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and phospholipid transfer proteins aggravated 
psoriasis in imiquimod-induced mouse models
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Abstract 

Background: Psoriasis is a chronic inflammatory skin disorder related to dyslipidemia, with decreased high-density 
lipoprotein (HDL). Various cell types express phospholipid transfer protein (PLTP) as well as cholesteryl ester transfer 
protein (CETP). Their elevated levels among transgenic (Tg) mice led to reduced HDL and a higher risk of atherosclero-
sis (AS). This study examined whether elevated CETP and PLTP could aggravate psoriasis in a psoriasis vulgaris mouse 
model.

Methods: The back skins of CETP-Tg, PLTP-Tg, and C57BL/6 male mice, aged six to 8 weeks, were shaved for imiqui-
mod cream (IMQ) (5%) treatment for five consecutive days. The clinical pathological parameters were rated indepen-
dently using the modified target lesion psoriasis severity score. The skin sections stained with hematoxylin-eosin were 
scored by the Baker score. Epidermal thickening and differentiation and inflammatory factor infiltration were deter-
mined by immunohistochemistry. Inflammatory cytokine levels were measured using quantitative reverse transcrip-
tion-polymerase chain reaction (RT–PCR) and enzyme-linked immunosorbent assay (ELISA) kits. This work employed 
SPSS Statistics Version to conduct statistical analyses.

Results: In this study, CETP-Tg and PLTP-Tg mice had higher clinical and histological scores than wild-type (WT) mice. 
Immunohistochemistry of the epidermis and dermis revealed a high proportion of proliferating cell nuclear antigen 
(PCNA) positivity within psoriatic skin lesions of CETP-Tg and PLTP-Tg mice compared with WT mice. Interferon-α 
(IFN-α), interleukin-1β (IL-1β), IL-6, IL-17A, IL-17F, IL-22, and IL-23p19 mRNA levels increased within CETP-Tg and PLTP-Tg 
mice compared with WT counterparts. In comparison with WT mice, plasma tumor necrosis factor-α (TNF-α) levels, 
rather than IL-6 levels, were increased in CETP-Tg and PLTP-Tg mice.

Conclusions: Elevated CETP and PLTP aggravate psoriasis in a imiquimod-induced mouse model.
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Background
Psoriasis is a chronic and recurrent inflammatory 
immune disease that has a certain effect on skin and 
additional tissues, including the cardiovascular system [1, 

2]. Conventional risk factors for cardiovascular diseases 
(CVDs), including dyslipidemia, are frequently detected 
in psoriasis patients [3, 4]. Psoriasis patients with dys-
lipidemia have decreased high-density lipoprotein cho-
lesterol (HDL-C) content [5]. According to an increasing 
number of studies, psoriasis changes cholesterol efflux 
ability and HDL composition, while these are restored 
through treatment against psoriasis [6, 7]. Furthermore, 
a previous study revealed that psoriasis reduced HDL’s 
anti-inflammatory and antioxidative characteristics.
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Plasma lipid transfer proteins, such as phospholipid 
transfer protein (PLTP) and cholesteryl ester transfer 
protein (CETP), are related to HDL metabolism. CETP, 
the plasma glycoprotein, is generated within some tissue 
types [8]. CETP transfers cholesteryl ester into lipopro-
teins containing apolipoprotein B (apo B) from mature 
spherical HDL [9, 10]. CETP reduces HDL cholesterol 
levels. In several human [11, 12] and animal studies [13, 
14], CETP facilitated the development of atherosclerosis 
and is a major inhibited target for reducing atherosclero-
sis risk [15]. Plasma CETP expression cannot be detected 
within mice [16]. After introducing the human CETP 
transgene in mice, plasma HDL content declined, which 
is related to accelerated HDL cholesteryl ester (CE) 
catabolism because of the promotion of liver cancer [17, 
18]. PLTP accounts for a lipid transfer/lipopolysaccha-
ride-binding protein family member, such as CETP [19]. 
It is a monomeric protein [20] that is distributed in some 
cells. It is related to HDL in plasma. Higher PLTP expres-
sion within transgenic (Tg) mice accelerates atheroscle-
rosis (AS) and decreases HDL [21].

