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Abstract: Psoriasis is a chronic inflammatory skin disease. Even though scientists predict that
abnormalities in lipid metabolism play an important role in the pathogenesis of psoriasis, the actual
underlying mechanisms are still unclear. Therefore, understanding the possible relationship between
mechanisms of the occurrence of psoriasis and dyslipidemia is an important issue that may lead
to the development of effective therapies. Under this principle, we investigated the influences of
hyperlipidemia in imiquimod (IMQ)-induced psoriasis-like B6.129S2-Apoetm1Unc/J mice and oxidized
low-density lipoprotein (oxLDL) in tumor necrosis factor (TNF)-α-stimulated Hacat cells. In our
study, we showed that a high-cholesterol diet aggravated psoriasis-like phenomena in IMQ-treated
B6.129S2-Apoetm1Unc/J mice. In vitro analysis showed that oxLDL increased keratinocyte migration
and lectin-type oxLDL receptor 1 (LOX-1) expression. Evidence suggested that interleukin (IL)-23 was
a main cytokine in the pathogenesis of psoriasis. High-cholesterol diet aggravated IL-23 expression
in IMQ-treated B6.129S2-Apoetm1Unc/J mice, and oxLDL induced IL-23 expression mediated by LOX-1
in TNF-α-stimulated Hacat cells. Therefore, it will be interesting to investigate the factors for the
oxLDL induction of LOX-1 in psoriasis. LOX-1 receptor expression may be another novel treatment
option for psoriasis and might represent the most promising strategy.
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1. Introduction

Psoriasis is a chronic inflammatory skin disease of unknown etiology that is estimated to
affect 2–3% of the general population worldwide [1]. Even though conventional psoriasis has
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been thought to be a dermatological disease, current medical literature reports that psoriasis is
actually chronic inflammation [2]. Psoriasis is characterized by patches of abnormal skin that
are typically red, itchy, and scaly. Psoriasis affects the skin, nails, and, sporadically, the joints
and is characterized by epidermal hyperproliferation, abnormal differentiation of keratinocytes,
and lymphocyte infiltration, which results in the raised plaques that constantly molt scales originating
from excessive growth of the epidermal skin layer [3,4]. There are numerous inflammatory cells and
mediators of psoriasis. At the site of psoriatic inflammation, activated T cells predominantly release
cytokines, such as tumor necrosis factor alpha (TNF-α) and IL-2 [5,6]. TNF-α not only contributes to
the hyperproliferation of keratinocytes in the skin but also stimulates adhesion molecule expression
on vascular endothelial cells [4].

Previous reports demonstrated that psoriasis is associated with an increased risk of atherosclerotic
cardiovascular disease, obesity, and hyperlipidemia that potentially increases morbidity and mortality,
which has been suspected for many years [7]. Patients with psoriasis have a higher morbidity
rate of cardiovascular diseases [8]. Additionally, arrhythmias are more universal with psoriasis [9].
In another study, it was suggested that psoriasis patients had a thicker intima-media and impaired
endothelial function of the common carotid artery [10]. According to a descriptive cohort study, patients
with psoriasis had higher risks of myocardial infarction, atherosclerosis, angina, and stroke [11].
The association of psoriasis with metabolic syndrome has recently been extensively established.
Metabolic syndrome contains a variety of cardiovascular risk factors, such as atherosclerosis,
dyslipidemia, and obesity [12–14]. Epidemiological studies have shown a higher incidence of
atherosclerosis, dyslipidemia, and obesity in populations with a pathological lipoprotein profile,
which includes high levels of total cholesterol, low-density lipoprotein (LDL), triglyceride and
low levels of high-density lipoprotein (HDL) [15]. Abnormalities in lipid metabolism play an
important role in the pathogenesis of psoriasis [16]. Although lipid metabolism disorder is one
of the cardiovascular risk factors, some studies disagree with the role of hyperlipidemia in psoriasis.
To date, understanding the possible mechanisms underlying the association between psoriasis and the
atherosclerotic lipoprotein profile is important and may lead to the development of effective therapies.
During the inflammatory process, oxidative stress generates oxidation, alkylation, and glycation to
modify lipoproteins [17] that are recognized by scavenger receptors, such as scavenger receptor (SR-B1),
lectin-like oxidized low-density lipoprotein receptor-1 (LOX-1), and scavenger receptor A (SRA), as well
as induced activation of the intracellular signaling pathway. Furthermore, scavenger receptors with
an important lipoprotein transportation capability have been explored, and their regulation has been
demonstrated in vascular endothelial cells, aortic smooth muscle cells, Kupffer cells, and dendritic
cells of the liver [18]. However, the function and expression of scavenger receptors still needs to
be elucidated, although keratinocytes play critical roles in psoriasis and expressing them had been
explored [19]. In other words, the functional basis of the regulatory mechanisms of scavenger receptor
expression and their roles in psoriasis are not well established. Thus, the first purpose of this study
was to evaluate the effects of modified lipoproteins in psoriasis-like mouse and TNF-α-stimulated
keratinocytes. Additionally, the second purpose of this study was to identify the scavenger receptors
in psoriasis pathogenesis.

2. Results

2.1. Topical Imiquimod Cream Treatment Does Not Affect Serum Lipid Levels or Liver or Kidney Function in
Hc-Diet-Fed B6.129s2-Apoetm1unc/J Mice

In order to confirm that topical imiquimod (IMQ) treatment does not affect serum lipid levels
or liver or kidney function, and high-cholesterol (HC)-diet-fed indeed induces the hyperlipidemia
in B6.129S2-Apoetm1Unc/J mice, the blood biochemical analysis were performed. The levels
of total-cholesterol, Serum blood urea nitrogen (BUN), creatinine, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), triglyceride (TG), and creatinine are shown in Table 1.
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Before beginning the experiment, the baseline total-cholesterol, TG, ALT, AST, BUN, and creatinine
were similar in all the groups. During the experimental period (the end of the 6th week), the levels of
all the parameters did not differ significantly in B6.129P2-Apoetm1Unc/J mice with or without IMQ
treatment in the normal chow diet. In contrast, mice fed the HC had an increased total-cholesterol
level, which reached 1213.5± 174.2 mg/dL and 1047.0± 198.2 mg/dL in the treatment groups without
and with IMQ, respectively. TG reached 92.0 ± 18.4 mg/dL and 94.0 ± 17.7 mg/dL in the treatment
groups without and with IMQ, respectively. Mice fed with the HC diet had significantly induced
accumulation of total-cholesterol and TG compared to the groups fed the normal chow diet. However,
the plasma lipid levels did not increase with the IMQ treatment in HC-diet-fed mice. Additionally,
IMQ treatment did not alter the ALT, AST, BUN, and creatinine in the HC-diet fed mice. The results
showed that topical IMQ cream did not affect the kidney or liver function or the lipid profile in the HC
diet-induced B6.129P2-Apoetm1Unc/J mice.

