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Crocin promotes apoptosis of human skin cancer
cells by inhibiting the JAK/STAT pathway
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Abstract. Pro-apoptotic effect and mechanism of crocin on
skin cancer cells were investigated. After human skin cancer
cells A431 and SCL-1 were processed with different concen-
trations of crocin in vitro (0,0.2,0.4,0.8 and 1.0 mmol/l), cell
viability was examined utilizing the methyl thiazolyl tetra-
zolium assay (MTT). After 24 h incubation, the cell viability
of A431 and SCL-1 decreased with increasing concentration
of crocin. This indicated that crocin is capable of inhibiting
the cloning ability and proliferative ability of human skin
cancer cells A431 and SCL-1 in a dose-dependent manner.
Flow cytometry results showed that crocin blocked A431 and
SCL-1 cells in GO/G1 phase, and promoted apoptosis. The
results of western blot analysis showed that the expression of
Bid, procaspase-3 and ciprofloxacin in A431 and SCL-I cells
were positively correlated with crocin, whilefthe eéxpression
of anti-apoptotic protein Bcl-2 was dowairegulated, which
was negatively correlated with the coneentration of crocin.
The detection of JAK/STAT signalinig pathway showed that
the expression of Jak2 and Stat34vas downregulated, which
was negatively correlated withcrocin cong¢entration. Crocin
can significantly inhibit the proliferation of human skin cancer
cells and induce cell cycle arrestdn GO/GI phase. Moreover, it
can promote apoptosissofithe cells. The apoptosis mechanism
may be related to the downregulation of JAK/STAT pathway.

Introduction

Skin cancer is one of the most common malignancies in the
world, and its morbidity is increasing year by year. It has
become a major disease that is detrimental to human health.
Skin cancers can be divided into basal cell carcinoma,
squamous cell carcinoma and melanoma. It has intricate
pathogenesis, which is currently considered to be attributed
to environmental factors, gene mutation and viral infection.
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Skin malignancies, such as squamous cell carcinoma and
malignant melanoma-have no effective prevention and treat-
ment at present<Therefore, the/study of the occurrence and
development sfiechani$m of skin cancers is imperative (1).

Crocinyis a'les§ common water-soluble carotenoid (dicar-
boxylicfacid monoglyceride) extracted from saffron (2,3).
Research has shown that cytoplasmic membrane rupture,
nuclear pyknosis and cell apoptosis were observed in cervical
carcinoma cells after the cells were treated with crocin (4).
Crocin inhibited the growth of tumor cells, the mechanism of
which may be related to its strong antitumor cytotoxicity (5).

Tumor development is a multi-gene, multi-step, multi-stage
sophisticated process. The biological characteristics of tumor
cells were mainly manifested as uncontrolled proliferation,
blocked apoptosis and strong invasiveness. In normal tissues,
cell proliferation and apoptosis is under a precisely regulated
dynamic balance status. Nevertheless, this balance is broken in
tumor tissues. Tumor cells begin to resist apoptosis, immune
destruction and other mechanisms of elimination. As a result,
tumor cells cannot be cleared in time, which is the determinant
of unlimited tumor proliferation (6).

The purpose of this study was to investigate the effects of
crocin on proliferation and apoptosis of human skin cancer
cells A431 and SCL-1, also to preliminarily explore its under-
lying mechanism.

Materials and methods

Materials and reagents. Human skin cancer cells A431
and SCL-1 were provided by the Dermatology Laboratory
of Nanjing Medical University First Affiliated Hospital
(Nanjing, China). RPMI-1640 medium was purchased from
Hyclone (GE Healthcare Life Sciences, Logan, UT, USA).
Fetal bovine serum, trypsin, penicillin and streptomycin
were purchased from Gibco; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA. Crocin and methyl thiazolyl tetrazolium
(MTT) were purchased from Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany. Annexin V-FITC apoptosis detection
kit was purchased from Bender MedSystems (Thermo Fisher
Scientific, Inc.). Bid, procaspase-3, Jak2, Stat3 and Bcl-2
antibodies were purchased from Santa Cruz Biotechnology,
Inc. (Dallas, TX, USA). Polyclonal goat anti-rabbit IgG-HRP
secondary antibody (cat. no. sc-2004; dilution, 1:500) was
purchased from Santa Cruz Biotechnology, Inc. (Dallas, TX,
USA).
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Preparation of crocin solution. Under sterile condition, 20 mg
of crocin and 12.5 mg of EDTA was dissolved into 4 ml of
3-fold distilled water for stock solution with a concentration of
50 mmol/l and stored at 4°C.