Psoriatic HDL decreases and gradually loses normal 
biological activities. Increased CETP and PLTP levels 
induce AS development and HDL reduction. Therefore, 
whether CETP and PLTP affect psoriasis was observed in 
imiquimod-induced mouse models.

Methods
Mice
Thirty male mice aged six to 8 weeks were recruited. 
Dr. Xiancheng Jiang provided the CETP-Tg and PLTP-
Tg C57BL/6 mice. This work utilized PLTP and CETP 
heterozygous mouse offspring littermates as CETP-Tg, 
PLTP-Tg, and WT mice, with six animals in each group. 
All animals were raised with a chow diet (KEAOX-
IELI FEED. Co. LTD, Beijing, China) with free access to 
water. They were raised within a controllable tempera-
ture and humidity under a 12-h/12-h light-dark cycle. 
This work acquired 6- to 8-week-old C57BL/6 male mice 
from Peking University’s Experimental Animal Center 
in Beijing, China. All experiments were approved by the 
Laboratory Animal Care Committee of Shandong First 
Medical University. Each animal experimental procedure 
was carried out following the Guides of Care and Use of 
Laboratory Animals of Shandong First Medical Univer-
sity (Ethical approval No SYXK20190022).

Imiquimod‑induced psoriasis model and assessment
The present experiment was carried out following the 
imiquimod-mediated psoriatic lesion mouse model [22, 
23]. The back skin in each animal was shaved and consec-
utively exposed to 5-day treatment of imiquimod cream 
(IMQ) (5%) at 62.5 mg (Aldara; 3 M Pharmaceuticals, 

St Paul, USA). Disease clinical parameters were rated 
independently for the animals using the modified target 
lesion psoriasis severity score (TLPSS), which included 
a cumulative score for scaling, erythema, and thickness 
at the 0–4 scale, where four represented the most seri-
ous level. The sum of these three separate assessments 
was made, yielding a total score of 0–12. Overall, 0 repre-
sents the absence of alteration, while 1–4 indicate 0–25%, 
25–50%, 50–75%, and 75–100% of affected shaved area, 
respectively [24].

Tissues and samples
Twenty-four hours after the last imiquimod treatment 
and with no 12-h dietary exposure, blood was collected 
in the mouse retro-orbital sinus. Then, the plasma was 
used for the experiment or stored at − 80 °C. Later, each 
animal was killed through cervical dislocation, while 
some sections of dorsal skin were extracted, followed by 
fixation with 4% paraformaldehyde, processing, paraffin 
embedding, slicing to 5-μm sections, and hematoxylin-
eosin (HE) staining. Additionally, part of the dorsal skin 
was subjected to snap-freezing within liquid nitrogen, 
followed by preservation at − 80 °C prior to use.

Histological scoring
Skin sections stained with HE were evaluated by two 
blinded dermatopathologists. As shown in Table  1, all 
samples were scored on the Baker score criteria for 
microabscess, rete ridge lengthening, parakeratosis, 
hyperkeratosis, thinning above papillae, acanthosis, lack 
of a granular layer, papillary papillae congestion, and 
lymphocytic infiltrate [25].

Immunohistochemistry analysis
Paraffin sections (5 μm) were stained using certain anti-
bodies against proliferating cell nuclear antigen (PCNA) 
(Santa Cruz Biotechnology, CA, USA). Briefly, each 
paraffin section was subjected to xylene deparaffiniza-
tion twice, followed by gradient ethanol rehydration. 