Table 1. Plasma biochemical characteristics (n = 5) in experimental animals.

Biochemical Characteristics Weeks
Normal Diet HC Diet

IMQ Treatment IMQ Treatment

BUN (mg/dL) 0 28.3 ± 6.0 26.3 ± 6.5 27.2 ± 7.8 26.9 ± 5.2
6 26.2 ± 8.0 27.4 ± 8.1 26.4 ± 7.4 28.4 ± 7.2

Creatinine (mg/dL) 0 0.8 ± 0.2 0.7 ± 0.5 0.9 ± 0.4 0.8 ± 0.3
6 0.6 ± 0.1 0.8 ± 0.2 0.7 ± 0.5 0.7 ± 0.4

AST (IU/L)
0 25.7 ± 3.8 25.6 ± 2.8 26.8 ± 3.4 264 ± 4.2
6 26.7 ± 3.2 27.4 ± 3.6 27.4 ± 2.8 28.3 ± 3.4

ALT (IU/L)
0 35.5 ± 9.1 34.4 ± 12.3 34.6 ± 8.2 35.3 ± 7.6
6 34.8 ± 6.4 36.8 ± 10.2 34.7 ± 6.4 34.8 ± 5.2

Total-cholesterol (mg/dL) 0 28.6 ± 6.2 25.2 ± 3.2 26.4 ± 7.0 27.3 ± 5.8
6 29.5 ± 7.3 27.6 ± 4.8 1213.5 ± 174.2 * 1047.0 ± 198.2 *

TG (mg/dL) 0 16.7 ± 8.3 18.2 ± 6.4 20.4 ± 2.8 19.4 ± 5.8
6 14.8 ± 7.2 17.2 ± 5.3 92.0 ± 18.4 * 94.0 ± 17.7 *

HC diet, high-cholesterol diet; BUN, blood urea nitrogen; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; TG, triglyceride; IMQ, imiquimod. Values are mean ± SD. * p < 0.05 compared with 0 week of the
same group.

2.2. HC-Diet Aggravates Psoriasis-Like Phenomena in IMQ-Treated B6.129S2-Apoetm1Unc/J Mice

The representative photos (Figure 1B) show the psoriasis-like skin in mice fed the normal chow
or HC diet with or without IMQ treatment. Significantly, IMQ treatment induced the occurrence of
psoriasis-like skin in normal chow diet-fed mice. More serious psoriasis-like skin and scarring (circle
area) were observed in IMQ treatment plus HC-diet-fed mice than that in IMQ treatment plus normal
chow diet-fed mice. The quantification of the severity of psoriasis-like skin using the PASI score is
shown as a bar graph. IMQ treatment induced the elevation of PASI score in normal chow diet-fed
mice. Interestingly, the HC-diet slightly induced the elevation of the PASI score. More serious Psoriasis
Area and Severity Index (PASI) score was observed in IMQ treatment plus HC-diet-fed mice than
that in IMQ treatment plus normal chow diet-fed mice. Additionally, structural features characteristic
of IMQ-induced psoriasis-like skin were analyzed on hematoxylin and eosin (HE)-stained sections.
As shown in Figure 1C, normal skin had a thin epidermis. The HC-diet slightly induced the hyperplasia
of the epidermis. Furthermore, the mouse skin revealed severe keratinocyte hyperplasia in HC-diet-fed
mice for 6 weeks after IMQ treatment. These results suggest that the HC-diet aggravated psoriasis-like
phenomena and epidermis hyperplasia in IMQ-treated B6.129S2-Apoetm1Unc/J mice.
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Figure 1. HC-diet aggravated the psoriasis-like phenomena and epidermis hyperplasia in IMQ-treated
B6.129S2-Apoetm1Unc/J mice. (A) The progress of the experiment and animal groupings are presented.
(B) The representative photos of the mice that received IMQ treatment in the normal chow diet or
HC-diet groups. The PASI score was demonstrated as a bar graph (right). (C) Structural feature
characteristics of IMQ-induced psoriasis-like skin were analyzed on H&E stained sections, and analysis
using microscopy at 100× and 200×magnification of the slide. The epidermis thickness was quantified
and presented as a bar graph (right). The results were expressed as the mean ± SD. * p < 0.05 was
considered statistically significant.

2.3. OxLDL Increases Keratinocyte Migration and LOX-1 Expression

In psoriasis, Ki67 will be highly expressed in migrating and proliferating keratinocyte. Therefore,
immunohistochemistry was performed to assay the skin slides. In Figure 2A, Compared to non-IMQ
treatment group, IMQ treatment in the normal chow diet-fed B6.129S2-Apoetm1Unc/J mice slightly
increased Ki67 expression on the epidermis layer. Additionally, mice fed the HC-diet only (without
IMQ treatment) also had slightly induced Ki67 expression. In contrast, mice fed an HC-diet for 6 weeks
plus IMQ treatment had significantly induced accumulation of Ki67 on the epidermis layer compared
with in IMQ treatment plus normal chow diet-fed mice, although the thickness of the epidermis
was not thicker. Since the HC diet aggravated psoriasis-like skin formation in IMQ-induced mice,
major scavenger receptors, such as LOX-1, SR-B1, and SR-A for oxLDL uptake, in the skin in vivo and
keratinocyte in vitro were identified. In normal chow diet-fed groups, compared to non-IMQ treatment,
IMQ treatment indeed increased LOX-1 expression on the epidermis in B6.129S2-Apoetm1Unc/J
mice. Interestingly, the mice fed the HC alone also had increased LOX-1 expression. As expected,
feeding of the HC diet plus IMQ treatment significantly induced the highest expression of LOX-1
in B6.129S2-Apoetm1Unc/J mice. The performance of LOX-1 expression in the area of 1 µm2 was
quantified using TissueGnostics TissueFAXS & HistoFAXS System. Additionally, we performed the
in vitro studies. The cultured Hacat cells were stimulated with 20 or 60 µg/mL of oxLDL for 24 h,
and LOX-1 but not SR-A or SR-B1 increased after stimulation (Figure 2B). The migratory functions
of keratinocytes are believed to be important issues during psoriasis formation. Therefore, in vitro
wound healing assays were performed. After pretreatment of cells with oxLDL for 24 h and scraping
for 6 or 18 h, the migratory ability increased with 20 and 60 µg/mL oxLDL in Hacat cells (20 µg/mL
oxLDL for 18 h: 200.4 ± 19.8% of the control, 60 µg/mL oxLDL for 6 h: 186.7 ± 11.7% of the control,
and 60 µg/mL oxLDL for 18 h: 304.7 ± 25.8% of the control) (Figure 2C). These results indicate that
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oxLDL potentially increases the migration and LOX-1 expression of keratinocytes, which we predict
are associated with the expression of LOX-1.