Cell culture. A431 and SCL-2 cells were cultured in RPMI-1640
medium containing 10% fetal bovine serum (FBS), 100 U/l
penicillin and 100 pg/ml streptomycin in incubator with
5% CO, at 37°C. The cells were subcultured routinely with
trypin digestion containing 0.02% EDTA.

Cell transfection. A431 and SCL-1 cells in the logarithmic
growth phase were inoculated into cell culture plates
according to the appropriate cell numbers and cultured over-
night. The following day, the cells were treated with different
concentrations (0, 0.4 and 0.8 mM) of crocin to detect the cell
phenotypes. Alternatively, according to the instructions of
Lipofectamine 2000, the cells were transfected with Jak2 over-
expression plasmid (pcDNA-Jak?2) for 8 h, and then replaced
with complete medium for further culture. The related pheno-
types were detected after the transfection process.

Cell viability assay. Cell viability was determined by MTT
assay. A431 and SCL-1 cells in logarithmic growth phase were
harvested for cell counting. The cell density was adjusted
for a concentration of 2x10%cells/ml by Dulbecco's modified
Eagle's medium (DMEM), then seeded into 96-well plates and
incubated at 37°C in a 5% CO, saturated humidity incubatot:
After overnight adherence, the supernatant was aspirated
and different concentrations of crocin (concefitration 0,0.2,
0.4, 0.8 and 1.0 mmol/l) were added to cofresponding treat-
ments for another 24 h incubation. On»the other hand, the
same concentration (0.8 mmol/l) of crocin was added and
cultured for 0, 6, 12, 24, 48 and 72 h, respectively.”A total of
20 ul MTT (5 g/1) solution wasédded to each well for 4 h and
centrifuged at 1,750 x g for/10 mipyat 4°C. The reaction was
terminated by discarding the supernatant and adding 150 ul
dimethylsulphoxide (DMSO) per-well¢ The sample was placed
on a shaker at shaking speed for 10 min. The OD value was
measured using spectrophotometer (Hitachi, Ltd., Tokyo,
Japan) at 570 nm wavelength. Each treatment was set up in
triplicates. Inhibition ratéiwas calculated as follows: Inhibition
rate (%) = (control group A - experimental group A)/control
group A x100%.

Colony formation assay. Cells in logarithmic growth phase
were converted into cell suspension status by using conven-
tional digestion and passage method. The cells were dissociated
thoroughly and repeatedly to make the cell percentage of each
single cell above 95%. A total of 200 cells were taken and
seeded in 6-well plates with 2 ml medium and shaken gently
on a shaker. Afterwards the plate was placed and incubated
at 37°C in a 5% CO, saturated humidity incubator for another
2 weeks. The formation of clones was monitored under a
microscope (BX-42; Olympus Corporation, Tokyo, Japan). The
culture medium was removed when clones were grown to the
appropriate number and size. Cells were fixed by adding 4%
polyoxymethylene for 10 min, and then rinsed with phosphate-
buffered saline (PBS) twice. After stained with hematoxylin
for 10 min, the cells were rinsed by PBS and air dried. After
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that the cells were photographed and counted under the micro-
scope (BX-42; Olympus Corporation).

EDU staining experiment. EDU kit was used for the experi-
ment. Cells in logarithmic growth phase were collected for
routine digestion, centrifugation, resuspension and counting.
Harvested cells were seeded into 96-well plates at a density
of 4x10° cells/well. After the cells grew adherently and in
proper concentration, EDU staining procedure was performed
following the kit instructions. After staining the cells were
photographed and counted under the fluorescence micro-
scope (IX70; Olympus Corporation). Samples that appeared
in >3 random sights were selected and calculated utilizing
IPWINGO software for the number of cells in S phase out
of every 200 cells. The ratio,was calculated by dividing the
number of cells in S phiase by 200, and then by further statis-
tical analysis.