Table 1 Criteria of histopathological scores

Pathological alteration Score

Corneous layer Munro abscess 1.5

Hyperkeratosis 0.5

Parakeratosis 1.0

Epidermis Lengthening of rete ridges 0.5–1.5

Lack of granular layer 1.0

Acantosis 1.0

Dermis Lymphocytic infiltrate 0.5–1.5

Papillary papillae congestion 1.0

Thinning above papillae 0.5
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Thereafter, each section was subjected to a 5-min incuba-
tion using PBS-diluted 0.5% hydrogen peroxide to inhibit 
endogenous peroxidase activity. Epitope retrieval under 
heat induction was conducted within 10 mM citrate 
buffer for 15 min at 95 °C. Later, sections were blocked 
using 1.5% blocking serum, followed by 1-h antibody 
incubation under ambient temperature and later bioti-
nylated horseradish peroxidase-conjugated secondary 
antibody incubation. The reaction was developed with a 
3,3-diaminobenzidine chromogen solution. Each section 
was later subjected to counterstaining using hematoxylin 
and then mounted and subjected to histological analysis. 
Sections subjected to incubation without primary anti-
body were used as negative controls (NCs). A microscope 
(Olympus, Tokyo, Japan) was utilized to capture images. 
A reviewer blinded to the experiment was responsible for 
counting the positive cell number, and the mean was cal-
culated [22].

Real‑time quantitative PCR (qRT–PCR)
Following a quality check with spectroscopy, this work 
separated total cellular RNA in back skin using TRIzol 
(Invitrogen, Grand Island, NY, USA). Later, a reverse 
transcriptase reaction to convert isolated mRNA to 
cDNA was conducted using a QuantScript RT kit (Tian-
Gen Biotech, Beijing, China) according to the manu-
facturer’s instructions. In addition, in this study, the 
SYBR-green PCR master mix kit (TianGen Biotech, 
Beijing, China) was utilized for qRT–PCR. GAPDH was 
used as a normalization control. Table 2 lists all primers 
utilized in qRT–PCR. In addition, Rotor-gene Q software 
version 1.7 (Qiagen, Valencia, CA, USA) was employed 
for data analysis. The  2-DDCt method was applied to deter-
mine mRNA expression.

Plasma cytokine determination
This work measured plasma IL-6, IL-17A, and TNF-α 
levels using ELISA kits (Blue gene, Shanghai, China) in 
line with specific protocols.

Statistical analysis
Data are displayed as the means±SDs. This work applied 
Student’s t test relative to both groups, where the nonpar-
ametric Mann–Whitney U test (two-tailed) was utilized 
in abnormally distributed data. P < 0.05 stood for signifi-
cance level. It was employed with SPSS 22.0 to conduct 
statistical analyses.

Results
Clinical assessment of back skin
Five consecutive days following the initiation of IMQ 
use, CETP-Tg and PLTP-Tg mice’s back skin displayed 
more signs of erythema, thickening, and scaling than WT 

mice. Figure 1A-C depicts typical examples. TLPSS was 
higher in CETP-Tg and PLTP-Tg mice than in WT mice 
(Fig. 1D, E).

Back skin histology and immunohistochemistry
HE-stained sections collected in IMQ-mediated skin 
revealed a significant difference in histopathological 
score between CETP-Tg, PLTP-Tg mice, and WT mice 
(Fig. 2A-C). Compared to WT mice, the histopathologi-
cal score of CETP-Tg and PLTP-Tg mice increased con-
siderably (Fig. 2 D, E). H&E sections exhibited epidermal 
thickening, and abundant infiltrates of mononuclear cells 
were observed. Figure  2 F-H depicts the expression of 
the PCNA protein, a widely used cell proliferation indi-
cator, in the back samples. According to immunohis-
tochemistry, cells that expressed PCNA were enriched 
into spinous and basal keratinocytes. IMQ challenge sig-
nificantly increased PCNA protein expression in CETP-
Tg and PLTP-Tg mice relative to their WT counterparts 
(Fig. 2I, J).