Figure 2. OxLDL increases keratinocytes migration and LOX-1 expression. (A) The skin slides were
stained with anti-Ki67 or anti-LOX-1 antibodies. The images were acquired at a 200×magnification and
quantified using TissueGnostics TissueFAXS & HistoFAXS System (TissueGnostics, Vienna, Austria).
(B) Hacat cells were treated with 20 or 60 µg/mL of oxLDL, and the total protein was analyzed to assay
the SR-A, SR-B1, and LOX-1 expression. β-actin was used as a loading control. The density of each
band was quantified by a densitometer. (C) Wound healing assays for evaluating the effect of oxLDL
on Hacat cell migration. Hacat cells migrating to the denuded area were counted based on the black
baseline. Hacat cells were cultured with oxLDL for 24 h before wound scraping using a pipette tip.
The photographs were taken 6 and 18 h after wound scraping (×40). The Hacat cells that migrated into
the denuded area (double arrows indicate the denuded area) were analyzed. The magnitude of Hacat
migration was evaluated by counting the migrated cells in six random clones under a high-power
microscope field (×100). The results were expressed as the mean SD; * p < 0.05 was considered
statistically significant.
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2.4. OxLDL Induces Keratinocyte Activity and Aggravates TNF-α Effects on Keratinocytes Mediated
by LOX-1

Since oxLDL simultaneously increased keratinocyte migration and LOX-1 expression,
we performed the DiI-labeled oxLDL uptake assay to study the significance of LOX-1 in
oxLDL-stimulated keratinocyte activity. We knocked down SR-A, SR-B1, or LOX-1 gene expression
using specific siRNA and then treated cells with TNF-α. Figure 3A demonstrates that compared
to naïve cells, the cells in the control group took up less DiI-labeled oxLDL and the cells in the
TNF-α treatment group took up significantly larger amounts of DiI-labeled oxLDL. In the cells with
knocked-down LOX-1 gene expression after siRNA transfection, the red fluorescence of DiI-labeled
oxLDL in the cytoplasm was significantly decreased. However, the phenomenon of DiI-labeled
oxLDL uptake did not change in the SR-A or SR-B1 siRNA-transfected plus TNF-α treatment groups
compared to the TNF-α treatment alone group. Furthermore, western blotting was conducted to assess
the roles of scavenger receptors in TNF-α- and oxLDL-induced keratinocyte LOX-1 enhancement.
Treatment with 60 µg/mL oxLDL plus 5 ng/mL TNF-α induced LOX-1 expression to reach a plateau.
Pretreatment with competitive LOX-1 antibody but not the SR-A and SR-B1 antibodies reversed the
increasing LOX-1 expression (Figure 3B). Finally, the wound healing assay also showed that LOX-1
mediated oxLDL-aggravated migration by TNF-α-stimulated keratinocytes (Figure 3C). These results
suggest that oxLDL induces keratinocyte activity and aggravates TNF-α effects on keratinocytes by
mediating LOX-1.

Figure 3. Cont.
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Figure 3. OxLDL induces keratinocytes activity and aggravates TNF-α effects to keratinocytes
mediating by LOX-1. (A) Hacat cells were transfected with scavenger receptor shRNA for 24 h
and performed with 5 ng/mL of TNF-α treatment for 24 h. After incubation of 80 µg/mL of DiI-labeled
oxLDL for 24 h, the intracellular fluorescence of DiI-labeled oxLDL was observed using confocal
microscopy. (B) Hacat cells were incubated with TNF-α, oxLDL, or oxLDL plus TNF-α for 24 h with
or without preincubation of specific competitive scavenger antibodies. Total proteins were extracted
and western blot analysis was performed. β-actin was used as a loading control. The density of each
band was quantified by a densitometer. (C) Hacat cells were transfected with or without 10 µg/mL of
LOX-1 siRNA for 24 h, and treatment with 5 ng/mL of TNF-α before wound scraping using a pipette
tip. The photographs were taken 18 h after wound scraping (×40). The Hacat cells that migrated into
the denuded area (double arrows indicate the denuded area) were analyzed. The magnitude of Hacat
migration was evaluated by counting the migrated cells in six random clones under a high-power
microscope field (×100). The results were expressed as the mean ± SD; * p < 0.05 was considered
statistically significant.

2.5. HC Diet Aggravates IL-23 Expression in IMQ-Treated B6.129S2-Apoetm1Unc/J Mice, and oxLDL Induces
IL-23 Expression Mediated by LOX-1 in TNF-α-Stimulated Hacat Cells

IL-23 is currently considered to be crucial in the pathogenesis of psoriasis. Therefore,
IL-23 expression was identified in IMQ-treated, HC-diet-fed B6.129S2-Apoetm1Unc/J mice. As shown
in Figure 4A, the normal skin has a thin epidermis and less IL-23 presentation on the epidermis
of the slide. Compared to naïve mice, the mouse skin revealed significant IL-23 expression after
IMQ treatment in B6.129S2-Apoetm1Unc/J mouse fed a normal chow diet. Interestingly, the HC diet
may severely induce IL-23 expression in mice after IMQ treatment. Additionally, Hacat cells were
stimulated with 60 µg/mL oxLDL with or without 5 ng/mL TNF-α, and western blotting showed that
oxLDL induced IL-23 expression by mediating SR-A and LOX-1 (Figure 4B). These results suggest
that the HC diet aggravated IL-23 expression in IMQ-treated B6.129S2-Apoetm1Unc/J mice and that
LOX-1-mediated oxLDL induced IL-23 expression in TNF-α-stimulated Hacat cells.
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Figure 4. HC-diet aggravated the IL-23 expression in IMQ-treated B6.129S2-Apoetm1Unc/J mice and
oxLDL induced IL-23 expression mediating by LOX-1 in TNF-α-stimulated Hacat cells. (A) The
representative photos of the mice received IMQ treatment in a normal chow diet or HC-diet groups.
The skin slides were stained with anti-IL-23 antibody. The images were acquired at a 200×magnification
and quantified using TissueGnostics TissueFAXS & HistoFAXS System (TissueGnostics, Vienna,
Austria). The density of IL-23 expression was presented as a bar graph (right). (B) Hacat cells
were incubated with oxLDL or oxLDL plus TNF-α for 24 h with or without preincubation of
specific competitive scavenger antibodies. Total proteins were extracted and western blot analysis
was performed. β-actin was used as a loading control. The density of each band was quantified
by a densitometer. All results were expressed as the mean ± SD. A * p < 0.05 was considered
statistically significant.

