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Retinoic Acid Promotes Interleukin-4
Plasmid-Dimethylsulfoxide Topical Transdermal
Delivery for Treatment of Psoriasis
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Background: Psoriasis is an autoimmune disease that is
caused by a shift in the Th1/Th2 balance toward Th1-
dominant immunity. It has been established as an effective
treatment to counteract psoriasis by subcutaneous injection
of recombinant interleukin (IL)-4, and IL-4 gene therapy by
topical transdermal penetration has shown its antipsoriatic
effect in mice. Retinoic acid (RA) and dimethylsulfoxide can
increase the efficiency of gene transfection in the topical
transdermal delivery system. Objective: We investigated
whether RA could improve anti-psoriasis efficiency using
IL-4 expression plasmid pORF-mlL-4 (pIL-4) via transdermal
delivery system in K14-vascular endothelial growth (K14-
VEGF) factor transgenic mice. Methods: After pretreatment
with RA, plasmid plL-4 in 10% dimethylsulfoxide was
applied to the ear skin by topical transdermal penetration.
Hematoxylin- eosin staining and immunohistochemistry
were performed with ear samples to evaluate anti-psoriasis
efficiency in mice. Results: The psoriasis pathological
features were relieved and psoriasis-associated factors were
significantly reduced. Conclusion: Our results reveal that
topical application of plL-4 in dimethylsulfoxide by trans-
dermal delivery with RA pretreatment can improve psoriasis
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INTRODUCTION

Psoriasis is an autoimmune disease that is caused by a
shift in Th1/Th2 balance toward Th1-dominant immunity.
Histological hallmarks of psoriatic skin include the infil-
tration of multiple immune cells, keratinocyte proliferation
and increased dermal vascularization. A combination of
genetic predisposition and environmental factors would
probably contribute to its autoimmune process'. Fibro-
blasts, keratinocytes, antigen-presenting cells, T cells, and
endothelial cells have all been proposed as candidates for
the primary defect’. It is likely that abnormal regulation of
T cell-keratinocyte interaction with a complex cytokine
network is involved in the pathogenesis of psoriasis®”. It
has been identified that Th17 cells, which can produce
specific cytokine interleukin (IL)-17 and 1L-22, are distinct
from Th1 cells in the dermis of psoriatic subjects. 1L-17
has proinflammatory effects in a variety of cells including
keratinocytes, macrophages, and endothelial cells’. It has
been confirmed that subcutaneous injection with IL-4 can
induce Th2 differentiation in CD4™ T cells and has been
proved as a potential treatment for psoriasis®’.

As previously described®, we have confirmed that efficient
delivery of transgenes to mouse skin was increased by the
use of retinoic acid (RA) and dimethylsulfoxide (DMSO).
DMSO has been shown to promote the permeation of, for
example, antiviral agents, steroids and antibiotics’. We
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also confirmed that 10% DMSO was the optimal trans-
dermal delivery formula for further examination in
819 These results provide a foundation for increasing
the efficiency of gene transdermal penetration with
DMSO.

RA carries out most of the biological activities of vitamin
A and is required for normal growth, cell differentiation,
and immune functions''. Therapeutic RA has profound
effects on psoriatic skin pathology due to its interactions
with various retinoid-binding proteins in keratinocytes'”.
Some researchers have demonstrated that RA could also
markedly increase the transfection efficiency of gene to
skin"*". And we also have developed a novel method for
topical skin gene delivery that utilized RA pretreatment
and transdermal delivery formulation containing 10%
DMSO®. The transfection efficiency of report plasmid
pORF-LacZ was higher with the pretreatment of RA in our
delivery system where DMSO was used as a gene inter-
mediary. All these findings provide a more effective
approach for the subsequent treatment of psoriasis with
topical gene therapy.

In this paper, we investigated whether the antipsoriatic
effect of IL-4 could be improved by transportation across
the stratum corneum via the RA-DMSO mediated trans-
dermal penetration delivery system.

Vivo

MATERIALS AND METHODS

Plasmid DNA preparation

The pORF-mlIL-4 (plL-4) plasmid, containing the murine
IL-4 gene, and pORF-mcs (the empty vector) plasmid, the
empty vector plasmid, were purchased from InvitroGen
(San Diego, CA, USA). All these two plasmids were
purified with an Endo-Free plasmid purification kit
(Qiagen, Hilden, Germany).

