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Abstract
Background

The Wnt pathway is a major pathway in the pathogenesis of skin cancer. Moreover, crocin is one of the
carotenoid compounds present in the flowers of gardenia and crocus. Crocin is responsible for the
characteristic color of saffron.

Aims

This study was conducted to discover the therapeutic effects of crocin against skin cancer induced in mice by
blocking the Wnt pathway with subsequent effects on inflammation and fibrosis.

Methods

For the induction of skin cancer in mice, the application of DMBA and Croton oil was used. The dorsal skin
was used for the evaluation of the gene and protein expression of TGF-f, SMAD, Wnt, B-catenin, TNF-q,
and NFkB. Part of the skin is stained with Mallory trichrome.

Results

The use of crocin for treating skin cancer mice significantly reduced both the number of tumors and the
number of scratches. In addition, crocin inhibited epidermal hyperplasia. Finally, crocin reduced the gene
expression and protein levels of Wnt, B-catenin, SMAD, NFKkB; TGF-B and TNF-a.

Conclusions

Crocin produced therapeutic effects against skin cancer induced in mice by blocking the expression of Wnt
followed by blocking the pro-inflammatory pathway through downregulation of NFKB and TNF-a. In
addition, crocin blocked the fibrosis pathway via the downregulation of TGF-f.

Categories: Dermatology
Keywords: B-catenin, wnt, tumor necrosis factor (tnf)-a, smad, transforming growth factor (tgf)-B, nuclear factor
(nf)xkb

Introduction

Skin cancer is defined as an irregular enlargement and proliferation of skin cells. It is caused by a cancerous
overgrowth of abnormal cells in the basal layer of the epidermis [1]. Skin cancer is a major health problem
with increased incidence in all age groups in recent years. Based on the report of the International Agency
for Research on Cancer, about 1.518 million new skin cancer cases were associated with 121,000 new deaths
worldwide in 2020, leading to a great effect on public health and the economy [2]. Besides surgical excision,
many strategies are used in treating skin cancer, including chemotherapy, topical treatments, such as
imiquimod and 5-FUlaser, immunotherapy, radiotherapy, cryotherapy, and photodynamic. However, various
treatment options exist, but they often have side effects, and drug resistance, and are expensive [3].

Crocin is a carotenoid compound that was obtained from flowers of Gardenia jasminoides. It gives saffron its
characteristic color. Crocin produces several therapeutic effects such as antipyretic, analgesic, antioxidant,
anti-inflammatory, and anticancer [4]. Crocin produced therapeutic effects as well as protective effects
against several types of cancer via antioxidant and anti-inflammatory effects (for a more detailed review, see
[3]). Searching previous literature revealed that only one study examined the ability of crocin to treat skin
cancer. The study reported the ability of crocin to inhibit the proliferation of A431 and SCL-1 skin cells by
enhancing apoptosis via blocking the Jak2/Stat3 pathway, repressing the Bcl-2 protein, and increasing the
levels of Bid and procaspase-3 [5]. Therefore, this study was conducted to discover the therapeutic effects of
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crocin against skin cancer chemically induced in mice via blocking the Wnt pathway with subsequent effects
on inflammation and fibrosis.

Materials And Methods

Animals and their treatment outlines

For induction of skin cancer, Swiss albino mice aged about seven to eight weeks old and weighing about 26%3
g were used. All mice were preserved in a pathogen-free medium and kept in separate cages with a 12-h
light-dark cycle. The mice were kept at a temperature of 22+2°C. All animal procedures were approved by the
local ethical committee of the University of Tabuk under number 1438-043. Mice were classified into four
groups with 10 mice each:

Control Group

The mice in this group underwent dorsal hair shaving followed by the application of acetone over the shaved
area three times weekly over the course of the experiment.

Crocin-Treated Control Group

Mice in the treated control group were treated exactly as those in the control group and were then treated
with a subcutaneous injection of 20 mg/kg crocin (Sigma Aldrich Chemicals Co., St. Louise, MO) three times
per week for 16 weeks.

Skin Cancer Group

The mice in the skin cancer group underwent dorsal hair shaving. A single dose of 100 mg/100 ml of DMBA
(Sigma Aldrich Chemicals Co.) was applied to the shaved area of the back of the mice. Two weeks later, a
solution of 1% Croton oil prepared in acetone was used as a promoter for skin cancer by application on the
back of the mice three times weekly for 16 weeks.