3. Discussion

Psoriasis is a chronic inflammatory disease characterized by patches of abnormal skin.
The relationship between psoriasis and lipid metabolism has been more widely discussed. In 2009,
Leslie et al. determined that IMQ, a nucleoside analog, is a topical treatment for genital and
perianal warts caused by human papilloma virus. IMQ could induce psoriasis-like skin in mice,
including skin inflammation, proliferation, altered differentiation of keratinocytes and increases
in proinflammatory cytokines of the IL-23/IL-17 axis [20]. Xie et al. addressed the potential of
IMQ-induced ApoE-deficient mice, which might be an animal model for the study of psoriasis and
dyslipidemia [21]. They demonstrated that ApoE-deficient mice fed a normal chow diet with IMQ
treatment for 5 days could show psoriasiform skin lesions characterized by scaling and infiltrating
lesions. Additionally, IMQ-induced ApoE-deficient mice showed obviously upregulated LOX-1
expression in the epidermis. In this study, we attempted to understand the possible relationship
between mechanisms of the occurrence of psoriasis and dyslipidemia, therefore, we performed the
investigation using HC diet-fed B6.129S2-Apoetm1Unc/J mice in IMQ-induced psoriasis-like animal
model. Our study demonstrated similar findings and showed that, when ApoE-deficient mice were
fed normal chow diets with IMQ treatment for 7 days, the PASI score and epidermal thickness were
similar to those of previous studies [21]. However, when ApoE-deficient mice were fed an HC diet
with IMQ treatment for 7 days, there were differences in the results. Mice fed the HC diet with IMQ
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treatment had more serious psoriasis. These results suggest that the HC diet aggravated psoriasis-like
phenomena and epidermis hyperplasia in IMQ-treated B6.129S2-Apoetm1Unc/J mice.

Earlier studies indicate that the low-density-lipoprotein (LDL) receptor was expressed on the
epidermis [22,23]. The LDL receptor was expressed at a higher level in the psoriasis skin than in
the normal skin [24,25]. Human low-density lipoprotein is the major lipid protein complex in the
blood for the transport of lipids throughout the body. Human LDL changes into oxLDL by oxidative
stress, inflammation and air pollutants [26]. Scavenger receptor A (SRA), SR-B1, and LOX-1 make up
over 90% of the oxLDL, leading to foam cell formation and secretion of inflammatory cytokines in
atherosclerosis [27]. According to a previous study, SRA receptors recognize different modifications
of LDLs, including oxidized LDL, acetylation LDL, acetoacetylation LDL, and succinylation LDL in
macrophages [28]. In addition to macrophages, SRA receptors were also expressed in smooth muscle
cells [29] and sinusoidal endothelial cells in the liver [30]. Another receptor, SR-B1, has been shown to
be a high-affinity receptor for LDL, VLDL, oxidized LDL, and acetylated LDL, which further activated
the PI3K/Akt and MAPK pathways [31,32]. In the epidermis, SR-BI is the expressed cell surface
receptor for high-density lipoprotein (HDL), which facilitates increased cholesterol uptake leading to
barrier restoration [33]. The last receptor, LOX-1, was first identified as the main receptor for oxidized
LDL (oxLDL) in endothelial cells. It is also expressed in macrophages and smooth muscle cells [34].
In the epidermis, LOX-1 was expressed in the epidermis of mice [21]. However, the relationship
between oxLDL receptor and psoriasis has rarely been discussed. In our study, LOX-1 was more
obviously expressed in mice fed an HC-diet with IMQ treatment than those fed a normal diet with
IMQ treatment. The result implies that the HC diet may increase LOX-1 expression in the mouse
epidermis. In our in vitro study, oxLDL induces keratinocyte activity and aggravates TNF-α effects on
keratinocytes mediated by LOX-1.

According to a previous study, both IL-23 and IL-17 play important roles in the development
of psoriatic disease [35,36]. The IL-23/IL-17 axis is involved in many different diseases, including
rheumatoid arthritis, spondyloarthritis, atherosclerosis, and psoriasis [37]. IL-23 is a pro-inflammatory
cytokine that is an important factor involved in the differentiation of T helper (Th17) cells [38].
Much evidence suggests that IL-23 is a main cytokine in the pathogenesis of psoriasis [39]. In a
clinical study, patients with atherosclerosis had significantly increased plasma levels of IL-23,
which are produced by macrophages and dendritic cells (DCs) [40,41]. In the vascular wall, oxLDL,
cholesterol [42], and nicotine [43] have the capacity to induce IL-23 secretion by DCs. Therefore, it has
considerable relevance between oxLDL and IL-23. In dyslipidemia, oxLDL binding to LOX-1 induces
endothelial dysfunction, macrophage foam cell formation, and smooth muscle cell migration and
proliferation [44]. Even though the studies demonstrate this as well [45], the relationship between the
oxLDL receptor, IL-23, and LOX-1 still need to be discussed in the future.

In conclusion, we demonstrated that HC-diet aggravates psoriasis-like phenomena in IMQ-treated
B6.129S2-Apoetm1Unc/J mice. In vitro study, we indicate that keratinocyte uptake oxLDL through
the LOX-1 but not SRA or SR-B1. Additionally, oxLDL aggravates IL-23 expression by LOX-1 in
TNF-α-stimulated keratinocytes. These results have evidenced the previous clinical observation that
psoriasis may be exacerbated by dyslipidemia. Ongoing study, we are analyzing the pathological
changes of psoriasis after dealing with hyperlipidemia in patients who present with hyperlipidemia
and psoriasis. We look forward to finding out the true roles of modified LDL in psoriasis.

4. Materials and Methods

4.1. In Vivo Animal Study

4.1.1. Ethics Statement

All animals were treated according to protocols approved by the Institutional Animal Care
Committee of Taipei Medical University in Mar-24, 2014 (certificate No: LAC-2014-0327). Experimental
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procedures and animal care conformed to the “Guide for the Care and Use of Laboratory Animals”
published by the U.S. National Institutes of Health (Publication No. 85–23, revised 1996).

4.1.2. Animal Grouping and Experiment Protocol

All animals were kept in microisolator cages on a 12 h day/night cycle and fed a normal murine
chow diet (Scientific Diet Services, Essex, UK) or HC diet (60% of energy from fat; TestDiet 58Y1;
TestDiet, St Louis, MO, USA) with water ad libitum. Twenty 6–8-week-old male B6.129S2-Apoetm1Unc/J
mice (a homozygous Apoetm1Unc mutation mouse have an elevated cholesterol level when fed a
HC diet; JAX®, 002052, Jackson Laboratory, Bar Harbor, ME, USA) were used. The psoriasis-like skin
inflammation model was modified according to the previous reference [20]. Mice were treated by daily
topical application of a dose of 62.5 mg/cm2 5% IMQ cream on the shaved back for 7 consecutive days.
All animals were randomly divided into four groups with 5 mice in each group (Figure 1A): group
1 (naïve control) mice were fed a normal chow diet; group 2 mice were fed a normal chow diet and
received IMQ treatment at the beginning of experimental week 6; group 3 mice were fed the HC diet;
and group 4 mice were fed the HC diet and received IMQ treatment at the beginning of experimental
week 6. At the end of the experiment (end of week 6/day 42), the mice were sacrificed, and the treated
skin was removed. To evaluate the severity of the inflammation of the shaved skin, the Psoriasis Area
and Severity Index (PASI) method was used. Each of four symptoms (erythema, scaling, thickness,
and cumulative scores) was scored separately according to the following scale: 0 (not present), 1 (mild),
2 (moderate), or 3 (severe), summed up and an integration bar was drawn for each group.