Flow cytomettic analysis for‘evaluating apoptosis index and
the cell cyele. Thedhuman.skin cancer cells were collected and
adjusted’to a coneentration of 1x10%/ml, and then seeded on
6-well plates with 2'ml per well. After the cells were incubated
for 24 h, supernatant was removed and serum-free medium
containing 0, 0.4, 0.8 mmol/l of crocin was added. The 6-well
plates were placed into the incubator again for another 24 h
culture for following tests. For apoptosis assay, the cells were
washed twice with PBS, then collected at a density of 5x10°.
After centrifugation at 1,500 x g for 10 min at 20°C, 500 p1 of
binding buffer was added to resuspend cells. A total of 5 ul of
Annexin V-FITC and 5 ul of pro-pidium iodide (PI) was added
and mixed. The reaction was protected from light at room
temperature for 10 min. Finally, apoptosis index was evaluated
utilizing the flow cytometer. To detect the cell cycle phrase
distribution, the cells were washed once with PBS and then
collected and adjusted to a concentration of 1x10%/ml after
centrifugation. The sample was stabilized with 70% ethanol
and preserved at 4°C. The fixative was then washed with PBS
before staining. A total of 100 1l RNase A was added and
heated up to 37°C in water bath for approximately 30 min.
Then the sample was treated with 400 1 PI staining mix and
incubated in the dark at 4°C. After 30 min, the red fluorescence
at 488 nm wavelength was evaluated and recorded utilizing the
flow cytometer.

Western blot analysis. According to the amount of cells,
appropriate amount of RIPA cell lysis solution was added.
RIPA lysis and extraction buffer (cat. no. 89900; Thermo
Fisher Scientific, Waltham, MA, USA) was used for the
western blot analysis. Cell lysate was collected, sonicated
on ice for 1 min, and centrifuged. After centrifugation at
10,000 x g for 10 min at 4°C, the supernatant was collected
to determine the protein concentration by bicincho-ninic
acid (BCA) method. A total of 30 ug protein sample was
loaded on 10% sodium dodecyl sulphate (SDS) gel for each
well. After the electrophoresis, the gel was transferred to the
polyvinylidene fluoride (PVDF) membrane and blocked using
5% fat-free milk for 1 h. After that, corresponding primary
antibodies was added to each corresponding sample and incu-
bated at 4°C overnight. Then the corresponding secondary
antibody were added for 1 h incubation at room temperature.
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Figure 1. Crocin inhibits the proliferation of skin cancer cells. (A) At 24 h after skin cancer'cells (A431 and'SCL-1) were cultured by culture medium containing
different concentrations of crocin, MTT assay showed that cell viability decreases with increasing crocodile concentration. (B) Skin cancer cells were treated
with 0.8 mM crocin, and the viability of A431 and SCL-1 cells was measured by MTT assay. (C and.D) Cultured skin cancer cells with two media each contains
0.4 and 0.8 mM crocin separately, (C) utilizing the cloning ability of A431 and SCL-1 cells by plate clone assay; (D) utilizing EDU staining experiment to
evaluate the growth ability of A431 and SCL-1 cells. “Compared with 6 h, P<0.05; “‘compared with 6 h, P<0.01; ™" compared with 6 h, P<0.001.
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Figure 2. Crocin inhibits apoptosis and the cell cycle of skin cancer cells. Skin cancer cells were cultured in two media each contains 0.4 and 0.8 mM crocin.
(A) Flow cytometer was used to detect the apoptosis of A431 and SCL-1 cells. (B) Flow cytometer was used to detect the cell cycle expression of A431 and

SCL-1 cells. "P<0.05; “P<0.01; “"P<0.001.

Primary mouse monoclonal B-cell lymphoma-2 (Bcl-2)
antibody (cat. no. ab59348; dilution, 1:500); rabbit polyclonal
Caspase-3 antibody (cat. no. ab13847; dilution, 1:500);
rabbit monoclonal Bid antibody (cat. no. ab32060; dilution,
1:500); rabbit monoclonal JAK?2 antibody (cat. no. abl08596;
dilution, 1:500); mouse monoclonal STAT3 antibody
(cat. no. ab119352; dilution, 1:500); rabbit polyclonal GAPDH
antibody (cat. no. ab37168; dilution, 1:500) and secondary
goat anti-rabbit (HRP) IgG antibody (cat. no. ab6721; dilu-
tion, 1:2,000) were all purchased from Abcam (Cambridge,
MA, USA). Lastly enhanced chemiluminescent method was
used to expose the protein band. The experiment was repeated
three times independently.