Animals

K14-vascular endothelial growth factor (K14-VEGF) trans-
genic mice were purchased from Jackson Laboratories (Bar
Harbor, ME, USA)". K14-VEGF transgenic homozygous

mice (3 months old) with moderate psoriasis were chosen
for the experiment. All studies involving mice (n=24)
were approved by the Animal Experimental Center of
Sichuan University.

Treatment strategy for anti-psoriasis effect

To evaluate the anti-psoriasis effect of the IL-4 gene in the
psoriasis mouse model, plL-4 was prepared for the
pharmacodynamic study as a therapeutic plasmid, and
MCS (the empty vector plasmid), as a control. A total of
five formulas (Table 1) were prepared in the in vivo gene
delivery assay as follows: (a) pretreatment with 0.05% RA,
plL-4/10% DMSO complex (mixture contained pll-4
plasmid and 10% DMSO); (b) pIL-4/10% DMSO complex,
without RA pretreatment; (c) pretreatment with RA, MCS-
10% DMSO (mixture contained empty vector plasmid and
10% DMSO); (d) MCS-10% DMSO, without RA pre-
treatment; and (e) saline solution. Formulas (c) and (d)
were used as controls, and formula (e) as a negative
control. The quantity of plL-4 and empty vector plasmid
respectively was 10 g, and the total drug delivery
volume was 10 £|.

Twenty-five female K14-VEGF mice were picked out for our
experiment. There were five mice in each group. After
treating with 0.09% physiological saline for 15 minutes,
ears of the mice in group (a) and (c) were treated with 20 |
0.05% RA (dissolved in 0.09% physiological saline) every
other day for one week. At the seventh day, four hours
after the ears were pretreated with RA; the mixture
containing plL-4 or MCS and 10% DMSO was pipetted
topically with 10 «1 aliquots on the ear skin (plasmid con-
centration was 1 xg/ 1) with a micropipette once a day,
respectively, for one month. On day 31, photos of the ears
were obtained, All of the ears were harvested and
subsequently subjected to histological and immunohis-
tochemical analyses, as described subsequently.

Hematoxylin and eosin staining and immunohistoche-
mistry

After being photographed, the ears of all mice for the

Table 1. Drug delivery strategy for the treatment of psoriasis in K14-VEGF transgenic mice

Formula

Topical delivery treatment strategy in the ears

(@) RA+DMSO +plL-4
(b) DMSO +plL-4

(c
(
(

2021 0.05% RA (7 days), 10 g plL-4 in 10% DMSO (30 days)
10 g plL-4 in 10% DMSO (30 days)

) RA+DMSO +MCS 20 21 0.05% RA (7 days), 10 £g MCS in 10% DMSO (30 days)
d) DMSO +MCS 10 £g MCS in 10% DMSO (30 days)
e) Saline Saline (30 days)

VEGF: vascular endothelial growth factor, RA: retinoic acid, DMSO: dimethylsulfoxide, plL-4: pORF-mIL-4, MCS: pORF-mcs (multiple

cloning site).
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Fig. 1. Histological phenotype improvement of the ear after
administration in a pharmacodynamic experiment. (AT~ A5) Ma-
croscopic characteristics of the ears. Images show macroscopic
findings of the mice after treatment with AT: RA+DMSO +1L-4;
A2: DMSO+1L-4; A3: RA+DMSO +MCS; A4: DMSO +MCS;
A5: saline. (B1~B5) Pathological characteristics of the ears.
Images show H&E staining of the ears after treatment with B1:
RA+DMSO +1L-4; B2: DMSO+I1L-4; B3: RA+DMSO+ MCS;
B4: DMSO+MCS; B5: saline (original magnification x200).
Thickness A refers to the epidermis thickness of the other four
groups; thickness B was the epidermis thickness of
RA +DMSO +plL-4. Vertical ordinate was the ratio of other group
to RA+DMSO +plL-4. For the rectangle, the top and bottom
respectively means the epidermal thickness ratio of the maxi-
mum to the minimum. Thick solid lines mean the mean value.
Thickness A: RA+DMSO+I1L-4; DMSO+I1L-4; RA+DMSO +
MCS; DMSO +MCS; and saline. Thickness B: RA+DMSO +IL-4.
Bars show mean +standard error of the mean (n=4). RA: retinoic
acid, DMSO: dimethylsulfoxide, IL-4: interleukin-4, MCS: pORF
-mcs (multiple cloning site). *p<0.05.

