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ABSTRACT
Cutaneous squamous cell carcinoma (cSCC) is a highly prevalent skin malignancy, and the 
effective therapy still remains a challenge. Crocin can be used for cSCC therapy. This study 
explored the effects of cSCC cells treatment with crocin in vitro and in vivo. The study used 
A431 and SCL-1 cells lines, cSCC human samples and BALB/C nude mice for investigations. 
Apoptosis was determined by MTT assays, while miR-320a and ATG2B expressions were validated 
through RT-qPCR. Interaction of miR-320a with ATG2B was examined via dual luciferase reporter 
assay. The autophagy and apoptosis proteins expressions were further confirmed through western 
blot and immunofluorescence staining assays. The results indicated a significantly upregulated 
miR-320a, but a down-regulated ATG2B expression in the cSCC clinical samples. Crocin signifi-
cantly repressed cSCC cells growth, and induced apoptosis through autophagy. Furthermore, miR- 
320a expression was inhibited and ATG2B expression was increased. Dual luciferase reporter assay 
revealed that miR-320a regulated ATG2B expression directly. Additionally, the upregulation of 
ATG2B expression in cSCC cells inhibited cell proliferation and led to cell apoptosis. Crocin also 
reduced tumor growth and stimulated the apoptosis in vivo. In conclusion, miR-320a is upregu-
lated and ATG2B is down-regulated in cSCC, Crocin suppresses the proliferation and induces 
apoptosis of cSCC cells. Further, Crocin increases autophagy while miR-320a hinders autophagy 
and the apoptotic effects of crocin on cSCC cells. MiR-320a binds ATG2B directly, and ATG2B 
expression is upregulated by crocin. Finally, Crocin triggers cSCC cells apoptosis in vivo. Crocin can 
target ATG2B/miR-320a and may be an effective alternative for cSCC treatment.
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1. Introduction

Cutaneous SCC has a high global prevalence, and its 
risk factors include ultraviolet radiation (UVR), 
smoking, chemical exposure and immunosuppression 
[1]. The prognosis of cSCC mainly depends on tumor 
size, depth, differential status, anatomical location and 
pathological types [2]. Current management options 
of cSCC include surgical removal, radiotherapy, 
cryotherapy, curettage and electrodesiccation, che-
motherapy, electrochemotherapy, targeted therapy 
and immunotherapy [3]. Despite these advances, the 
failure rates of these treatments are high, and cSCC 
can easily recur and metastasize. Thus, exploring new 
approaches to treating cSCC is necessary.

Autophagy is among the essential protective cel-
lular pathways that modulate stress-induced adapta-
tion and control of damage. The process sequesters 
organelles and long-lived proteins in vesicles coated 
with membrane, thus referred to as autophago-
somes. This mechanism of survival, initiated by dif-
ferent stress types, may block extrinsic and intrinsic 
apoptotic pathways [4], and tumor cells utilizes 
autophagy to evade starvation and hypoxia. 
Interestingly, anticancer treatments such as DNA- 
inactivating drugs or antagonists of hormones initi-
ates autophagy as pro-survival response [5]. 
Consequently, the ability to modulate autophagy is 
key in cancer research and treatment. The role of 
autophagy-related 2 (ATG2) is not clearly character-
ized in cutaneous SCC and only a few studies have 
demonstrated that homologous ATG2A and ATG2B 
genes are involved in the formation of autophago-
some in HeLa cells [6]