Statistical analysis. The measurement data were expressed
as mean + standard deviation, utilizing SPSS 11.0 (SPSS Inc.,
Chicago, IL, USA) software for statistical analysis. t-test was
used to compare two groups. P<0.05 was considered to indi-
cate a statistically significant difference.

Results

Crocin inhibits the proliferation of human skin cancer cells
A431 and SCL-1.Crocinsignificantly inhibited the proliferation
of A431 and SCL-I cells and in a dose-dependent manner.
The maximum inhibitory effect appeared at 1 mM (Fig. 1A),
and the effect increased with the training time (Fig. 1B).
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Figure 3. Crocin inhibits anti-apoptotic proteins and promotes the expression of pre=apoptotic proteins. Skin cancer cells were cultured in two media each
contains 0.4 and 0.8 mM crocin. Western blot analysis was used to detect the eXpression of anti-apoptotic protein (Bcl-2) and pro-apoptotic proteins (Bid and
procaspase-3) in A431 and SCL-1 cells. "P<0.05; “P<0.01; “"P<0.001.
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Figure 4. Crocin inhibits the JAK/STAT signaling pathway and promotes apoptosis of skin cancer cells. (A) A431 and SCL-1 cells were cultured with two
media each contains 0.4 and 0.8 mM crocin, for the purpose of detecting the protein expression of Jak2 and Stat3 through western blot analysis. (B) A431 and
SCL-1 cells were cultured with a medium containing 0.8 mM crocin, or overexpressed JAK2, for the purpose of testing the cell viability utilizing the MTT
assay. 'P<0.05; “P<0.01; ""P<0.001.

Crocin was also found capable of constraining the clonogenic
capacity of human skin cancer cells. Also, the group using the
concentration of 0.8 mmol/l crocin had enhanced inhibitory

effects compared to 0.4 mmol/l (Fig. 1C). Furthermore, EDU
experimental results showed that crocin can inhibit the viability
of human skin cancer cells in a concentration-dependent
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manner (Fig. 1D). In conclusion, the above results showed that
crocin has potential therapeutic effect on skin cancer.

Crocin inhibits the cell cycle transition and cell proliferation
of A431 and SCL-1 cells. Flow cytometry analysis showed
that crocin could induce apoptosis of A431 and SCL-1 cells
to a certain extent, which was positively correlated with the
concentration (Fig. 2A). Moreover, compared with the control
group, it was found that crocin could arrest A431 and SCL-1
cells in GO/GI phase (Fig. 2B).

Crocin inhibits the expression of anti-apoptotic proteins and
promotes the expression of pro-apoptotic proteins. A431 and
SCL-1 cells were cultured individually with 0, 0.4, 0.8 mmol/I
crocin. The proteins were collected after 24 h to evaluate
the expression of anti-apoptotic protein Bcl-2, pro-apoptotic
protein Bid and procaspase-3. The results showed that the
expression of anti-apoptotic protein was downregulated, while
the expression of pro-apoptotic protein was upregulated. Also,
the group using the concentration of 0.8 mmol/I crocin exerted
better effects than that of 0.4 mmol/l. These results suggested
that crocin induced apoptosis of skin cancer cells A431 and
SCL-1 by regulating apoptosis pathway (Fig. 3).

Crocin has inhibitory effects on JAK/STAT signaling pathway
in human skin cancer cells. A431 and SCL-1 cells were cultured
in medium containing 0, 0.4 and 0.8 mmol/l crocin respeetively
for the purpose of evaluating the expression of Jak2 and Stat3
proteins using western blot analysis. The results showed that
crocin can inhibit the expression of Jak2 and Stat3 protein
in a dose-dependent pattern (Fig. 4A). Aftet crocin treatment
and overexpressing Jak2 at the same time, cell, viability result
by MTT assay showed that the celléviability of 0.8 mmol/l
crocin group showed a significantdecrease at 24,48 and 72 h
compared with the control group. The overexpression of Jak2
partially reversed the inhibitory effects of crocin, further
suggesting that crocin could inhibit the Jak2/Stat3 pathway in
human skin cancer cellsito facilitate apoptosis (Fig. 4B).