Crocin-Treated Cancer Group

The mice in this group were treated exactly like the skin cancer group and concurrently treated with a
subcutaneous injection of 20 mg/kg crocin three times per week for the whole course of treatment of 16
weeks. The treatment with crocin started exactly from the first week directly with skin cancer induction.

Evaluation of the number of scratches and average number of tumors

In the last two days before mice sacrifice, each mouse was evaluated for the number of scratches in a period
of 10 minutes and repeated five times for each mouse. The behavior of scratching was defined as any
movement of the hind paws. On the last day before sacrifice, each mouse was investigated carefully to count
the average number of tumors or papillomas over the back skin.

Collection of skin samples from mice

At the end of the experiment, the mice were sacrificed by decapitation. The affected parts of the skin, as well
as serum samples, were collected and kept at -80°C for further analysis.

Morphologic analysis of skin tissue

The samples of skin collected from mice were then cut into sections with 5-micrometer thickness. The
sections were stained with Mallory trichrome stain. The sections were examined in a masked manner.

Enzyme-linked immunosorbent assay (ELISA) determination

The evaluation of components was done by commercially available ELISA. The kits were used for the
evaluation of serum values of TNF-a, TGF-B (MyBioSource, San Diego, CA), SMAD3, and B-catenin (Abcam,
Cambridge, MA), in accordance with the protocols of the manufacturer. The ELISA plates were read using a
microplate reader (BioTek, Winooski, VT).

Quantitative real-time polymerase chain reaction (RT-PCR)

Gene expression of TGF-B, B-catenin, TNF-a, Wnt1, and NFKB were evaluated as described previously [6,7].
Moreover, glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as an internal reference. Specific
primers are summarized in Table 1.
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Primer Accession number Sequence (sense, antisense)

Wnt1 NM_021279 5-CGAGAGTGCAAATGGCAATTCCG-3" 5-GATGAACGCTGTTTCTCGGCAG-3

B-catenin  NM_001165902 5-GTTCGCCTTCATTATGGACTGCC-3' 5-ATAGCACCCTGTTCCCGCAAAG-3

NFkB NM_008689 5- GAAATTCCTGATCCAGACAAAAAC -3° 5 - ATCACTTCAATGGCCTCTGTGTAG -3

TNF-a X02611 5- TACTGAACTTCGGGGTGATTGGTCC -3° 5- CAGCCTTGTCCCTTGAAGAGAACC -3
TGF-B NM_011577 5-CGGGGCGACCTGGGCACCATCCATGAC-3" 5-CTGCTCCACCTTGGGCTTGCGACCCAC-3
GAPDH  M32599 5"- ACCACAGTCCATGCCATCAC -3° 5- CACCACCCTGTTGCTGTAGCC -3

TABLE 1: The primer sets used

Statistical analysis

The expression of mean # standard error was used as a tool for the expression of descriptive data. Analysis of
variance (ANOVA) was used to compare means between groups followed by a post-hoc Bonferroni correction
test. Statistical computations were performed by using SPSS version 20 (IBM Corp., Armonk, NY). Statistical
significance was predefined as P < 0.05.

Results

Crocin-attenuated skin cancer-induced increase in the number of
tumors and scratches

Skin cancer caused a nearly 17-fold elevation in the number of scratches done by each mouse over the period
of 10 minutes associated with and a 55-fold increase in the number of tumors found on the back of each
mouse, respectively. When the skin cancer mice were treated with crocin, there was about a 70% and 68%
reduction in the number of scratches and the number of tumors, respectively (Figure 7).
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FIGURE 1: Effect of crocin on skin cancer-induced elevation in the
number of scratches per 10 minutes (a) and the number of tumors per
mouse (b)

*: significant difference as compared with the control groups at p<0.05. #: significant difference as compared with
the skin cancer group at p<0.05.