MiRNAs are approximately 22–25 nucleotide 
short single-stranded non-coding RNAs that bind 
directly to the target messenger RNAs’ 3ʹ- 
untranslated regions (3ʹ-UTRs), leading to degrada-
tion of mRNA or translational suppression. 
Specifically, miR-320a has been identified as 
a metastatic suppressor in various cancers such as 
colorectal cancer (CRC) whereby high expression of 
miR-320a in CRC stage II tumors was linked with 
better disease-free survival in the patients with CRC 
[7] Mechanistic investigations demonstrated that 
miR-320a exerts its inhibitory role by targeting var-
ious genes, eg neuropilin 1 (in CRC cells) [8], gua-
nine nucleotide-binding protein G subunit alpha-1 
(in hepatocellular carcinoma) [9] and aquaporin 1 

and 4 (in cerebral ischemia) [10]. miR-320 has also 
been shown to suppress Wnt/beta-catenin signaling 
pathway through targeting the β-catenin mRNA’s 
3�-UTR [11]. The miR-320a characteristics, which 
controls the expression of various targets, demon-
strates its significance in the regulatory network for 
the development of diseases. Thus, identifying and 
characterizing its possible novel targets may provide 
new insights into understanding the biological and 
pathological roles of miR-320a in cSCC.

Crocin is one of the constituents of saffron and has 
diverse pharmacological effects, such as anti-oxidant, 
anti-inflammatory, and anti-depressant effects [12]. 
Further, Crocin can inhibit the growth of cancer 
cells, and enhance tumor’s sensitivity to chemother-
apy or radiation. Previous study also reported the 
effectiveness of crocin in reducing migration, inva-
sion, and epithelial–mesenchymal transition in gastric 
cancers through miR-320/KLF/HIF1α axis, [13]. 
Similarly, crocin has also been reported to trigger 
apoptosis in breast carcinoma cells [14].

In relation to autophagy, crocin has been 
reported to exert the apoptotic effects on various 
malignancies, such as hepatocellular carcinoma 
[15], and cervical cancer, via promoting autopha-
gic apoptosis [16]. However, studies reporting the 
use of crocin against cSCC are entirely nonexis-
tent. The study hypothesized that Crocin plays 
anti-proliferative and apoptotic roles on cutaneous 
squamous cell carcinoma via miR-320a/ATG2B. 
This study aimed at assessing the expression of 
MiR-320a and ATG2B in human cutaneous squa-
mous cell carcinoma, understanding the effects of 
Crocin in proliferation and apoptosis of cSCC 
cells. Further, the study aimed at determining the 
effects of Crocin and MiR-320a in autophagy in 
cSCC cells. Finally, the role of Crocin in cSCC cells 
apoptosis in vivo was investigated.

2. Materials and methods

2.1 Clinical samples

The clinical work was approved by the Ethical 
Committee of Zibo Central Hospital. Thirty-two con-
firmed cSCC patients were enrolled in the study from 
December 2018 to December 2019. The patients did 
not receive any treatment before inclusion into the 
study. After a written informed consent, carcinoma 
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and adjacent normal tissues were obtained from the 
patients through biopsy for comparison and analysis. 
The diagnosis was confirmed by two experienced 
pathologists. The obtained samples were stored at 
−80°C for further analysis. Clinical and pathological 
features of patients were shown in Table 1.

2.2 Chemicals and Reagents
cSCC cell lines-A431 and SCL-1 cells were pur-
chased from the American Type Culture 
Collection, USA. Crocin was purchased from 
MedChemExpress, USA, and dissolved in 
dimethyl sulfoxide (DMSO, Sigma–Aldrich, 
USA). Dulbecco’s modified Eagle’s medium 
(DMEM) was acquired from Sigma-Aldrich, 
USA. Penicillin-streptomycin, trypsin-EDTA 
and fetal bovine serum (FBS) were obtained 
from Gibco (Grand Island, NY, USA). Si- 
ATG2B, si-negative control (NC), mimic nega-
tive control (NC), miR-320a mimic, inhibitor 
negative control (NC), and miR-320a inhibitor 
were all purchased from Genomeditch, 
Shanghai, China. MTT kits were purchased 
from Beyotechnology, Shanghai, China.