Discussion

In recent years, traditional Chinese medicine treatment for
various tumors has become a hotspot and focus of oncology
field, considering its benefit of reduced toxicity and fewer side
effects. Previous studies indicated that the traditional Chinese
medicine treatment could inhibit proliferation, promote apop-
tosis and exert antitumor effects using other mechanisms (3,7).
Studies have demonstrated that crocin extracted from saffron
has prominent inhibitory effects on a variety of cancer cell
proliferation (5,8,9) by acting on various pathways, including
apoptosis pathway (10-12).

Apoptotic pathways are mainly regulated by endogenous
pathways, exogenous pathways and endoplasmic reticulum
stress pathways. The endogenous pathway is also a
mitochondrial-dependent pathway, in which the mitochondrial
membrane potential changes after the cells receive the
exogenous signal. The increased mitochondrial membrane
permeability enables the release of mitochondrial protein into
the cytoplasm, thereby inducing apoptosis. Exogenous pathway
is induced by the binding of death ligand and death receptor,
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which recruits adapter protein and forms a death-inducing
signaling complex (DISC) with the caspase-8 precursor, thus
activating caspase-3 for apoptotic induction. The cellular
endoplasmic reticulum stress signal is activated when the
cellular misfolded protein accumulates excessively, triggering
apoptotic signals and promoting apoptosis through a series of
apoptosis-related molecules (13). The Bcl-2 family is a type of
important regulatory protein in the process of apoptosis. The
balance of pro-apoptotic proteins and anti-apoptotic proteins in
this family affects whether the cells survive or die. When cells
receive a survival signal, anti-apoptotic molecules such as Bcl-2,
Mcl-1 and Bcl-w are activated. In contrast, the pro-apoptotic
protein such as Bid, Bax would be activated to induce apoptosis
of cells, when the cells receive the pro-apoptotic signal (14).
In this study, we preliminary. demonstrated that saffron can
inhibit the proliferation‘of skin cancer cells as well as promote
apoptosis. While detecting apoptosis-related proteins, we found
out that the expfession of anti“apoptotic protein Bcl-2 was
downregulated, while'the expression of pro-apoptotic protein
Bid and precaspasé-3 wasapregulated.

Recént studies have found that JAK/STAT signaling
pathway was activated abnormally in a variety of tumor
tissues, which has an immense influence on tumor progres-
sion (15,16). JAK/STAT signaling pathway is an important
intracellular signal transduction pathway involved in a variety
of physiological processes such as cell growth, differentiation
andwapoptosis (17). STAT persistent specific signals, espe-
cially STAT3 and STATS, can encode apoptosis inhibitors.
It can also stimulate cell proliferation and inhibit apoptosis
by upregulating the effect of Bcl-xl, Bcl-1 cyclin D1/D2
and c-Myc genes, thereby participating in the formation of
tumors (18,19). The continuous activation of STAT3, which
is capable of promoting malignant transformation, has been
corroborated as an oncogene (20). Under the pathological
conditions, the downstream target genes of STAT signals,
such as Bcl-2, caspases, survivin, Bcl-xl, cyclin D1, p21 and
VEGEF, Mcl-1, c-Myc, c-Jun and Fas, are abnormally activated
and involved in a variety of pathophysiological processes such
as cell proliferation, differentiation, malignant transformation,
and apoptosis inhibition (21-23). In this study, the expression
of Jak2 and Stat3 was downregulated after crocin treatment of
human skin cancer cells. In the combination group with both
Jak2 expression and crocin treatment, there was no evidence
of any tumor-promoting effect in JAK/STAT pathway. This
illustrated that crocin can play a tumor-promoting role by
inhibiting Jak2/Stat3 pathway in human skin cancer.

In conclusion, crocin could inhibit the proliferation of A431
and SCL-1 skin cells and promote apoptosis. The possible
mechanism of apoptosis is to inhibit the Jak2/Stat3 pathway,
downregulate the anti-apoptotic protein Bcl-2 expression and
enhance the levels of pro-apoptotic protein Bid and procas-
pase-3.
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