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A

Calcipotriol inhibits psoriasis-like angiogenic
features in K14-VEGF transgenic mice

Background: Angiogenesis is both a notable characteristic of psoriasis
and a key driver of its pathogenesis. Calcipotriol has been used for the
treatment of psoriasis for several decades, yet few studies have focused
on its microvascular mechanism utilizing appropriate animal models.
The K14 vascular endothelial growth factor (VEGF) transgenic mouse
model is an ideal animal model to study the microvascular mechanism
of psoriasis. Objectives: To explore the mechanism through which cal-
cipotriol exerts its anti-angiogenic effect in psoriasis using the K14
VEGF transgenic mouse model Materials & Methods: Having estab-
lished the transgenic mouse model, the K14 VEGF mice were randomly
divided into three groups with topical treatment with either vehicle
cream, calcipotriol ointment or halometasone cream. The skin of the
mice was subsequently collected to evaluate the level of VEGF and pig-
ment epithelium-derived factor (PEDF) as well as microvascular density
(MVD). Furthermore, the phosphorylation level of JAK/STAT3 was also
investigated. Results: In contrast to C57 mice, there was an observed
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increment in the level of VEGF and MVD in the skin of K14 VEGF mice,
while the PEDF level was decreased. Moreover, we found that topical
calcipotriol treatment affected the ratio of VEGF to PEDF, and decreased

MVD in the skin of K14 VEGF mice. In addition, calcipotriol also up-
regulated vitamin D receptor and inhibited the JAK/STAT3 signalling
pathway Conclusion: Calcipotriol inhibits psoriasis-like angiogenic fea-
tures by suppressing VEGF, increasing PEDF and ultimately decreasing
MVD in the skin of K14 VEGF mice, possibly involving the JAK/STAT3
pathway.
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soriasis is a common, chronic, immune-mediated
skin disease associated with polygenic inheritance,
immunological dysfunction and many environmen-

al factors [1, 2]. The aetiology and pathogenesis of
soriasis have remained largely unclear. It is believed that
ngiogenesis plays an important role in the early stage of
soriasis and is also significantly involved in its recur-
ence [3, 4]. Vascular endothelial growth factor (VEGF)
s a widely known proangiogenic cytokine that acts as an
mportant mediator in the promotion of neovascularization
5, 6]. Immunocytes in psoriatic lesions, such as plasma-
ytoid dendritic cells, are reported to be responsible for
he activation of keratinocytes, which further leads to the
4
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eneration of VEGF and subsequently results in neovascu-
arization along with endothelial dysfunction [6]. Pigment
pithelium-derived factor (PEDF) is an effective angiogenic
nhibitor that could inhibit the expression of VEGF and
uppress corneal angiogenesis [7, 8]. The microvascular
yperplasia of psoriasis is considered to be the result of the
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simultaneous effects of these cytokines. CD31 and ICAM-1
have been found to be overly expressed in psoriatic lesions
and are involved in angiogenesis [9-11], making them ideal
practical markers of microvessel density (MVD) [12, 13].
Moreover, the microvascular area has been previously quan-
tified to evaluate the level of MVD in tissue sections of mice,
as previously reported [14, 15].
Calcipotriol, a synthetic derivative of vitamin D3, has been
widely applied as a first-line therapeutic against psoriasis
for several decades due to its regulatory effect on epider-
mal growth, keratinocyte differentiation and T lymphocyte
function [16-18]. To date, the mechanism involved in the
effects of calcipotriol remains unclear, nevertheless, there
are studies suggesting that signalling pathways, such as
JAK/STAT3 [19, 20] and NF-�B, could be involved [21, 22].
doi:10.1684/ejd.2022.4230
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s-like angiogenic features in K14-VEGF transgenic mice. Eur J Dermatol 2022;