Evaluation of IMQ‑mediated skin inflammation
Skin cytokine levels, including IFN-α, IL-1β, IL-6, IL-
17A, IL-17F, IL-22, and IL-23p19, were detected to evalu-
ate IMQ-mediated skin inflammation (Fig.  3A-N). We 
discovered that IMQ application increased IFN-α, IL-1β, 
IL-6, IL-17A, IL-17F, IL-22, and IL-23p19 mRNA levels 
in CETP-Tg and PLTP-Tg mice compared with WT mice.

Evaluation of IMQ‑mediated plasma inflammation
In this study, the influences of CETP and PLTP on IMQ-
mediated inflammation were determined. Figure  4A–F 
depicts plasma cytokine levels. IMQ challenge mark-
edly elevated IL17A and TNF-α expression in the plasma 

Table 2 Primers utilized in qRT–PCR

Gene PCR primer

IL-17A F: TAT CCC TCT GTG ATC TGG GAAG 
R: ATC TTC TCG ACC CTG AAA GTGA 

IL-17F F: CAA GAA ATC CTG GTC CTT CG
R: GAG CAT CTT CTC CAA CCT GAA 

IL-22 F: TCA TTC AAA GGT GGC CTC AG
R: CAA GGG GAA GGA GAG CCT TA

IL-23 F: CAC CTC CCT ACT AGG ACT CAGC 
R: CTG CCA CTG CTG ACT AGA AC

IL-1 F: ACT GTT TCT AAT GCC TTC CC
R: ATG GTT TCT TGT GAC CCT GA

IL-6 F: ACC ACG GCC TTC CCT ACT TC
R: CTC ATT TCC ACG ATT TCC CAG 

INF-α F: AGT GAG CTG ACC CAG CAG AT
R: CAG GGG CTG TGT TTC TTC TC

GAPDH F: TGA CGT GCC GCC TGG AGA AA
R: AGT GTA GCC CAA GAT GCC CTT CAG 
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of CETP-Tg and PLTP-Tg mice relative to WT mice 
(Fig.  4A–D). However, IL-6 was increased in CETP-Tg 
and PLTP-Tg mice compared with WT mice, although 
the difference was not statistically significant (Fig. 4E, F).

Discussion
This study discovers that increased CETP and PLTP 
aggravates psoriasis in an imiquimod-induced mouse 
model. Its mechanism of action is possibly related to the 
inflammatory alterations and dyslipidemia induced by 
increased expression of CETP and PLTP in mice with 
psoriasis.

Psoriasis patients are typically dyslipidemic [26]. 
Recent studies have reported that psoriasis decreases 
cholesterol efflux capacity as well as HDL composition [6, 
27, 28]. A previous study reported that HDL’s antioxidant 

and anti-inflammatory effects decreased in psoriasis. 
Both CETP and PLTP continuously modulate plasma 
HDL particles. CETP delivers CE to lipoproteins that 
contain apo B from HDL for remodeling HDL particles. 
Furthermore, during lipolysis, PLTP delivers phospholip-
ids to HDL from triglyceride (TG)-abundant lipoproteins 
[29]. CETP-Tg and PLTP-Tg mice have significantly low 
HDL levels and a high risk of developing atherosclero-
sis. Both are the best models for studying the relation-
ship between lower HDL and psoriasis, so CETP-Tg and 
PLTP-Tg mice with low HDL were selected as the sub-
jects. CETP is regarded as a marker of liver side effects 
of acitretin treatment in psoriasis [30]. However, the 
CETP status in psoriasis may not be clear. Previous stud-
ies have shown that CETP is decreased in some patients 
with psoriasis and increased in others [31]. The present 