RA Promotes IL-4 Plasmid-DMSO Topical Treatment of Psoriasis

experiments were harvested. They were fixed with 4%
paraformaldehyde, and the paraffin-embedded ear sam-
ples were sectioned into 5 «m thickness. After they were
deparaffinized, the sections were stained with H&E and
analyzed immunohistochemically. The pathological score
based on the Baker score system was obtained to assess
the severity of the psoriasis'®. Ear sections were immu-
nostained with E-Selectin (CD62E, diluted 1 : 100; Boster,
Wuhan, China), anti-mouse intracellular adhesion mole-
cule-1 (ICAM-1) (CD54, diluted 1 : 100; Boster), anti-mouse
vascular cell adhesion molecule-1 (VCAM-1) (CD106,
diluted 1 : 100; Boster), anti-mouse platelet-endothelial cell
adhesion molecule-1 (PECAM-1) (CD31, diluted 1 : 100;
Santa Cruz Biotechnology, Santa Cruz, CA, USA), anti-
mouse VEGF (diluted 1 : 100; Boster) and anti-mouse VEGF
receptor-2 (VEGFR-2, diluted 1 : 100; BD Pharmingen,
San Diego, CA, USA) in accordance with the manu-
facturers’ instructions.

Statistics

Data are provided as the means. Differences between the
groups were tested by using analysis of one-way ANOVA
with a post hoc Student-Newman-Keuls multiple compa-
risons test. Statistical analyses were performed by SPSS
software (version 17.0; SPSS Inc., Chicago, IL, USA). p<
0.05 was considered statistically significant.

RESULTS

pORF-mIL-4-10% dimethylsulfoxide application with re-
tinoic acid pretreatment markedly relieved psoriasis

We have confirmed that pretreatment of RA can promote
efficient delivery of transgenes in 10% DMSO to mouse
skin by topically transdermal penetration®. Here, we deter-
mined the therapeutic effect when plL-4 was applied to
K14-VEGF transgenic homozygous mice with a serious
inflammatory skin condition, with many of the cellular
and molecular features of psoriasis, including the charac-
teristic vascular changes, epidermal alterations, and infla-

Table 2. Pathological score showing the more remarkable antipsoriasis effects of RA+DMSO +I1L-4 treatment in K14-VEGF transgenic mice

Formula

Pathological score

(@) RA+DMSO +IL-4
(b) DMSO +1L-4

(c) RA+DMSO +MCS
(d) DMSO +MCS

(e) Saline

3.1540.69% "
6.01+0.76
7.84+1.43
13.51+1.69
14.40+3.26

Values are presented as mean + standard deviation. RA: retinoic acid, DMSO: dimethylsulfoxide, IL-4: interleukin-4, VEGF: vascular
endothelial growth factor, MCS: pORF-mcs (multiple cloning site). *p<0.01 compared to the groups of DMSO+MCS and saline.
Tp<0.05 compared to the groups of DMSO+I1L-4 and RA+DMSO +MCS (n=4).
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Fig. 2. Immunohistochemical staining of the ears after antipsoriasis treatment experiment. Sections were stained with special antibodies
(Psoriasis-associated immunological factors were significant reduced after treatment). Immunohistochemical staining with CD54, CD106,
E-selectin, CD31, VEGF and VEGFR-2 of the ears after being treated with the five formulations (RA+DMSO +IL-4; DMSO +1L-4;
RA + DMSO +MCS; DMSO +MCS; and saline); Arrows in the images indicate positive cells stained with the corresponding antibody
(original magnification x400). RA: retinoic acid, DMSO: dimethylsulfoxide, IL-4: interleukin-4, VEGF: vascular endothelial growth
factor, MCS: pORF-mcs (multiple cloning site).
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mmatory infiltration'’. After the treatment with plL-4 in
10% DMSO for one month, psoriasis symptoms including
erythematous, scaly and thickened skin lesions (Fig. 1)
were clearly relieved with the RA pretreatment. Ears that
were pretreated with RA and then treated with pIL-4 in
10% DMSO showed only hyperemia and slight skin
thickness, and there was also a conspicuous decrease in
inflammatory cells (1B in Fig. 1). In the treatment group of
plL-4/10% DMSO complex, in the defect of RA pre-
treatment, the epidermis of the ears exhibited more thick-
ened skin lesions and rete ridges, and a definite infla-
mmatory cell infiltration was observed in the dermis.
Obviously, RA treatment could make a significant impact
on the therapeutic effect of plL-4/10% DMSO complex for
psoriasis. Obviously, regardless of whether RA pretreat-
ment was applied or not, mice in the groups treated with
MCS-DMSO and with saline all showed typical psoria-
siform features in the ear tissue sections (Fig. 1).