Calcipotriol has been reported to inhibit vitreous angiogen-
esis in zebrafish eyes [23] and the secretion of VEGF in
TNF-� stimulated synovial stromal cells [16]. Studies have
shown that the topical application of calcipotriol results in
a significant improvement in the structure of keratinocytes
and the capillary plexus in lesions, and that abnormal
endothelial cells may be replaced by normal endothelial
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ells [24]. Thus, we speculated that the anti-psoriatic effect
f calcipotriol could also be related to suppression of angio-
enesis.
n this study, K14 VEGF transgenic mice were selected to
nvestigate calcipotriol-related mechanisms. In this model,
he human keratin 14 promoter and mouse VEGF coding
enes were inserted into the DNA of mice, resulting in the
verexpression of VEGF, leading to psoriasis-like chronic
nflammation and vascular hyperplasia [25, 26]. The lev-
ls of VEGF, PEDF, CD31 and ICAM-1 in skin lesions of
14 VEGF mice after the topical application of calcipotriol
intment were evaluated to examine the anti-angiogenic
herapeutic effect of calcipotriol on psoriasis. Moreover,
e also conducted experiments to explore whether the

xpression of vitamin D receptor and phosphorylation of
he JAK/STAT3 signalling pathway were affected in mice
reated with calcipotriol.

aterials and methods

aterials
ntibodies against VEGF (Cat#66828-1-Ig), ICAM-
(Cat#10020-1-AP) and mouse IgG2b isotype control
ntibody (Cat#66360-3-Ig) were purchased from Pro-
einTech (Chicago, USA), anti-PEDF antibody from
bclonal (Cat#A16945, Wuhan, China), antibodies against
D31/PECAM-1 (Cat#77699), Jak2 (Cat#3230), p-Jak2

Cat#3771), STAT3 (Cat#4904), p-STAT3 (Cat#9131)
nd rabbit IgG XP® isotype control (Cat#3900) from
ell Signaling Technology (Boston, USA), antibody
gainst vitamin D receptor (Cat#ab109234) from Abcam
Cambridge, England), and goat anti-rabbit IgG-TRITC
Cat#BS10250) was purchased from Bioworld (Nan-
ing, China). DAPI (4’,6-diamidino-2-phenylindole) was
btained from Beyotime Biotechnology (Jiangsu, China).
RT-PCR kit was purchased from Takara (Cat#RR420A,
alian, China). Calcipotriol ointment and halometasone

ream were obtained from BrightFurture (Hong Kong,
hina). Vehicle cream, the Vaseline placebo base cream
ithout active drug substance, was obtained from Shanghai
ermatology Hospital (Shanghai, China).

nimals and treatment
he insertion of the K14 promoter and VEGF-A gene

ragment into the C57 mouse genome was accomplished
y Suzhou SaiYe biological Co., Ltd. (China), utilizing
risper/Cas9 technology. After breeding, the homozy-
ous mice were selected and used in this study. The C57
ice, used as the control, were purchased from JieSi-

ie Experimental Animal Company (Shanghai, China). All
xperiments were approved by the animal ethics commit-
JD, vol. 32, n◦ 1, January-February 2022

ee of Jinshan Hospital and conducted in accordance with
he principles of Guide for the Care and Use of Laboratory
nimals.
or the characterization of the mouse model, an area
f 4 cm × 5 cm on the backs of four-month-old K14
EGF mice and C57 mice was shaved, observed and pho-

ographed. Thereafter, the mice were sacrificed to collect
he skin samples for further experiments.
Time: 3:58 pm

Similarly, to investigate the effects of calcipotriol, the K14
VEGF mice were selected and their dorsal skin was shaved.
They were then randomly divided into three groups (n = 5
for each group): the vehicle cream group (negative con-
trol) using a base cream of Vaseline, the calcipotriol group
(experiment group) using the calcipotriol ointment, and the
halometasone group (positive control) using the halometa-
sone cream. After application for 14 consecutive days, the
back skin from the mice was retrieved for quantitative
real-time PCR, western blot and immunohistochemistry. A
schematic diagram summarising the procedure is presented
in figure 1.

Immunohistochemistry
For immunohistochemical staining of VEGF, PEDF, CD31
and ICAM-1, the skin tissue from the back lesions was fixed
in 4% paraformaldehyde and then embedded in paraffin.
After drying, dewaxing, antigen retrieval and sealing, the
sections were first stained with the primary antibody at 4 ◦C
overnight, then incubated with anti-rabbit or anti-mouse
secondary antibody at 4 ◦C for 30 minutes, then avidin-
biotin complex reagent was used. Areas with brown-yellow
spots in the epidermis or dermis were identified as positive
staining. The IgG-matched isotype antibodies were utilized
for the control sections in order to evaluate non-specific
staining for VEGF, CD31, ICAM-1 and PEDF.
For positive staining analysis, five high-power fields were
randomly selected for each section, then the percentage of
positive nucleated cells and the observed number of vessels
were determined. Data for each mouse was based on the
average number of high-power fields. For the evaluation of
MVD, the dermal vascular area in CD31-stained sections
was quantified and then standardized using the area of the
control group set as “1”, as previously reported [14, 15].
Observed vessel number under high-power (200 × ) was
also determined.