Fig. 1 Imiquimod-mediated skin inflammation in a psoriasis mouse model. Back skin shaved in CETP-Tg, PLTP-Tg, and WT mice was exposed to IMQ 
cream every day. A–C Phenotypes of the back skin of mice following treatment for five days consecutively. D–E Back skin clinical cumulative score 
(TLPSS; erythema + scaling + thickness). Symbols represent the mean ± SD; n = 6/group; *P < 0.05 vs. WT group; IMQ, imquimod; CETP, cholesteryl 
ester transfer protein; PLTP, phospholipid transfer protein; TLPSS, target lesion psoriasis severity score; WT, wild-type; Tg, transgenic

Fig. 2 Imiquimod treatment alters epidermal thickening and differentiation and inflammatory factor infiltration. Back skin shaved in ETP-Tg, 
PLTP-Tg, and WT mice was exposed to IMQ cream. A–C HE staining of mouse back skin. D, E Histopathological score means ± standard deviations 
(SD). F–H PCNA protein immunohistochemical staining (back skin). I, J Calculation of PCNA-positive cell number within means±SDs from six typical 
high-power fields (HPF) from diverse mice. N = 6/group; * P < 0.05, ** P < 0.01 vs. WT group; IMQ, imiquimod; PCNA, CETP, cholesteryl ester transfer 
protein; PLTP, phospholipid transfer protein; WT, wild type; Tg, transgenic

(See figure on next page.)
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Fig. 2 (See legend on previous page.)
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Fig. 3 Imiquimod induces cytokine mRNA expression in the back skin. Back skin shaved in CETP-Tg, PLTP-Tg, and WT mice was exposed to IMQ 
cream treatment. After extracting RNA from back skin, (A, B) IL-17A, (C, D) IL-17F, (E, F) IL-22, (G, H) IL-23p19, (I, J) IL-1β, (K, L) IL-6, and (M, N) IFN-α 
expression was measured through qRT–PCR. GAPDH mRNA was used as the normalization reference. Symbols indicate the mean ± SD; n = 6/group; 
* P < 0.05, ** P < 0.01 vs. WT group; IMQ, imiquimod; IL, interleukin; PLTP, phospholipid transfer protein; CETP, cholesteryl ester transfer protein; WT, 
wild type; Tg, transgenic
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study found that increased CETP could aggravate psoria-
sis, suggesting that nonlipid transfer properties of CETP 
and confounders or modifiers may take part in that inter-
play. IMQ-mediated mouse skin is widely documented to 
mimic plaque-type psoriatic lesions in humans, accom-
panied by scaling, erythema, thickness, parakeratosis, 
acanthosis, neoangiogenesis, and inflammatory infiltrates 
that contain neutrophils, dendritic cells (DCs), plas-
macytoid DCs (pDCs), and T cells. The immunological 
changes in the skin inflammation model induced by IMQ 
are highly clear [22]. Furthermore, excessive clinical topi-
cal IMQ treatment can result in psoriasis lesions, which 
are serious adverse reactions. Thus, the IMQ skin model 
was selected as the mouse model. Consistent with a pre-
vious report [32], IMQ-induced psoriatic lesions, such as 
scaling, erythema, acanthosis, thickening, neoangiogen-
esis, and inflammatory infiltrates, appeared in WT mice 
and CETP-Tg and PLTP-Tg mice. Furthermore, the pre-
sent study discovered that CETP-Tg and PLTP-Tg mice 
have more severe pathological features with H&E stain-
ing than WT mice. Abnormally proliferating keratino-
cytes have been identified as a well-known feature of 
psoriasis. PCNA accounts for the credible factor for pre-
senting cell growth [33]. Immunohistochemical analysis 
of PCNA localization within the epidermis showed that 
PCNA-positive cells accumulated and increased within 
spinous and basal keratinocytes in PLTP-Tg and CETP-
Tg mice compared to WT mice.