4.1.3. Biochemical Measurements

Blood samples for biochemical measurements were collected from each animal before starting
the experiment, at the end of 6 weeks, and at sacrifice. Samples were collected from the mandibular
artery into sodium citrate-containing tubes and separated by centrifugation. Serum BUN, ALT, AST,
total-cholesterol, and TG were measured using the SPOTCHEMTM automatic dry chemistry system
(SP-4410; Arkray, Tokyo, Japan).

4.1.4. Immunohistochemistry

The animals were sacrificed at the end of week 6, and the back skin was harvested, gently dissected,
rinsed with ice-cold phosphate buffered saline, immersion-fixed with 4% buffered paraformaldehyde,
paraffin-embedded, and 5-µm-thick paraffin-embedded cross-sections of mouse skin were stained.
Immunohistochemical staining used anti-LOX-1 (Santa Cruz, Dallas, TX, USA), anti-Ki67 (Abcam,
San Francisco, CA, USA), and host anti-IL23 (Novusbio, Littleton, CO, USA) antibodies. The slides
were observed via TissueGnostics TissueFAXS & HistoFAXS System (TissueGnostics, Vienna, Austria).

4.2. In Vitro Study

4.2.1. Cell Culture

The human immortalized keratinocyte cell line, HaCaT cells, were cultured in Dulbecco’s modified
Eagle’s medium supplemented with 2 mm glutamine, antibiotics (100 U/mL of penicillin A and
100 U/mL of streptomycin) and 10% fetal bovine serum (Gibco/BRL, Grand Island, NY, USA) and
maintained in a 37 ◦C humidified incubator containing 5% CO2. Cells were serially passaged at 70–80%
confluence. When performing experiments, the HaCaT cells were grown to 90% confluence.

4.2.2. Western Blotting Analysis

Total cell lysates were extracted from keratinocytes. Proteins were separated by SDS-PAGE and
transferred to a PVDF membrane. The membranes were probed using anti-Ki67 (Santa Cruz, CA, USA),
anti-LOX-1 (Santa Cruz, Dallas, TX, USA), anti-scavenger receptor A (SRA; Santa Cruz, CA, USA),
anti-SR-B1 (Santa Cruz, Dallas, TX, USA), and anti-IL23 (Novusbio, Littleton, CO, USA) antibodies.
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Mouse anti-β-actin (Labvision/NeoMarkers, Fremont, CA, USA) antibody was used as a loading
control. The proteins were visualized using an enhanced chemiluminescence (ECL) detection kit
(Amersham Biosciences, Waltham, MA, USA) and quantified using a densitometry.

4.2.3. Wound Healing Assay

The migratory capability of keratinocytes is associated with the occurrence of psoriasis. Therefore,
a wound healing assay was used. Keratinocytes were cultured in a 12-well plate. The confluent
cells (approximately 2 × 105 cells/well) were wounded by scraping with a 200 µL pipette tip,
which denuded a strip of monolayer that was 300 µm in diameter. The cells were supplied with
medium containing 5% fetal bovine serum, and the rate of wound closure was observed after 6 or 18 h.
The distance of the gap was measured under the 4× objective of a light microscope (Olympus IX71,
Tokyo, Japan), monitored with a CCD camera (Macro FIRE 2.3A), and captured with a video graphic
system (Picture Frame Application 2.3 software).

4.2.4. DiI-Labeled oxLDL Uptake Assay

Human LDL (density: 1.019–1.063 g/mL) was isolated by sequential ultracentrifugation of fasting
plasma samples from healthy adult males. Native LDL was oxidized as described in our previous
report [46]. The oxLDL was labeled with 1,1′-dioctadecyl-3,3,3′,3′-tetramethyl-indocarbocy-anine
perchlorate (DiI) as described previously [47]. To examine the cellular uptake of oxLDL, Keratinocytes
were seated on culture slides and incubated for 4 h in culture medium containing 80 µg/mL of
DiI-labeled oxLDL. At the end of the treatment, the cells were washed with PBS, mounted on cover
slips, and examined by confocal microscopy.

4.2.5. Statistical Analysis

Results were expressed as the mean ± SEM. Data were analyzed using ANOVA followed by the
Dunnett’s test. A p value less than 0.05 was considered statistically significant.

Author Contributions: C.-M.S.: designed the study, analyzed data, and co-wrote the paper; C.-Y.H.: study
design, data interpretation, and manuscript review; K.-H.W., P.-L.W., Y.-J.C., and H.-M.C.: designed the study,
data interpretation, and consultant; C.-K.H., K.-T.L.: performed the study; A.-W.L.: designed the study, analyzed
data, supervised performing study, writing the paper, manuscript review, approval.

Funding: This research was supported by the National Ministry of Science and Technology (MOST 106-2314-
B-038-038) and Taipei Medical University (95CGH-TMU-08 and TMU102-AE1-B33) in Taiwan.

Acknowledgments: We would like to acknowledge the technical support provided by the Taipei Medical
University Core Facility and Brian Yang for his excellent technical support.

Conflicts of Interest: The authors declare that they have no conflict of interest.

Abbreviations

IMQ imiquimod
TNF-α tumor necrosis factor alpha
oxLDL low-density lipoprotein
LOX-1 lectin-like oxidized low-density lipoprotein LDL receptor-1
BUN serum blood urea nitrogen
ALT alanine aminotransferase
AST aspartate aminotransferase
DiI 1,1′-dioctadecyl-3,3,3′,3′-tetramethyl-indocarbocyanine perchlorate
IL interleukin



Int. J. Mol. Sci. 2018, 19, 2610 12 of 14

References

1. Langley, R.G.; Krueger, G.G.; Griffiths, C.E. Psoriasis: Epidemiology, clinical features, and quality of life.
Ann. Rheum. Dis. 2005, 64 (Suppl. 2), ii18–ii25. [CrossRef]

2. Ending the isolation of depression from neurology practice. Lancet Neurol. 2006, 5, 989. [CrossRef]
3. Nickoloff, B.J.; Nestle, F.O. Recent insights into the immunopathogenesis of psoriasis provide new therapeutic

opportunities. J. Clin. Investig. 2004, 113, 1664–1675. [CrossRef] [PubMed]
4. Nickoloff, B.J.; Qin, J.Z.; Nestle, F.O. Immunopathogenesis of psoriasis. Clin. Rev. Allergy Immunol. 2007,

33, 45–56. [CrossRef] [PubMed]
5. Nickoloff, B.J.; Xin, H.; Nestle, F.O.; Qin, J.Z. The cytokine and chemokine network in psoriasis. Clin. Dermatol.