Haematoxylin-eosin (H&E) staining
The skin samples from the back lesions of each mouse
were fixed in 4% paraformaldehyde and embedded in paraf-
fin. After pre-treatment, sections (thickness of 4 �m) were
stained using haematoxylin and eosin.

Immunofluorescence
For immunofluorescence of the vitamin D receptor (Vit
DR), the skin tissue from back lesions was fixed in 4%
paraformaldehyde and then embedded in paraffin. After
antigen retrieval, the sections were first stained with primary
antibody at 4 ◦C overnight, then incubated with secondary
antibody at 4 ◦C for 30 minutes. The nuclei were stained
with DAPI.
25

Real-time PCR
Total RNA was extracted from skin specimens according to
the protocol of the RNA extraction kit. Samples containing
0.5 �g of total RNA were utilized to obtain cDNA by reverse
transcription using PrimeScriptTM RT Reagent Kit with
gDNA Eraser (Perfect Real Time) (Takara). Real-time PCR
was performed with a Lightcycler 480 and a SYBR Green
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Topical application of Vehicle Cream/Calcipotriol Ointment
/Halometasone Cream

Days 0 1 2

Hair Shaving

Vehicle Cream (V) Group: topical application of Vehicle Cream

Calcipotriol Ointment (C) Group: topical a

Halometasone (H) Cream: topical applicati

Sacrifice, tissue collection

3 4 11 12 13 14 15

Figure 1. Summary of animal experiments.

Table 1. Mouse primer sequences.

GENE Primer sequences

VEGF Forward: 5′-AGGAGTACCCCGACGAGATAGA-3′

Reverse: 5′-CACATCTGCTGTGCTGTAGGAA-3′
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PEDF Forward: 5′-TTACGATACGGCTTGGACTCTG-3′

Reverse: 5′-ATGGTCAAGTTCTGGGTCACG-3′

GAPDH Forward: 5′-CCTCGTCCCGTAGACAAAATG-3′

Reverse: 5′TGAGGTCAATGAAGGGGTCGT-3′

ystem (Takara). The primers used in this study are shown
n table 1.

estern blot analysis
ouse skin lysates were initially obtained by homo-

enization. Protein concentrations were then determined
nd western blot analysis was performed, as previously
escribed [27]. Briefly, skin proteins were obtained and pre-
ared for SDS-PAGE gel electrophoresis. Membranes were
ransferred, blocked and incubated with primary and sec-
ndary antibodies, and then visualized. GAPDH was used
s an internal control.

tatistical analysis
ata are presented as mean ± standard error of the mean

SEM) and were compared using unpaired two-tailed
tudent’s t-tests or one-way ANOVA. The results were
nalysed using SPSS version 22.0 software. P < 0.05 was
onsidered as statistically significant. Images were pro-
uced using Adobe Illustrator 2019 software and GraphPad
rism version 8.0 software.
6

esults

stablishment of the K14 VEGF transgenic
ouse model

he K14 VEGF transgenic mice model was successfully
stablished by the insertion of the K14 promoter and
pplication of Calcipotriol Ointment

on of Halometasone Cream

VEGF-A gene fragment into the genome of C57 mice using
Crisper/Cas9 technology. Psoriasis-like lesions, including
erythema (figure 2A), epidermal hyperplasia and dermal
microangiosis (figure 2B), were observed in K14 VEGF
mice, in contrast to C57 mice. Moreover, to investigate the
level of VEGF expression, we harvested the dorsal skin
from K14 VEGF and C57 mice and then determined the
level of VEGF by quantitative real-time PCR and immuno-
histochemical staining. As shown in figure 2C-E, a marked
increase in VEGF was detected in K14 VEGF mice com-
pared to C57 mice. Overall, compared with wild-type mice,
the K14 VEGF mice overexpressed VEGF-A, mediated by
the human keratin 14 promoter, ultimately mimicking the
clinical features of psoriasis.