2.3 cell culture and transfection

Two cSCC cell lines-A431 and SCL-1 cells–were 
cultured in Dulbecco’s modified Eagle’s medium 
supplemented with 10% fetal bovine serum and 
1% penicillin–streptomycin (50 mg/L penicillin; 
100 µg/ml streptomycin in a 6-well platesThe 
plates were incubated at 37°C in a humid atmo-
sphere of 5% CO2. Approximately 3 × 105 cells per 
well were seeded in 6-well plates and incubated 
overnight. When the cells were at approximately 
80% confluence, si-ATG2B, si-negative control 
(NC), mimic negative control (NC), miR-320a 
mimic, inhibitor negative control (NC), and miR- 
320a inhibitor were transiently transfected into the 
tumor cells using Lipofectamine 2000, following 
the manufacturer’s guidelines. After a 48 h incu-
bation in 37°C and 5% CO2, the transfected tumor 
cells were used for further assays [17].

2.4 Quantitative real-time PCR (qRT-PCR)

Total RNA extraction was done using Trizol reagent 
(Sigma–Aldrich, USA), while total miRNA was 
obtained by using Molpure Cell/Tissue miRNA Kit 
(Yeasen, Shanghai, China). In addition, mRNA was 
transcribed using Hifair III One Step RT-qPCR 
Probe Kit (Yeasen, Shanghai, China), while 
TaqMan MicroRNA Reverse Transcription Kit 
(Invitrogen, USA) was used to transcribe miRNA. 
Real-time PCR was done using ABI 7900 Fast PCR 
system (applied Biosystems) using SYBR green 
(Roche, Switzerland). U6 was used as endogenous 
control for miR-320a. The endogenous control for 
other primers was GAPDH. The 2−∆∆Ct method was 
utilized for determination of expressions of relative 
mRNA or miRNA [18]. All the assays were plated in 
triplicate and repeated thrice. The primers in our 
experiments were listed in Table 2.

Table 1. Clinicopathological features of cSCC patients enrolled 
in our study.

Variable n %

Sex
Male 17 46.9
Female 15 53.1

Tumor thickness
≤2.0 mm 8 25
2.1–5.9 mm 13 40.6
≥ 6.0 mm 11 34.3

Tumor horizontal size
≤20 mm 9 28.1
21–49 mm 11 34.4
≥ 50 mm 12 37.5

Tumor differentiation
Good 19 59.4
Moderate 8 25
Poor 6 18.6

Desmoplastic growth
No 29 90.6
Yes 3 9.4

Tumor site
Ear 9 28.1
Lip 1 3.1
Other 1 3.1
Face, other 12 37.5
Body, other 9 28.1

>1 simultaneous cSCC
Absent 23 71.9
Present 9 28.1

Table 2. Primers in experiments.
Gene Primer 5ʹ�3’

MiR-320a F: CTCCCCTCCGCCTTCTCTTC
R: TCCTTTTTCGCCCTCTCAACC

ATG2B F: AACTGCTGACGAATCCTCAGG
R: GGGGTTCCAGCTAGGTGAGA

GAPDH F: GGAGCGAGATCCCTCCAAAAT
R: GGCTGTTGTCATACTTCTCATGG

U6 F: CTCGCTTCGGCAGCACA
R: AACGCTTCACGAATTTGCGT

BIOENGINEERED 4571



2.5 Cell viability assay

Assessment of Cell viability was done by MTT 
assay. The SCL-1 and A431 cells in logarithmic 
phase were harvested for counting. The density 
of cells was adjusted to a density of 4 × 104 cells 
per ml by DMEM, then plated into 96-well plates 
and cultured at 37°C in a 5% CO2 incubator. After 
12 h, the supernatant was discarded and various 
concentrations of crocin (concentration 0, 1, 2 and 
4 mM) were added to the corresponding treat-
ments and incubated 24 h or 48 h. 
Approximately 20 µl MTT solution was added to 
every well for 4 h and centrifuged at 4°C for 
10 min at 1,750 x. The supernatant was discarded 
and 150 µl of DMSO was added per-well. The 
sample was then shaken in a shaker for 10 min 
and OD value was measured at 570 nm wavelength 
in spectrophotometer (Hitachi, Ltd., Tokyo, 
Japan). Each treatment was done in triplicates. 
The rate of Inhibition was calculated as follows: 
Inhibition rate (%) = (control group A – experi-
mental group A)/control group A x100%[19].