2007, 25, 568–573. [CrossRef] [PubMed]
6. Krueger, J.G.; Bowcock, A. Psoriasis pathophysiology: Current concepts of pathogenesis. Ann. Rheum. Dis.

2005, 64 (Suppl. 2), ii30–ii36. [CrossRef]
7. Siegel, D.; Devaraj, S.; Mitra, A.; Raychaudhuri, S.P.; Raychaudhuri, S.K.; Jialal, I. Inflammation,

atherosclerosis, and psoriasis. Clin. Rev. Allergy Immunol. 2013, 44, 194–204. [CrossRef] [PubMed]
8. Poikolainen, K.; Karvonen, J.; Pukkala, E. Excess mortality related to alcohol and smoking among

hospital-treated patients with psoriasis. Arch. Dermatol. 1999, 135, 1490–1493. [CrossRef] [PubMed]
9. Mastrolonardo, M. Sympathetic nervous system dysfunction: A common pathway linking skin and heart

morbidity? J. Am. Acad. Dermatol. 2008, 58, 352. [CrossRef] [PubMed]
10. Pathirana, D.; Ormerod, A.D.; Saiag, P.; Smith, C.; Spuls, P.I.; Nast, A.; Barker, J.; Bos, J.D.; Burmester, G.R.;

Chimenti, S.; et al. European S3-guidelines on the systemic treatment of psoriasis vulgaris. J. Eur. Acad.
Dermatol. Venereol. 2009, 23 (Suppl. 2), 1–70. [CrossRef]

11. Kaye, J.A.; Li, L.; Jick, S.S. Incidence of risk factors for myocardial infarction and other vascular diseases in
patients with psoriasis. Br. J. Dermatol. 2008, 159, 895–902. [CrossRef] [PubMed]

12. Cohen, A.D.; Gilutz, H.; Henkin, Y.; Zahger, D.; Shapiro, J.; Bonneh, D.Y.; Vardy, D.A. Psoriasis and the
metabolic syndrome. Acta Derm. Venereol. 2007, 87, 506–509. [CrossRef] [PubMed]

13. Gelfand, J.M.; Yeung, H. Metabolic syndrome in patients with psoriatic disease. J. Rheumatol. Suppl. 2012,
89, 24–28. [CrossRef] [PubMed]

14. Raychaudhuri, S.K.; Chatterjee, S.; Nguyen, C.; Kaur, M.; Jialal, I.; Raychaudhuri, S.P. Increased prevalence
of the metabolic syndrome in patients with psoriatic arthritis. Metab. Syndr. Relat. Disord. 2010, 8, 331–334.
[CrossRef] [PubMed]

15. Webber, L.S.; Osganian, V.; Luepker, R.V.; Feldman, H.A.; Stone, E.J.; Elder, J.P.; Perry, C.L.; Nader, P.R.;
Parcel, G.S.; Broyles, S.L.; et al. Cardiovascular risk factors among third grade children in four regions of the
United States. The CATCH Study. Child and Adolescent Trial for Cardiovascular Health. Am. J. Epidemiol.
1995, 141, 428–439. [CrossRef] [PubMed]

16. Akhyani, M.; Ehsani, A.H.; Robati, R.M.; Robati, A.M. The lipid profile in psoriasis: A controlled study.
J. Eur. Acad. Dermatol. Venereol. 2007, 21, 1330–1332. [CrossRef] [PubMed]

17. Dhaliwal, B.S.; Steinbrecher, U.P. Scavenger receptors and oxidized low density lipoproteins. Clin. Chim. Acta
1999, 286, 191–205. [CrossRef]

18. Zani, I.A.; Stephen, S.L.; Mughal, N.A.; Russell, D.; Homer-Vanniasinkam, S.; Wheatcroft, S.B.;
Ponnambalam, S. Scavenger receptor structure and function in health and disease. Cells 2015, 4, 178–201.
[CrossRef] [PubMed]

19. Zingg, J.M.; Ricciarelli, R.; Azzi, A. Scavenger receptors and modified lipoproteins: Fatal attractions?
IUBMB Life 2000, 49, 397–403. [PubMed]

20. Van der Fits, L.; Mourits, S.; Voerman, J.S.; Kant, M.; Boon, L.; Laman, J.D.; Cornelissen, F.; Mus, A.M.;
Florencia, E.; Prens, E.P.; et al. Imiquimod-induced psoriasis-like skin inflammation in mice is mediated via
the IL-23/IL-17 axis. J. Immunol. 2009, 182, 5836–5845. [CrossRef] [PubMed]

21. Xie, X.; Zhang, L.; Lin, Y.; Wang, Y.; Liu, W.; Li, X.; Li, P. Imiquimod induced ApoE-deficient mice might be a
composite animal model for the study of psoriasis and dyslipideamia comorbidity. J. Dermatol. Sci. 2017,
88, 20–28. [CrossRef] [PubMed]

22. Mommaas-Kienhuis, A.M.; Grayson, S.; Wijsman, M.C.; Vermeer, B.J.; Elias, P.M. Low density lipoprotein
receptor expression on keratinocytes in normal and psoriatic epidermis. J. Investig. Dermatol. 1987,
89, 513–517. [CrossRef] [PubMed]

http://dx.doi.org/10.1136/ard.2004.033217
http://dx.doi.org/10.1016/S1474-4422(06)70604-4
http://dx.doi.org/10.1172/JCI200422147
http://www.ncbi.nlm.nih.gov/pubmed/15199399
http://dx.doi.org/10.1007/s12016-007-0039-2
http://www.ncbi.nlm.nih.gov/pubmed/18094946
http://dx.doi.org/10.1016/j.clindermatol.2007.08.011
http://www.ncbi.nlm.nih.gov/pubmed/18021894
http://dx.doi.org/10.1136/ard.2004.031120
http://dx.doi.org/10.1007/s12016-012-8308-0
http://www.ncbi.nlm.nih.gov/pubmed/22359071
http://dx.doi.org/10.1001/archderm.135.12.1490
http://www.ncbi.nlm.nih.gov/pubmed/10606054
http://dx.doi.org/10.1016/j.jaad.2007.10.016
http://www.ncbi.nlm.nih.gov/pubmed/18222338
http://dx.doi.org/10.1111/j.1468-3083.2009.03389.x
http://dx.doi.org/10.1111/j.1365-2133.2008.08707.x
http://www.ncbi.nlm.nih.gov/pubmed/18616778
http://dx.doi.org/10.2340/00015555-0297
http://www.ncbi.nlm.nih.gov/pubmed/17989888
http://dx.doi.org/10.3899/jrheum.120237
http://www.ncbi.nlm.nih.gov/pubmed/22751586
http://dx.doi.org/10.1089/met.2009.0124
http://www.ncbi.nlm.nih.gov/pubmed/20367239
http://dx.doi.org/10.1093/oxfordjournals.aje.a117445
http://www.ncbi.nlm.nih.gov/pubmed/7879787
http://dx.doi.org/10.1111/j.1468-3083.2007.02260.x
http://www.ncbi.nlm.nih.gov/pubmed/17958837
http://dx.doi.org/10.1016/S0009-8981(99)00101-1
http://dx.doi.org/10.3390/cells4020178
http://www.ncbi.nlm.nih.gov/pubmed/26010753
http://www.ncbi.nlm.nih.gov/pubmed/10902571
http://dx.doi.org/10.4049/jimmunol.0802999
http://www.ncbi.nlm.nih.gov/pubmed/19380832
http://dx.doi.org/10.1016/j.jdermsci.2017.05.003
http://www.ncbi.nlm.nih.gov/pubmed/28579438
http://dx.doi.org/10.1111/1523-1747.ep12461024
http://www.ncbi.nlm.nih.gov/pubmed/3668295