Evaluation of PEDF level and MVD in K14
VEGF mice
PEDF is an angiogenic inhibitor that is not only closely
associated with psoriasis [28-30], but also acknowledged
as an antagonist against VEGF [29, 31, 32], while MVD is
a common indicator of psoriatic lesions [33, 34]. Samples
of dorsal skin from K14 VEGF mice and C57 mice were
extracted and analysed. As shown in figure 3A-C, in con-
trast to C57 mice, lower expression levels of PEDF were
detected in K14 VEGF mice by qRT-PCR and immunohis-
tochemistry, suggesting an increased ratio of VEGF/PEDF.
Furthermore, the level of CD31, ICAM-1, along with vessel
number and dermal vascular area in the skin of K14 VEGF
mice also increased compared with C57 mice (figure 3D-G),
thus demonstrating increased MVD in the K14 VEGF
mouse model.

Calcipotriol down-regulates the ratio of
VEGF/PEDF in K14 VEGF mice
To investigate whether calcipotriol exerts its anti-psoriatic
EJD, vol. 32, n◦ 1, January-February 2022

effect by regulating the levels of VEGF and PEDF, K14
VEGF mice were grouped and treated with different oint-
ments, as previously described. Immunohistochemistry,
qRT-PCR and western blotting were conducted after col-
lecting the dorsal skin samples. Compared to the vehicle
cream group, regular topical application of calcipotriol
down-regulated the expression of VEGF in the skin of K14
VEGF mice (figure 4A, C, D, F, G), which was similar to
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igure 2. The K14 VEGF mice, in contrast to C57 mice, exhib
n the back skin of K14 VEGF mice. B) Epidermal hyperplas
14 VEGF mouse skin samples. C) RT-PCR of VEGF. D, E)

mmunohistochemistry were all captured at original magnific
he mean ± SEM, n = 3, with statistical significance at ***p<

hat of the halometasone group. Moreover, the mRNA and
rotein level of PEDF were also increased in the calcipotriol
roup in contrast to the vehicle cream group (figure 4B, C,
, H, I). Overall, calcipotriol significantly down-regulated

he ratio of VEGF/PEDF, similarly to halometasone, the
ositive control, demonstrating a strong therapeutic effect
gainst angiogenesis.

alcipotriol down-regulates MVD in K14
EGF mice
he effect of calcipotriol on MVD in K14 VEGF mice was
lso investigated. Topical application of calcipotriol oint-
ent and halometasone cream on the dorsal skin of the K14
EGF mice led to a significant decline in the expression

evels of CD31 and ICAM-1 (figure 5A, B). Furthermore, a
ecrease in the number of dermal vessels and shrinkage in
he vascular area based on the immunohistochemical sec-
ions were also observed (figure 5C, D), demonstrating the
ffectiveness of calcipotriol in down-regulating MVD in the
soriasis-like lesions of K14 VEGF mice.
JD, vol. 32, n◦ 1, January-February 2022

alcipotriol enhances the level of Vitamin D
eceptor and inhibits JAK/STAT3 signalling in
14 VEGF mice

ince calcipotriol is a vitamin D analogue, its effect on
itamin D receptor (Vit DR) was evaluated. As shown
n figure 6A-C, the level of vitamin D receptor was up-
egulated after treatment with calcipotriol. Vitamin D
man-like psoriatic features. A) Erythema and scales observed
d dermal microangiosis observed following H&E staining of
unohistochemistry for VEGF. Images for H&E staining and
of ×200 (scale bar represents 100 �m). The data represent
.

receptor is known to be an effective drug target for autoim-
mune diseases as it regulates the expression of numerous
associated genes [35, 36], among which those related to the
JAK/STAT3 signalling pathway are of particular interest
since the production of VEGF is reported to be medi-
ated by STAT3 during angiogenesis [37, 38]. Therefore,
the JAK/STAT3 signalling pathway was investigated in
mice treated with calcipotriol. Compared with C57 mice,
the phosphorylation levels of JAK2 and STAT3 were both
enhanced in K14 VEGF mice. In addition, calcipotriol sig-
nificantly decreased the level of pJAK and pSTAT3 in K14
VEGF mice (figure 6D-F).