Inflammation influences psoriasis lesions and the 
physiological status of the whole body. Numerous 
cytokines, including IFN-α, TNF-α, IL-1β, IL-6, IL-
17A, IL-17F, IL-22, and IL-23p19, are overexpressed in 
local psoriatic skin or blood. IMQ also induces these 
cytokines similar to those involved in the pathogen-
esis of psoriasis. As a strong immune activator, IMQ 
serves as a TLR7/TLR8 ligand. IMQ-mediated pso-
riasis is IL-23/IL-17 axis-dependent [22]. IL-23, gener-
ated via keratinocytes and DCs within psoriatic lesions, 
enhances Th17-cell activation [34]. Then, Th17 cells are 
induced to secrete IL-17A and IL-17F, together with 
IL-22 [35], and the former two are responsible for neu-
trophil recruitment into tissues [36]. In addition, IL-22 
promotes epidermal hyperplasia and dermal inflam-
mation [37]. IL-6 can enhance neutrophil recruitment 
but also enhance keratinocyte proliferation [38, 39]. In 
the early stages of psoriasis, pDCs produce IFN-α [40]. 
Stressed keratinocytes produce IL-1β and TNF-α, which 
contribute to DC activation. Combining IL-6 and IL-1β 
drives naïve CD4+ cell differentiation to the Th17-cell 
subtype [41]. Overall, IMQ stimulates pDCs to produce 
IFN-α, IL-23, and TNF-α. Once activated, pDCs present 
an antigen that is not detected for naïve CD4+/CD8+ T 
cells while promoting cell differentiation to Th1 cells as 

well as IL-23-mediated Th17 cells. Following interaction 
with Th1 cells, pDCs and γδT cells act on keratinocytes, 
and IL-6, IL-17A, IL-17F, TNF-α, and IL-22 are secreted 
within the dermis. These cytokines result in hyperpro-
liferation of keratinocytes and impede keratinocyte 
differentiation [42]. Both CETP and PLTP increase 
plasma cytokines [43, 44]. Hence, those cytokines were 
detected, and it was discovered that IMQ application 
significantly increased TNF-α, IFN-α, IL-1β, IL-6, IL-
17A, IL-17F, and IL-22, together with the expression 
of IL-23p19 mRNA in the lesions among PLTP-Tg and 
CETP-Tg mice compared with WT mice [45]. Addition-
ally, IL17A and TNF-α, but not IL-6, were found to be 
more abundant in the plasma of PLTP-Tg and CETP-Tg 
mice than in their WT counterparts. Additionally, IL-6 
expression was elevated in CETP-Tg and PLTP-Tg mice. 
The above data are consistent with previous experimen-
tal results [46].

Comparisons with other studies and what does the current 
work add to the existing knowledge
Previous documented studies have focused on the rela-
tionship between lipoprotein content and psoriasis, 
suggesting decreased HDL levels accompany psoriasis. 
Compared with other studies, the novelty of the present 
study is that both CETP and PLTP, the key proteins for 
lipid transfer and lipoprotein metabolism, affect patho-
logical alterations in psoriasis.

Study strengths and limitations
The overexpression of both CETP and PLTP aggravated 
the pathological and clinical scores. Furthermore, certain 
limitations should be noted in this work. Because of the 
small sample size, potentially important changes might 
be missed. It would be beneficial to enlarge the sample 
size to discover new findings. More than one psoriatic 
mouse model could be used to evaluate the relationship 
between lipid transfer protein expression and pathologi-
cal changes in psoriasis in the future.

Conclusion
The present study demonstrated that elevated expres-
sion of CETP and PLTP could aggravate the clinical and 
pathohistological characteristics and inflammation in 
mice with psoriasis. The relevant mechanisms could 
include decreased plasma levels and disordered func-
tion of HDL induced by overexpression of CETP and 
PLTP. Statins can alleviate clinical features in psoriatic 
patients. CETP inhibitors could increase HDL levels. 
Atorvastatin decreases plasma preβHDL by decreasing 
PLTP activity. The inhibition of CETP and PLTP could 
be expected to treat psoriasis with dyslipidemia in the 
future.
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