The pathological scores of the mice treated with these five
formulas are shown in Table 2. The data verified that there
were significant differences between the RA and plL-
4/10% DMSO complex group and the other four groups.
No significant difference was observed among the control
groups and the negative group. While plL-4/10% DMSO
complex treatment with RA absence also produced a
certain degree of relief in psoriatic symptoms in our study,
these results coincided with previous research'.

Psoriasis-associated immunological factors were signi-
ficantly reduced

The expressions of E-selectin'”'®, CD54 (ICAM-1) and CD
106 (VCAM-1) are a hallmark of the hyperplastic and
inflamed vessels in human psoriatic skin lesions. Similar
to human psoriasis, the expressions of these cell adhesion
molecules were prominent in the hyperplastic vessels in
the psoriasiform skin of K14-VEGF transgenic mice". In
our research, compared to the control groups, expressions
of E-selectin, CD54, and CD106 were down regulated in
the treatment groups of pIL-4/10% DMSO complex, with
or without RA pretreatment. We also found that the
expression of these cell adhesion molecules in the group
treated with RA-plL-4/10% DMSO complex was lower
than the group treated with plL-4/10% DMSO complex
only (Fig. 2). Our results illustrated that inflammation was
relieved with the treatment of plL-4-DMSO, and more
importantly, RA pretreatment enhanced the anti-inflamma-
tory effects of pIL-4-DMSO in gene therapy for psoriasis in
K14-VEGF transgenic mouse.

Furthermore, CD31 was also decreased in vascular endo-
thelial cells in the groups of RA-pIL-4-DMSO and plL-
4-DMSO, but there was no significant difference in the

RA Promotes IL-4 Plasmid-DMSO Topical Treatment of Psoriasis

inhibition of hyperplastic cutaneous blood vessels in the
treatment groups of plL-4-DMSO, regardless of whether
RA pretreatment was applied or not. By contrast, much
more elongated and enlarged vessels was detected in the
control mice of the other three groups (Fig. 2), with this
feature being similar to the defining characteristic of
human psoriatic skin'’. VEGF and VEGFR-2 were also
observed in all immunohistochemically stained ear sec-
tions with special antibodies; nevertheless, there were no
significant variations in any of their expressions in the
mice (Fig. 2).

All the data obtained in our study suggested that RA
pretreatment promoted the antipsoriasis effect of plL-4-
DMSO treatment via the topical transdermal delivery
system.

DISCUSSION

Psoriasis is an immune-mediated skin condition that affe-
cts 2% to 3% of the world's population at present'”*. It
not only affects patients” health-related quality of life but it
also results in a significant financial burden. The patho-
genesis of psoriasis is complex and both genetic and
environmental factors are involved in its pathogenesis’'.
Although the mechanism of trigger in psoriasis is unclear
yet, many researchers’'%** have verified that IL-4 is one of
the great potential candidates for the treatment of pso-
riasis. As previously described®, we have developed a
novel method for topical gene delivery that utilized RA
pretreatment and DMSO as enhancers of gene transfer
into skin by transdermal penetration, and the result indi-
cated that RA pre-treatment can increase the efficiency of
transfection. In other studies, researchers have demon-
strated that RA can markedly increase the transfection
efficiency of gene to skin'. So, in this study, we inves-
tigated whether RA could improve the effect of IL-4 gene
therapy for psoriasis by use of a delivery system of
transgenes to mouse skin.