Effect of crocin on skin cancer morphology

The skin sections from mice were stained with Mallory trichrome stain. The control mice sections showed a
very narrow layer of keratin and minimal staining in the epidermal layer. On the other hand, an
investigation of sections obtained from skin cancer mice revealed hyperkeratosis. The sections from skin
cancer mice treated with crocin clearly reduced epithelial hyperkeratosis (Figure 2).
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FIGURE 2: Skin sections stained with Mallory from the control group
showing normal epidermis (arrows) (a); control group treated with
crocin showing normal epidermis (arrow) (b); skin cancer group
showing epidermal hyperplasia, acanthosis, dysplasia, hyperkeratosis
(arrowhead), and dermal leukocytic infiltration (arrow) (c); and skin
cancer treated with crocin (d)

Scale bar 20 ym

Crocin-blocked skin cancer-induced activation of the Wnt pathway

Next, we investigated the expression of the Wnt pathway. Skin cancer mice showed about a 3.11-, 3.67- and
2.73-fold elevation in gene expression of Wnt, B-catenin, and SMAD, respectively, connected with a 2.98-
fold elevation in protein levels of B-catenin when compared with the control group. Treatment of skin
cancer mice with crocin significantly reduced the expression of both Wnt and SMAD in the skin cancer group
without affecting the control group (Figure 3).
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FIGURE 3: Effect of crocin on the skin cancer-induced gene expression
of Wnt (a), B-catenin (b), SMAD (d), and protein level of B-catenin (c) in
the skin of mice

*: significant difference as compared with the control groups at p<0.05. #: significant difference as compared with
the skin cancer group at p<0.05.

Crocin-attenuated skin cancer-induced enhancement of inflammation

Skin cancer resulted in a 3.23- and 3.67-fold increase in gene expression of NFKB and TNF-a associated with

a 2.89-fold elevation in the skin levels of TNF-a as compared with control rats. Treatment of skin cancer
mice with crocin significantly reduced the expression of NFKB and TNF-a in the skin samples from skin
cancer mice (Figure 4).
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FIGURE 4: Effect of crocin on skin cancer-induced gene expression of
NFkB (a), TNF-a (b), and protein level of TNF-a (c) in the skin of mice

*: significant difference as compared with the control groups at p<0.05. #: significant difference as compared with
the skin cancer group at p<0.05.

Crocin reversed the skin cancer-induced activation of TGF-8

Skin cancer produced a 2.68-fold elevation in gene expression of TGF- associated with a 3.19-fold increase
in the protein levels of TGF-B. In contrast, treatment of skin cancer with crocin significantly reduced the
expression of TGF-B (Figure 5).
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FIGURE 5: Effect of crocin on skin cancer-induced gene expression of
TGF-$ (a) and protein expression of TGF-$ (b) in the skin of mice

*: significant difference as compared with the control groups at p<0.05. #: significant difference as compared with
the skin cancer group at p<0.05.

Discussion

The current study provided clear evidence of the ability of the natural compound, crocin, to ameliorate skin
cancer chemically induced in mice. Crocin significantly reduced the expression of Wnt followed by the
deactivation of the pro-inflammatory pathway through the downregulation of NFKB and TNF-a, as well as
the attenuation of the fibrotic pathway via the downregulation of the expression of TGF-B. The current
manuscript provided promising results in treating skin cancer. During the last decade, skin cancer is
considered one of the most aggressive cancers, which is characterized by an elevating prevalence. The
disease arises from several risk factors, mainly ultraviolet radiation, family history, and age. It is highly
distributed in many countries such as the USA, Australia, and New Zealand. In addition, its prevalence in
whites is about 10-fold more than in African Americans [8]. Many therapeutic treatments are available now
to deal with the disease, however, they result in minor improvement in the overall survivor rate [9].

There are many molecular mechanisms that are responsible for the initiation, progression, invasion, and
metastasis of skin cancer. One of these mechanisms that was illustrated in previous studies is the Wnt/B-
catenin pathway that was involved in tumor migration, proliferation, and hematopoiesis. Moreover, the
mutation of Wnt/B-catenin was linked to tumor formation and progression [10]. It was also linked to many
types of cancer such as skin, prostate, and breast cancers [11]. Therefore, it is a potential therapeutic target
in cases of skin cancer. However, B-catenin tried to end gathering inside the nucleus and then it binds to the
T-cell factor/lymphoid enhancer binding factor (TCF/LEF) leading to subsequent expression of the target
genes and eventually leading to proteasomal degradation [12]. Therefore, it is a predisposing factor in the
pathogenicity of skin cancer. In addition, B-catenin activates cell-cell adhesion in cells adjacent to the
tumor [10]. We found that treatment of mice with crocin blocked skin cancer-induced overexpression of Wnt
and B-catenin connected with amelioration of the symptoms of skin cancer as confirmed by a decrease in
tumor number and skin hyperkeratosis, parakeratosis, acanthosis, and dysplasia. Crocin was reported
previously to reduce the expression of both Wnt and B-catenin in breast cancer [13] and colorectal cancer
[14]. However, no previous study illustrated the ability of crocin to reduce the expression of the Wnt
pathway in skin cancer.