2.6 Dual luciferase reporter activity assay

The predicted ATG2B 3�-UTR sequences encom-
passing the binding sites of miR-320a were ampli-
fied through PCR and consequently sub-cloned 
into a dual-luciferase reporter to construct pMIR- 
GLO (Promega) forming the pMIR-GLO- ATG2B 
-WT reporter vector. The mutant reporter vector 
pMIR-GLO- ATG2B -MUT was obtained by 
a site-directed mutagenesis kit (New England 
Biolabs). A431 and SCL-1 cells were co- 
transfected with miR-320a mimics or scramble 
control and with pMIR-GLO- ATG2B-WT or 
MUT reporter vector using Lipofectamine 2000 
(Thermo Fisher Scientific) and incubated for 
48 h. luciferase activities were then assessed with 
the Dual-Luciferase Reporter Assay System 
(Promega) [17]. All experiments were plated in 
triplicate and repeated thrice.

2.7 Immunofluorescent staining assay

A431 cells (1 × 105 cells/well) and SCL-1 cells 
(1 × 105 cells/well) were grown on glass slides in 
culture well plates and then treated with crocin 

(concentration 0, 1, 2 and 4 mM) and cultured for 
24 h. Cells in the culture plate were washed in PBS 
for three times, fixed with 4% paraformaldehyde for 
15 min, and re-washed thrice in PBS. Later, cells 
were permeabilized using Triton X-100, washed 
three times in PBS, blocked in 1% BSA, and incu-
bated with rabbit anti-mouse LC3B antibody (1:100) 
overnight. Finally, the samples were incubated with 
DAPI in the dark for 5 min, and washed in PBST. 
The slides were dried with an absorbent paper, sealed 
with a liquid containing anti-fluorescence quenching 
agent, and finally observed under a fluorescence 
microscope and the images captured, and analyzed 
using ImageJ software [20].

2.8 Western blotting

Cell proteins extraction was done using RIPA lysis 
buffer (Biotechnology, Shanghai, China) conju-
gated with protease inhibitor cocktail 
(Beyotechnology, Shanghai, China). Proteins were 
loaded into 12% SDS-PAGE gel. After electrophor-
esis, proteins were transferred onto polyvinylidene 
fluoride membrane (Thermo Fischer Scientific, 
USA). These membranes were blocked with 4% 
bovine serum albumin for 1 h at room tempera-
ture, after which they were incubated with primary 
antibodies at 4 o C for about 24 h. Next, these 
membranes were incubated with the appropriate 
secondary antibodies at room temperature for 
around 1 h. The primary antibodies against 
cleaved caspase-3 (1:1000, Abcam, UK; ab32042), 
cleaved caspase-9 (1:1000, Abcam, UK; ab2324), 
ATG2B (1:1000, Abcam, UK; ab189934), BECN1 
(1:1000, Abcam, UK; ab210498), LC3B (1:1000, 
Abcam, UK; ab192890), cyclin D1 (1:1000, 
Abcam, UK; ab16663) were used in this research. 
GAPDH (1:1000, Beyotechnology, China; AF1186) 
was used as the internal control. The membranes 
were incubated for 1 h with HRP-conjugated sec-
ondary antibodies (Santa Cruz). Finally, protein 
bands were visualized by ECL kits (Millipore, 
USA), and analyzed using ImageJ software.