Psoriasis is associated with inappropriate vascular ex-
pansion within the superficial dermis, abnormal kera-
tinocyte proliferation and differentiation, and inflamma-
tion. In our study, under the premise of RA pretreatment,
these pathological characteristics of psoriasis were impro-
ved markedly in K14-VEGF transgenic mice after the
treatment of RA-pIL-4-DMSO. The pathological score of
the mice treated with RA-plL.-4-DMSO was decreased
nearly 50% compared to mice treated only with plL-4-
DMSO. Obviously, RA pretreatment made the treatment
of plL-4-DMSQO for psoriasis more effective.

Vessels were highly aberrant in the dermis of psoriatic
skin’*?*. Some researchers have proved that E-selectin
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CD54 and CD106 are over expressed in inflamed vas-
culature in psoriatic lesions***. In our experiment, in
contrast with the plL-4-DMSQO application formula without
RA, more significant reductions of the expression of these
cell adhesion molecules were presented in the formula
using RA-pIL-4-DMSO (Fig. 2).

Former studies have reported that psoriatic vasculogenesis
is one of the pathological phenotypes in human pso-
riasis*®. Formation of new blood vessels starts with early
psoriatic changes and disappears with disease clear-
ance”. In our study, although both plL-4-DMSO and
RA-pIL-4-DMSO remarkably suppressed the expression of
CD31, there were no significant differences in the
inhibition of hyperplastic cutaneous blood vessels whe-
ther RA pretreatment was applied or not (Fig. 2). Psoriasis
pathogenesis lies at the crossroads linking the pathways of
angiogenesis and inflammation. Several angiogenic medi-
ators like VEGF, and angiopoietins are up-regulated in
psoriasis development. These mediators may play signi-
ficant roles in the pathophysiology of psoriasis and may
even account for the maintenance of the chronic infla-
mmatory state”’. However, compared to control mice,
there was no obvious inhibition of over-expressed VEGF
in the mice treated by RA-plL-4-DMSO or plL-4-DMSO in
our study, and the expression of VEGFR-2 in all groups
was nearly at the same level. These results possibly reveal
that there was no interaction between miL-4 and VEGF.
Otherwise the inconsistency may also be attributed to the
psoriasis model, VEGF transgenic mouse. VEGF is widely
and constitutively expressed in this psoriasis mouse mo-
del®, and the effect of IL-4 aiming at VEGF may be hard to
detect.

RA and its derivatives have been used successfully for the
treatment of psoriasis and other dermatoses®®. RA exerts its
therapeutic effects through binding to two groups of
nuclear receptors, the RA receptors (RAR) and the retinoid
X receptors (RXR). RAR usually form heterodimers with
RXR, and these dimers bind to specific DNA sequences,
the RA-responsive elements. In this way, RA down re-
gulates the production of cytokines such as interferon- 7,
tumor necrosis factor-@, IL-1. These cytokines play an
important role in inflammatory and immune responses
and are involved in the pathogenesis of psoriasis®®*. |
addition, DMSO also has a potentially anti-inflammatory
property’’. In Table 2, the clinical scores of RA-DMSO-
MCS and DMSO-MCS appear to significantly differ; we
predict this may be the result of the considerable
anti-inflammatory effect of RA in psoriasis.

The penetration and the expression level of plasmid IL-4
were important in our research. We have evaluated the
secreted expression of IL-4 in mouse serum by ELISA (data

n
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not shown). Maybe the level of IL-4 in the serum was too
low to be detected. The IL-4 protein expressed by plL-4
may directly target other inflammatory cells and regulate
the immune response in the K14-VEGF transgenic mice.

It has been well established for many years that Th1 cells
and cytokines are elevated in psoriatic tissue*’. According
to recent data, a new type of T cell, Th17 has been
discovered in the pathogenesis of autoimmune inflamma-
tion. Th1 mediated responses have been shown to contain
mixed populations of Th1 and Th17 cells in psoriasis
tissues, especially in the dermis®*?*. So, the relationship
between IL-4 and Th17 is worth studying in the treatment
of psoriasis.

In conclusion, this work strongly demonstrates that topical
application of IL-4 combined with 10% DMSO after
pretreatment with RA has significantly greater efficacy
against psoriasis in K14-VEGF transgenic mice. These
results may provide a foundation for the treatment of
psoriasis and other skin disorders that uses a more
efficient approach of topical gene therapy.
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