Next, we assessed the effect of crocin treatment on the expression of SMADs in skin cancer mice. SMADs are
intracellular proteins that help TGF-f signaling and assets in cell signals transfer from receptor to nucleus,
followed by the activation of SMAD-binding elements inside the nucleus [15]. They are three major
functional classes of SMADs. We measured SMAD?3, which belongs to the first class and functions as
receptor-regulated SMADS [16]. TGF- was reported to activate SMAD3 [17].

TGF-B is closely implicated in the progression, invasiveness, and metastasis of skin cancer [18]. TGF-B has
two opposite functions in carcinogenesis. In the early stages, it deactivates tumor progression by enhancing
the pro-apoptotic genes. However, in later stages, it enhances tumor growth and metastasis [19]. TGF-B
inhibits antitumor response by several methods such as inhibiting T-cell differentiation, activating
regulatory T cells, and ameliorating tumor-specific cytotoxic T lymphocytes [20]. However, we discovered a
reduction in the expression of SMAD3 and TGF-p after treating skin cancer with crocin, which is
accompanied by improved skin cell morphology and a reduction in the number of tumors. No previous study
illustrated the ability of crocin to reduce the expression of SMAD, however, crocin was reported to reduce
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the expression of TGF-P in leflunomide-induced liver injury [21], diabetic nephropathy [22], cisplatin (CIS)-
induced hepatotoxicity [23], and Bleomycin-induced pulmonary fibrosis [24]. However, no previous study
illustrated the ability of crocin to reduce the expression of the TGF-B pathway in skin cancer.

The tumor microenvironment is formed of many types of inflammatory cells such as macrophages,
neutrophils, killer cells, mast cells, and T- and B-lymphocytes. They all influence tumor initiation and
progression. They also enhance the production of interferons, TNF-a, and interleukins [25]. Moreover, there
are many cytokines that could promote tumor development. For example, skin cancer enhances the activity
of the NFKB pathway with the subsequent development of drug resistance [26]. NF-kB is considered a
leading factor in inflammation, leading to tumorigenesis. In the skin, there are many NFkB-dependent genes
that enhance cutaneous inflammation, for example, cytokines, chemokines, and adhesion molecules [27].
One of these factors is TNF-a, which is linked to many procedures of carcinogenesis such as proliferation,
angiogenesis, invasion, and metastasis [28]. However, using transgenic mice with genetic deletion of TNF-a
is linked to the protection of mice against ultraviolet radiation-induced skin cancer [29]. Finally, we found
that treatment of skin cancer mice with crocin blocked the expression of NF-kB and TNF-a.

The limitation of the current study includes that mice have different metabolic pathways and drug
metabolites than humans. Another limitation includes the presence of several methods for skin cancer
induction in mice. However, only one method is used for the induction of skin cancer by using DMBA. In
addition, we used the ELISA and PCR methods for the assessment of the expression of inflammatory and
fibrotic pathways, which has some limitations such as sequence accuracy, amplification yield, low signal
intensity, and high background.

The therapeutic effects of crocin on skin cancer open a new field for new safe products, highly available in
nature and cheap. More studies are needed to make sure of the mechanism of action. Finally, the mechanism
of action of crocin in skin cancer is summarized in Figure 6.
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FIGURE 6: The mechanism of the protective effects of crocin in skin
cancer

Inflammation

NFkB, nuclear factor kB; TGF-@, transforming growth factor-8; TNF-a, tumor necrosis factor-a.

Conclusions

Crocin produced therapeutic effects against skin cancer induced in mice by blocking the expression of Wnt.
The blocking of Wnt resulted in the deactivation of the pro-inflammatory pathway through the
downregulation of NFkB and TNF-a. In addition, crocin blocked the fibrotic pathway via the downregulation
of both the gene and protein expression of TGF-B. The current manuscript provided promising results in
treating skin cancer.

Additional Information
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Human subjects: All authors have confirmed that this study did not involve human participants or tissue.
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