2.9 Animal experiments

Healthy six BALB/c nude mice (4–6 weeks old, 
male, 18–20 g) were purchased from the institu-
tional animal center. Housing, care, and 
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anesthesia to the experimental animals were pro-
vided following the international and 
Institutional Animal Welfare and Ethics 
Committee guidelines. The animals were housed 
in the animal rooms (10-h light/14-h dark cycle, 
22–27°C, relative humidity: 40–60%) under ster-
ile environment. These animals were randomly 
divided into two groups: (1) the control group 
(n = 3) and (2) the crocin treatment group 
(n = 3). A pellet of 2.5 × 107 A431 cells, sus-
pended in cold PBS (100 ul) was injected into 
the right flank of each BALB/c nude mice sub-
cutaneously. Crocin (50 mg/kg) was adminis-
tered into each mice in the crocin treatment 
group every day for 3 weeks by intraperitoneal 
injection, and an equal amount of natural saline 
was given to rats in the control group in the 
same way. Mice were sacrificed by cervical dis-
location. Also, tumor xenografts were also col-
lected. The tumor size and body weight were 
periodically determined.

Tumor measurements were determined by 
a caliper ruler. The tumor volume was determined 
by the equation: tumor volume (mm3) = (length × 
width [2])/2. The length and the width were pre-
sented in millimeters [21].

2.10 Statistical methods

Data were analyzed using on GraphPad Prism 8.0 
and presented as mean ± standard deviation (SD). 
Two-tailed P < 0.05 was considered significant. All 
our experiments were independently performed 
three times. Student’s t-test and one-way analysis 

of variance (ANOVA, Bonferroni post hoc test) 
were adopted in our analysis, depending on the 
experiment. Pearson correlation test was also done 
where appropriate.

3. Results

3.1 MiR-320a is upregulated and ATG2B is 
down-regulated in human cutaneous squamous 
cell carcinoma

Cutaneous squamous cell carcinoma is a highly 
prevalent tumor, and the treatment remains 
a challenge. Crocin is a saffron with a wide med-
ical use. The current study hypothesized that cro-
cin induce anti-proliferative and apoptotic effects 
on cutaneous squamous cell carcinoma through 
miR-320a/ATG2B. The study aimed at assessing 
whether crocin induces apoptosis of cSCC and 
the involvement of miR-320a/ATG2B axis. To 
study the expression of MiR-320a and ATG2B in 
human cutaneous squamous cell carcinoma, 32 
cSCC clinical samples and the adjacent normal 
skin tissues were obtained and analyzed through 
RT-qPCR. According to the results, MiR-320a 
expression was upregulated in cSCC samples as 
compared to the control samples (Figure 1a). 
However, ATG2B expression was significantly 
downregulated in the cSCC positive clinical sam-
ples than in the control samples (Figure 1b). 
Moreover, miR-320a expression was negatively 
associated with the expression of ATG2B 
(Figure 1c). Together, these data indicated that 
MiR-320a is upregulated and ATG2B is down- 
regulated in human cSCC.

Figure 1. Clinical sample analysis. (a) MiR-320a expression in cSCC tissues and normal adjacent tissues. (b) ATG2B expression in cSCC 
tissues and normal adjacent tissues. (c) The link between miR-320a and ATG2B expression (Pearson correlation analysis). **P < 0.01, 
***P < 0.001 versus the control group.
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Figure 2. Crocin suppresses the proliferation of cSCC cells and induces their apoptosis. (a) MTT assay to evaluate cell viability. (b) 
Inhibition rate curve used for the determination of IC50 of crocin on the proliferation of A431 and SCL-1 cells treated with 1, 2 and 
4 mM crocin for 48 h. (c) MTT assay to examine cell proliferation. (d) Western blots for cyclin D1 and cleaved caspase-3 expression. 
NS, non-significant, *P < 0.05, **P < 0.01, ***P < 0.001 versus the control group.

