[12] The
K17 loop implies that K17 links aberrant keratinocyte
proliferation, the production of psoriatic-related cyto-
kines, and autoreactive T cells in this disease, which are key
events in the pathogenesis of psoriasis. Therefore, K17may
be an attractive target for treating psoriasis. The findings of
this study showed that, as expected, inhibition of K17
expression significantly alleviated psoriatic inflammation.

Consistent with our proposedK17 loop, K17 links aberrant
keratinocyte proliferation with the production of psoriasis-
related cytokines in psoriasis.Our results also indicated that
inhibition of K17 expression can suppress the hyper-
proliferationof keratinocytes, as evidencedbya reduction in
K16 expression. We also found that the expression levels of
chemokines CXCL1 and CCL20, which mainly recruit
neutrophils and dendritic cells to local lesions, respectively,
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were both significantly decreased after inhibiting K17
expression. Recent accumulating evidence has clarified that
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K17 is not only a cytoskeletal protein but also a regulatory
protein.[9] Thus, we hypothesized that the mechanism of
suppressingK17 expression to improve inflammationmight
involve reducing the recruitment of neutrophils or dendritic
cells to local lesions by decreasing the production of
associated chemokines from keratinocytes. Further studies
are needed to explore this concept.

Over the past decade, RNA interference (RNAi) has
emerged as a powerful tool for therapeutic gene silencing,
as it offers the possibility to silence virtually any known
pathology-causing gene with high selectivity and efficien-
cy.[22] RNAi technology has previously been explored as a
treatment option for psoriasis.[23,24] Studies have reported
that tumor necrosis factor alpha (TNF-a) small hairpin
RNA, anti-signal transducer and activator of transcription
3, anti-TNF-a siRNA, anti-IL-6, and anti-defensin beta 4
have been evaluated in a psoriasis xenograft transplanta-
tion model or the IMQ mouse model.[23,25-27] In the
current study, we used K17 siRNA to treat IMQ-induced
psoriatic dermatitis and observed a significant improve-
ment in inflammation. Considering the specific expression
of K17 in keratinocytes rather than circulatory distribu-
tion, siRNA targeting K17 may have a better effect in the
treatment of psoriasis.

The efficacy of gene therapy for skin diseases depends on
the use of effective pathways, delivery methods, and skin
structural characteristics. In the current study, given the
consideration of reducing the likelihood of local and
systemic toxicity, we gave preference to topical applica-
tion. To enhance the delivery of siRNA, we fully mixed
liposomes (Lipofectamine 3000) and an emulsion matrix
with K17 siRNA before application. The findings indicated
that K17 siRNA1 and 2 alone or in combination
significantly decreased the expression of K17, resulting
in a marked improvement of IMQ-induced dermatitis,
evidenced by significant alleviation of erythema and scales
as well as reduction in epidermal thickness. The results are
consistent with our previous study reporting topical
treatment with liposome-encapsulated K17 siRNA in a
psoriasis xenograft transplantation model.[28] Although
we tested different psoriasis research models, we reached
the same conclusion that K17 siRNA can relieve psoriatic
inflammation, which further confirmed the potential of
K17 siRNA to treat psoriasis. Compared to the previous
study, we designed and screened two different K17 siRNAs
with positive therapeutic effects.

Collectively, the results of the present study further confirm
the essential role of K17 in the pathogenesis of psoriasis.
Anti-K17 gene therapy using siRNA can significantly
ameliorate psoriatic inflammation. Therefore, targeting
K17 may become a potential mechanism for the treatment
of psoriasis in the near future.
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