Discussion

For many decades, calcipotriol has been principally used as
topical treatment for psoriasis. However, its mechanism of
action remains largely unclear. Several functions have been
found to be related to the anti-psoriatic therapeutic effect of
calcipotriol. For instance, calcipotriol suppresses the pro-
duction of IL-6, IL-17/IL-23 and TNF-�, which are secreted
27

by keratinocytes, dendritic cells and T cells [17, 39]. A
previous study has shown that calcipotriol also alters the
cellular structure and vascular distribution of the basal layer
in psoriatic skin [24]. However, the effect of calcipotriol on
the vascular system and the mechanism involved are not yet
fully elucidated.
Consequently, we studied the effect of calcipotriol on
the microvasculature of psoriatic lesions. Halometasone,
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igure 3. Expression of PEDF and MVD in K14 VEGF and C
EDF (original magnification: ×200; scale bar represents 10
E) as indicators of MVD (original magnification: ×200).
etermined in CD31 immunohistochemical sections. The da
p<0.05, **p<0.01.

medication widely acknowledged to be very useful as
reatment for psoriasis, was utilized as a positive control for
he evaluation of therapeutic effects of calcipotriol. The K14
EGF mouse model was established by the insertion of a
14-based expression vector and a mouse cDNA encoding
EGF164 into C57 mice, leading to the overexpression of
EGF. VEGF-mediated micro-angiogenesis is considered

o be one of the major drivers of the pathogenesis of pso-
iasis [40]. Thus, sustained increased levels of VEGF may
ltimately reveal characteristic features of psoriasis, such
s epidermis hyperplasia and lymphocyte infiltration [25].
tudies have shown that K14 VEGF mice begin to
xhibit mild pre-psoriatic features at three months of
ge, and spontaneously develop the typical psoriasis-like
anifestations, including epidermal hyperplasia, abnormal

pidermal differentiation and up-regulation of vascular
dhesion molecules [25] by the fifth month. Wang et al.
pplied imiquimod externally to both WT and K14 VEGF
ice and found that the K14 VEGF mice mimicked more
8

ustained, stable psoriasis-like skin inflammation [26].
herefore, this model is ideal and practical for the study of
icro-angiogenesis associated with psoriasis. Consistent
ith the above reports, we successfully established the
14 VEGF mouse model, simulating the clinical and
athological features of human psoriasis. Compared with
57 mice, the dorsal skin of K14 VEGF mice exhibited
ice. A) RT-PCR for PEDF. B, C) Immunohistochemistry for
). D, E) Immunohistochemistry for CD31 (D) and ICAM-1
dermal vascular area (F) and the vessel number (G) were
epresent mean ± SEM, n = 3, with statistical significance at

erythema and scaling. Epidermal proliferation, overexpres-
sion of VEGF and hyperplasia of blood vessels were also
observed as part of the pathogenesis of K14 VEGF mice
(figure 2).
PEDF is a potent angiogenic inhibitor that produces the
opposite effects to VEGF, and there is a general balance
between PEDF and VEGF to maintain body homeostasis
[29, 31, 32]. Yan et al. demonstrated that the imbalance
between VEGF and PEDF could be one of the major fac-
tors in the transformation of normal skin into diseased skin
in psoriasis patients [41]. Therefore, the VEGF/PEDF ratio
is an ideal indicator of angiogenic capability. The experi-
mental results from this study show that, compared to C57
mice, the skin of K14 VEGF mice displayed increased
expression of VEGF and decreased expression of PEDF,
resulting in a higher VEGF/PEDF ratio (Figures 2, 3). Fur-
thermore, this ratio was significantly down-regulated after
topical application of calcipotriol, with a decrease in VEGF
level and increase in PEDF (figure 4). Our experimental
EJD, vol. 32, n◦ 1, January-February 2022

results suggest that calcipotriol exerts its anti-angiogenic
therapeutic effect against psoriasis through the regulation
of the VEGF/PEDF ratio.
CD31, also known as platelet endothelial cell adhesion
molecule-1, plays a key role in angiogenesis, neutrophil
recruitment and platelet aggregation [12, 42]. It is highly
expressed in the endothelial cells of newly formed vessels,
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RNA levels of VEGF and PEDF were determined by RT-