Figure 3. Crocin increases autophagy in cSCC cells. (a) Immunofluorescent staining assay for autophagy. (b) Western blots for BECN1 
and LC3B. **P < 0.01 versus the control group.
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3.2 Crocin suppresses the proliferation and 
induces apoptosis of cSCC cells

To determine the effects of crocin on tumor 
cells proliferation, A431 and SCL-1 cells were 
first treated with 0, 1, 2, or 4 mM of crocin for 
24 h. According to the results, cell viability was 
reduced in a dose-dependent manner 
(Figure 2a). Cell inhibitory rate was calculated 
to determine the IC50 of crocin in A431 and 
SCL-1 cell line. The results showed that the 
highest cell viability inhibition rate was 
observed at 4 mM concentration of crocin 
with 3.2 ± 24.78 IC50 (Figure 1b). Next, 
4 mM crocin was chosen as the concentration 
for the subsequent experiments. A431 and SCL- 
1 cells were subjected to crocin treatment for 24 
or 48 h, and then cell proliferation was evalu-
ated. cSCC cells proliferation was significantly 
reduced by crocin (Figure 2c). Further, Western 
blot experiments to analyze the apoptosis of 
cSCC cells indicated a significantly down- 
regulated cyclin D1 expression following the 
tumor cells treatment with 4 mM crocin for 
48 h (Figure 2d). These observations demon-
strated that Crocin suppresses the proliferation 
and induces apoptosis of cSCC cells.

3.3 Crocin increases autophagy in cSCC cells

To investigate the effect of crocin on autophagy 
of tumor cells, the cells were treated with 4 mM of 
crocin and incubated for 48 h. The expression of 
autophagy protein, LC3 puncta was then examined 
through immunofluorescent staining. According to 
the results, LC3 puncta expression was significantly 
increased following the treatments of A431 and SCL- 
1 cell lines with crocin (Figure 3a). Additionally, the 
expressions of BECN1 and LC3B autophagy key 
protein markers were assessed through western 
blot experiments. The observations indicated 
a significantly increased BECN1 and LC3B proteins 
expression in the crocin-treated tumor cells com-
pared to the DMSO-treated controls (Figure 3b). 
These observations confirmed that crocin might trig-
ger the apoptosis in cSCC cells via autophagy.

2.4 MiR-320a hinders autophagy and the 
apoptotic effects of crocin on cSCC cells

To explore how crocin influences cSCC cells, 
A431 and SCL-1 cells were treated with crocin, 
and miR-320a mRNA expression was analyzed 
through qRT-PCR. The results demonstrated 
a significantly reduced miR-320a expression 

Figure 4. MiR-320a mediates autophagy and the apoptotic effects of crocin on cSCC cells. (a) MiR-320a expression in both cell lines 
following crocin treatment. (b) MiR-320a expression following transfection. (c) Western blots for BECN1, LC3B and cleaved caspase-3. 
**P < 0.01, ***P < 0.001 versus the control group.
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following the treatment with crocin (Figure 4a). 
Next, both cell lines were transfected with miR- 
320a mimics and its negative control, miR-320a 
inhibitor and inhibitor negative control (NC), 
and ATG2B inhibitor and its negative control. 
The miR-320a mRNA expression was analyzed 
through qRT-PCR. According to the observation, 
miR-320a mRNA expression was significantly 
reduced compared to the control (Figure 4b). 
Later, western blot experiment was undertaken to 
analyze, BENC1, LC3B and cleaved caspace 3 
expression in tumor cells transfected with miR- 
320a inhibitor and the controls. The observations 

demonstrated a significantly increased BECN1, 
LC3B and cleaved caspace 3 proteins expressions 
in cells transfected with miR-320a inhibitors com-
pared to the control groups as shown in Figure 4c. 
Taken together, the observations demonstrate that 
miR-320a might play a negative role in inducing 
autophagy and apoptosis following crocin treat-
ment in cSCC cells.