Int. J. Mol. Sci. 2018, 19, 2610 13 of 14

23. Ponec, M.; Havekes, L.; Kempenaar, J.; Lavrijsen, S.; Vermeer, B.J. Defective low-density lipoprotein
metabolism in cultured, normal, transformed, and malignant keratinocytes. J. Investig. Dermatol. 1984,
83, 436–440. [CrossRef] [PubMed]

24. Abd El-Latif, M.I.; Murota, H.; Terao, M.; Katayama, I. Effects of a 3-hydroxy-3-methylglutaryl coenzyme
A reductase inhibitor and low-density lipoprotein on proliferation and migration of keratinocytes.
Br. J. Dermatol. 2010, 163, 128–137. [CrossRef] [PubMed]

25. Feingold, K.R. Thematic review series: Skin lipids. The role of epidermal lipids in cutaneous permeability
barrier homeostasis. J. Lipid Res. 2007, 48, 2531–2546. [CrossRef] [PubMed]

26. Di Renzo, L.; Marsella, L.T.; Carraro, A.; Valente, R.; Gualtieri, P.; Gratteri, S.; Tomasi, D.; Gaiotti, F.;
De Lorenzo, A. Changes in LDL Oxidative Status and Oxidative and Inflammatory Gene Expression after
Red Wine Intake in Healthy People: A Randomized Trial. Mediat. Inflamm. 2015, 2015, 317348. [CrossRef]
[PubMed]

27. Martin-Fuentes, P.; Civeira, F.; Recalde, D.; Garcia-Otin, A.L.; Jarauta, E.; Marzo, I.; Cenarro, A. Individual
variation of scavenger receptor expression in human macrophages with oxidized low-density lipoprotein is
associated with a differential inflammatory response. J. Immunol. 2007, 179, 3242–3248. [CrossRef] [PubMed]

28. Levitan, I.; Volkov, S.; Subbaiah, P.V. Oxidized LDL: Diversity, patterns of recognition, and pathophysiology.
Antioxid. Redox Signal. 2010, 13, 39–75. [CrossRef] [PubMed]

29. Dejager, S.; Mietus-Synder, M.; Pitas, R.E. Oxidized low density lipoproteins bind to the scavenger receptor
expressed by rabbit smooth muscle cells and macrophages. Arterioscler. Thromb. 1993, 13, 371–378. [CrossRef]
[PubMed]

30. Hughes, D.A.; Fraser, I.P.; Gordon, S. Murine macrophage scavenger receptor: In vivo expression and
function as receptor for macrophage adhesion in lymphoid and non-lymphoid organs. Eur. J. Immunol. 1995,
25, 466–473. [CrossRef] [PubMed]

31. Calvo, D.; Gomez-Coronado, D.; Lasuncion, M.A.; Vega, M.A. CLA-1 is an 85-kD plasma membrane
glycoprotein that acts as a high-affinity receptor for both native (HDL, LDL, and VLDL) and modified
(OxLDL and AcLDL) lipoproteins. Arterioscler. Thromb. Vasc. Biol. 1997, 17, 2341–2349. [CrossRef] [PubMed]

32. Danilo, C.; Gutierrez-Pajares, J.L.; Mainieri, M.A.; Mercier, I.; Lisanti, M.P.; Frank, P.G. Scavenger receptor
class B type I regulates cellular cholesterol metabolism and cell signaling associated with breast cancer
development. Breast Cancer Res. 2013, 15, R87. [CrossRef] [PubMed]

33. Tsuruoka, H.; Khovidhunkit, W.; Brown, B.E.; Fluhr, J.W.; Elias, P.M.; Feingold, K.R. Scavenger receptor
class B type I is expressed in cultured keratinocytes and epidermis. Regulation in response to changes in
cholesterol homeostasis and barrier requirements. J. Biol. Chem. 2002, 277, 2916–2922. [CrossRef] [PubMed]

34. Chen, M.; Masaki, T.; Sawamura, T. LOX-1, the receptor for oxidized low-density lipoprotein identified from
endothelial cells: Implications in endothelial dysfunction and atherosclerosis. Pharmacol. Ther. 2002, 95,
89–100. [CrossRef]

35. Sharma, J.; Balakrishnan, L.; Datta, K.K.; Sahasrabuddhe, N.A.; Khan, A.A.; Sahu, A.; Singhal, A.; Getnet, D.;
Raju, R.; Chatterjee, A.; et al. A knowledgebase resource for interleukin-17 family mediated signaling. J. Cell
Commun. Signal. 2015, 9, 291–296. [CrossRef] [PubMed]

36. Chandrakumar, S.F.; Yeung, J. Interleukin-17 antagonists in the treatment of psoriasis. J. Cutan. Med. Surg.
2015, 19, 109–114. [CrossRef] [PubMed]

37. Lubberts, E. The IL-23-IL-17 axis in inflammatory arthritis. Nat. Rev. Rheumatol. 2015, 11, 415–429. [CrossRef]
[PubMed]

38. Duvallet, E.; Semerano, L.; Assier, E.; Falgarone, G.; Boissier, M.C. Interleukin-23: A key cytokine in
inflammatory diseases. Ann. Med. 2011, 43, 503–511. [CrossRef] [PubMed]

39. Zheng, Y.; Danilenko, D.M.; Valdez, P.; Kasman, I.; Eastham-Anderson, J.; Wu, J.; Ouyang, W. Interleukin-22,
a T(H)17 cytokine, mediates IL-23-induced dermal inflammation and acanthosis. Nature 2007, 445, 648–651.
[CrossRef] [PubMed]

40. Abbas, A.; Gregersen, I.; Holm, S.; Daissormont, I.; Bjerkeli, V.; Krohg-Sorensen, K.; Skagen, K.R.; Dahl, T.B.;
Russell, D.; Almas, T.; et al. Interleukin 23 levels are increased in carotid atherosclerosis: Possible role for the
interleukin 23/interleukin 17 axis. Stroke 2015, 46, 793–799. [CrossRef] [PubMed]