mmunohistochemistry (original magnification × 200; scale ba
ased on expression levels. V group: vehicle cream group; C g
epresent mean ± SEM, n = 3, with statistical significance at *

aking it a useful marker of neovascularization [43].
JD, vol. 32, n◦ 1, January-February 2022

ntercellular cell adhesion molecule-1 (ICAM-1) is a
ember of the cell adhesion molecule family. The con-

inuous and up-regulated expression of ICAM-1 in dermal
ascular endothelial cells may result in aggregation of
nflammatory cells [13, 44]. In this study, the levels of
D31 and ICAM-1, along with vessel number and dermal
ascular area, were used as indicators of MVD, and their
ting the ratio of VEGF to PEDF in K14 VEGF mice. The
(A, B) and protein levels by western bolt analysis (C) and
resents 100 �m) (F-I). D, E) Ratio between VEGF and PEDF

p: calcipotriol group; H group: halometasone group. The data
.05,**p<0.01, ***p<0.001.

levels in K14 VEGF mice lesions all decreased following
29

calcipotriol treatment (figure 5).
The underlying mechanism of the effect of calcipotriol on
K14 VEGF mice was also investigated. Calcipotriol is a
synthetic vitamin D analogue that regulates keratinocyte
function through vitamin D receptors [45]. In this study,
calcipotriol was found to significantly up-regulate the level
of vitamin D receptors (figure 6). Vitamin D receptor plays
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central role in the regulation of many genes involved in
alcium/phosphate homeostasis, cellular proliferation, dif-
erentiation and the immune response [35]. Many studies
ave demonstrated that the vitamin D receptor is impli-
ated in the regulation of the JAK/STAT signalling pathway
46-48], which is involved in the pathogenesis of many
utoimmune diseases including psoriasis [49, 50]. More-
ver, the JAK/STAT signalling pathway is also closely
ssociated with the expression of VEGF, as activation of
AK/STAT signalling effectively leads to the production of
EGF [51-53]. Furthermore, Wei et al. found that activated
0

TAT3 directly activated the VEGF promoter, whereas
ominant-negative STAT3 inhibited the VEGF promoter
54]. Therefore, JAK/STAT signalling is highly likely to
e involved in the effect of vitamin D analogue treat-
ent on the VEGF-induced psoriasis model. The results

f this study also indicate that JAK/STAT signalling was
nhanced in K14 VEGF mice and inhibited by calcipotriol
reatment.
To evaluate the effect of calcipotriol on MVD, the expression
hemistry (original magnification × 200; scale bar represents
he CD31 immunohistochemical sections were quantified. V
halometasone group. The data represent mean ± SEM, n = 3,

Overall, although the mechanisms through which cal-
cipotriol exerts its effect in K14 VEGF mice may be
complicated, due to the diverse and multifunctional role of
vitamin D receptor, we identify JAK/STAT signalling as a
possible prominent factor. The interactions between PEDF
and VEGF are largely unclear, and it has been reported
that PEDF may decrease the expression of VEGF through
many pathways, including suppression of VEGF promoter
activity and inhibiting VEGF-VEGF receptor 2 binding
[31]. The down-regulation of JAK/STAT signalling by cal-
cipotriol suggests the existence of an anti-VEGF pathway
EJD, vol. 32, n◦ 1, January-February 2022

that may not directly involve PEDF.

Conclusion

Calcipotriol is a safe and effective drug for the treatment
of psoriasis, yet its effects on microvascular hyperpla-
sia associated with psoriasis require further clarification.
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his study adopted a proven K14 VEGF mouse model to
xplore the regulatory effects of calcipotriol on microvas-
ular proliferation associated with psoriasis. We uncovered
hat calcipotriol may exert an anti-angiogenic effect in pso-
iasis by down-regulating the expression of VEGF and
p-regulating the expression of PEDF, re-balancing the
atio of VEGF to PEDF, and ultimately decreasing MVD.
ccording to the results of further experiments on vitamin
receptor and JAK/STAT3 signalling, we propose that cal-
JD, vol. 32, n◦ 1, January-February 2022

ipotriol could down-regulate the expression of VEGF by
nhibiting the JAK/STAT3 signalling pathway, thus alle-
iating VEGF-induced psoriasis-like angiogenesis in K14
EGF mice. �
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