3.5 MiR-320a binds ATG2B directly

To identify the MiR-320a target and understand 
the mechansisms underlying its role in cSCC 

Figure 5. ATG2B expression is upregulated by crocin. (a) The illustration of the complementary sequence between miR-320a and 
ATG2B. (b) The luciferase activity in wild-type luciferase constructs. (c) The luciferase activity in mutant-type luciferase constructs. (d) 
ATG2B expression following miR-320a inhibitor transfection. NS, non-significant, *P < 0.05, **P < 0.01, ***P < 0.001 versus the 
control group.
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cancer, ENCOR1 was used. The resulting predic-
tion indicated that miR-320a could target ATG2B 
directly and the complementary sequence between 
these two genes is illustrated in Figure 5a. Next, 
dual luciferase reporter assay was performed to 
determine whether miR-320a binds directly to 
3�UTR of ATG2B. First, two types of luciferase 
constructs of ATG2B were made: pGL3-ATG2B- 
WT and pGL3-ATG2B-MUT. A431 cells were co- 
transfected with pGL3-ATG2B-WT and mimic 
NC, miR-320a mimic, inhibitor negative control 
(NC) or miR-320a inhibitor, respectively. The 
results show that after transfecting A431 cells 
with pGL3-ATG2B-WT, the co-transfection with 
miR-320a mimic significantly reduced the lucifer-
ase activity, whereas the co-transfection with miR- 
320a inhibitor significantly increased luciferase 
activity (Figure 5b). Further, A431 cells were co- 
transfected with pGL3-ATG2B-MUT and mimic 
negative control (NC), miR-320a mimic, inhibitor 
negative control (NC) or miR-320a inhibitor 
respectively. The results indicated that transfection 
with miR-320a mimic or pGL3-ATG2B-MUT + 
miR-320a did not have any effect on the luciferase 
activity (Figure 5c). To confirm the relationship 
between miR-320a and ATG2B, A431 cells were 
transfected with miR-320a mimic and mimic NC, 
respectively, and the expression of ATG2B was 
analyzed by western blot. According to the results, 

ATG2B expression was significantly elevated in 
MiR-320a inhibitor transfection compared to the 
miR-320a mimic transfection group (Figure 5d). 
Therefore, these observations confirm that ATG2B 
is one of the direct binding sites of miR-320a.

3.6 ATG2B expression is upregulated by crocin

To explore how miR-320a influences autophagy in 
cSCC cells, the expression of the genes related to 
autophagy in these cells was assessed through qRT- 
PCR. It was found that ATG2B mRNA expression 
was remarkably upregulated following the treat-
ments of both tumor cells with crocin (Figure 6a). 
Western blotting to determine ATG2B expression 
showed a significantly elevated ATG2B protein 
expression following treatment with crocin as com-
pared to the DMSO treated group (Figure 6b). To 
determine the role of ATG2B in autophagy, lenti-
virus was devised to transfect cSCC cells and knock 
down ATG2B expression in cSCC cells, and qRT- 
PCR was used to confirm the transfection efficiency. 
The results confirmed a significantly down-regulated 
relative ATG2B expression in the si-ATG2B group as 
compared to the si-NC group (Figure 6c). After 
ATG2B expression was silenced in these two cell 
lines, the expression of cleaved caspase-3 was exam-
ined through western blot. The cleaved caspase-3 
expression was significantly increased following 

Figure 6. ATG2B expression is upregulated by crocin. (a) ATG2A mRNA expression. (b) Western blots for ATG2B. (c) ATG2A mRNA 
expression in both cell lines following si-ATG2B transfection. (d) Western blots for ATG2B and cleaved caspase-3. **P < 0.01, 
***P < 0.001 versus the control group.
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ATG2B knockdown in both the cell lines as com-
pared to the si-NC group (Figure 6d). Taken 
together, these results confirm that crocin induces 
the apoptosis in cSCC cells via ATG2B.