41. Parham, C.; Chirica, M.; Timans, J.; Vaisberg, E.; Travis, M.; Cheung, J.; Pflanz, S.; Zhang, R.; Singh, K.P.;
Vega, F.; et al. A receptor for the heterodimeric cytokine IL-23 is composed of IL-12Rbeta1 and a novel
cytokine receptor subunit, IL-23R. J. Immunol. 2002, 168, 5699–5708. [CrossRef] [PubMed]

http://dx.doi.org/10.1111/1523-1747.ep12273538
http://www.ncbi.nlm.nih.gov/pubmed/6209343
http://dx.doi.org/10.1111/j.1365-2133.2010.09694.x
http://www.ncbi.nlm.nih.gov/pubmed/20163419
http://dx.doi.org/10.1194/jlr.R700013-JLR200
http://www.ncbi.nlm.nih.gov/pubmed/17872588
http://dx.doi.org/10.1155/2015/317348
http://www.ncbi.nlm.nih.gov/pubmed/26101461
http://dx.doi.org/10.4049/jimmunol.179.5.3242
http://www.ncbi.nlm.nih.gov/pubmed/17709540
http://dx.doi.org/10.1089/ars.2009.2733
http://www.ncbi.nlm.nih.gov/pubmed/19888833
http://dx.doi.org/10.1161/01.ATV.13.3.371
http://www.ncbi.nlm.nih.gov/pubmed/7680228
http://dx.doi.org/10.1002/eji.1830250224
http://www.ncbi.nlm.nih.gov/pubmed/7875210
http://dx.doi.org/10.1161/01.ATV.17.11.2341
http://www.ncbi.nlm.nih.gov/pubmed/9409200
http://dx.doi.org/10.1186/bcr3483
http://www.ncbi.nlm.nih.gov/pubmed/24060386
http://dx.doi.org/10.1074/jbc.M106445200
http://www.ncbi.nlm.nih.gov/pubmed/11707442
http://dx.doi.org/10.1016/S0163-7258(02)00236-X
http://dx.doi.org/10.1007/s12079-015-0297-3
http://www.ncbi.nlm.nih.gov/pubmed/26077014
http://dx.doi.org/10.2310/7750.2014.14038
http://www.ncbi.nlm.nih.gov/pubmed/25775627
http://dx.doi.org/10.1038/nrrheum.2015.53
http://www.ncbi.nlm.nih.gov/pubmed/25907700
http://dx.doi.org/10.3109/07853890.2011.577093
http://www.ncbi.nlm.nih.gov/pubmed/21585245
http://dx.doi.org/10.1038/nature05505
http://www.ncbi.nlm.nih.gov/pubmed/17187052
http://dx.doi.org/10.1161/STROKEAHA.114.006516
http://www.ncbi.nlm.nih.gov/pubmed/25649806
http://dx.doi.org/10.4049/jimmunol.168.11.5699
http://www.ncbi.nlm.nih.gov/pubmed/12023369


Int. J. Mol. Sci. 2018, 19, 2610 14 of 14

42. Alderman, C.J.; Bunyard, P.R.; Chain, B.M.; Foreman, J.C.; Leake, D.S.; Katz, D.R. Effects of oxidised
low density lipoprotein on dendritic cells: A possible immunoregulatory component of the atherogenic
micro-environment? Cardiovasc. Res. 2002, 55, 806–819. [CrossRef]

43. Aicher, A.; Heeschen, C.; Mohaupt, M.; Cooke, J.P.; Zeiher, A.M.; Dimmeler, S. Nicotine strongly activates
dendritic cell-mediated adaptive immunity: Potential role for progression of atherosclerotic lesions.
Circulation 2003, 107, 604–611. [CrossRef] [PubMed]

44. Pirillo, A.; Norata, G.D.; Catapano, A.L. LOX-1, OxLDL, and atherosclerosis. Mediat. Inflamm. 2013,
2013, 152786. [CrossRef] [PubMed]

45. Di Cesare, A.; Di Meglio, P.; Nestle, F.O. The IL-23/Th17 axis in the immunopathogenesis of psoriasis.
J. Investig. Dermatol. 2009, 129, 1339–1350. [CrossRef] [PubMed]

46. Lin, F.Y.; Lin, Y.W.; Huang, C.Y.; Chang, Y.J.; Tsao, N.W.; Chang, N.C.; Ou, K.L.; Chen, T.L.; Shih, C.M.;
Chen, Y.H. GroEL1, a heat shock protein 60 of Chlamydia pneumoniae, induces lectin-like oxidized
low-density lipoprotein receptor 1 expression in endothelial cells and enhances atherogenesis in
hypercholesterolemic rabbits. J. Immunol. 2011, 186, 4405–4414. [CrossRef] [PubMed]

47. Oriol, A.; Ribera, J.M.; Arnal, J.; Milla, F.; Batlle, M.; Feliu, E. Saccharomyces cerevisiae septicemia in a patient
with myelodysplastic syndrome. Am. J. Hematol. 1993, 43, 325–326. [CrossRef] [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/S0008-6363(02)00447-9
http://dx.doi.org/10.1161/01.CIR.0000047279.42427.6D
http://www.ncbi.nlm.nih.gov/pubmed/12566374
http://dx.doi.org/10.1155/2013/152786
http://www.ncbi.nlm.nih.gov/pubmed/23935243
http://dx.doi.org/10.1038/jid.2009.59
http://www.ncbi.nlm.nih.gov/pubmed/19322214
http://dx.doi.org/10.4049/jimmunol.1003116
http://www.ncbi.nlm.nih.gov/pubmed/21383245
http://dx.doi.org/10.1002/ajh.2830430424
http://www.ncbi.nlm.nih.gov/pubmed/8372820
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Topical Imiquimod Cream Treatment Does Not Affect Serum Lipid Levels or Liver or Kidney Function in Hc-Diet-Fed B6.129s2-Apoetm1unc/J Mice 
	HC-Diet Aggravates Psoriasis-Like Phenomena in IMQ-Treated B6.129S2-Apoetm1Unc/J Mice 
	OxLDL Increases Keratinocyte Migration and LOX-1 Expression 
	OxLDL Induces Keratinocyte Activity and Aggravates TNF- Effects on Keratinocytes Mediated by LOX-1 
	HC Diet Aggravates IL-23 Expression in IMQ-Treated B6.129S2-Apoetm1Unc/J Mice, and oxLDL Induces IL-23 Expression Mediated by LOX-1 in TNF–Stimulated Hacat Cells 

	Discussion 
	Materials and Methods 
	In Vivo Animal Study 
	Ethics Statement 
	Animal Grouping and Experiment Protocol 
	Biochemical Measurements 
	Immunohistochemistry 

	In Vitro Study 
	Cell Culture 
	Western Blotting Analysis 
	Wound Healing Assay 
	DiI-Labeled oxLDL Uptake Assay 
	Statistical Analysis 


	References