3.7 Crocin triggers the apoptosis in cSCC in vivo

To confirm the apoptosis role of crocin in vitro, 
A431 cells were subcutaneously injected into nude 
mice to induce tumors the experimental mice were 
then treated with 4 mM of crocin and tumor 
growth monitored. The animals were eventually 
sacrificed and the tumor sizes and weight were 
determined. The results indicated a significantly 
inhibited tumor size in the treatment group com-
pared to the control. (Figure 7a). Similarly, the 
tumor weight in the crocin treatment group was 
significantly lower than in the control group 
(Figure 7b). Determination of also, cyclin D1 
expression through western blot confirmed 
a significantly reduced cyclin D1 expression in 
the crocin treatment group compared to the nega-
tive treatment group. Cleaved caspase-3, ATG2B, 

LC3B and BECN1 expression were also increased 
by crocin treatment compared to those in the 
control group (Figure 7c). Summarized together, 
these data generally confirm that crocin suppresses 
cSCC growth and induces apoptosis in vivo.

4. Discussion

Cutaneous SCC has a high recurrence rate and a high 
chance of metastasis. The conventional treatment 
methods for cSCC include chemotherapy and sur-
gery, which have had long time challenges of remis-
sion. Besides, most drugs pose a harmful side effects. 
Consequently, developing more effective novel cSCC 
treatments methods is necessary. The current 
research assessed the effects of crocin in the treat-
ment of cSCC. The findings demonstrated that cro-
cin could promote the apoptosis of SCC and repress 
the proliferation in SCC both in vitro and in vivo.

The role of crocin in inhibiting growth has been 
reported in various cancers, for instance, such as 
breast cancer [14]. The mechanism of inhibition 
of proliferation in breast carcinoma cells by crocin 

Figure 7. Crocin triggers the apoptosis in cSCC in vivo. (a) The illustration of tumors in animal experiments. (b) Tumor weight. (c) 
Western blots for cyclin D1, cleaved caspase-3, ATG2B, BECN1 and LC3B. *P < 0.05 versus the control group.
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has been reported to involve binding tubulin 
dimers and oligomers, resulting in the distorted 
formation of microtubular network in breast can-
cer cells [22]. Similarly, reports have demonstrated 
that crocin can bind tubulin at the vinblastine 
location and lead to a pause in cellular mitosis 
by increasing the activity of checkpoint proteins 
[23]. In this study, crocin was directly linked to 
autophagy pathway, and ATG2B was demon-
strated to be upregulated by crocin. Even though 
Autophagy has been reported to play dual func-
tions in cancer down-regulation or promotion 
[24], crocin in this particular study was shown to 
promote autophagy, (autophagy-related gene 2; 
ATG2b) consequently suppressing cSCC. Beclin 
1 function as a repressor of tumor, hence it was 
highly increased in crocin treatment in our study, 
which is in agreement with several other related 
studies [25]. Furthermore, LC3B, a marker for the 
autophagosomal membrane was also highly 
expressed following treatment with crocin. The 
same observation had been reported by Jong 
et al, following treatment of Glioblastoma cells 
with curcumin [26].

MiR-320a has previously been reported to play 
a tumor suppressor role in Acts in Non-small Cell 
Lung Cancer [17]. Similarly, past works demon-
strated that the proliferation and metastasis of lung 
adenocarcinoma cells could be suppressed by miR- 
320a [27]. Another related study indicated that that 
miR-320a exhibits anti-proliferative and apoptotic 
effects on multiple myeloma cells via regulating 
pre-B-cell leukemia transcription factor 3 [28]. 
However, in this report, miR-320a expression was 
increased in cSCC and it was suppressed following 
treatment with crocin, depicting that crocin may 
regulate the proliferation of SCC cells epigenetically.

Additionally, the current work shows that cro-
cin induced autophagic apoptosis in SCC cells. 
Similar observations have been made in hepatocel-
lular carcinoma treatment using crocin [15]. This 
work specifically identified that crocin could 
induce cell apoptosis in SCC through miR-320/ 
ATG2B axis. Through dual luciferase reporter 
assay, it was shown that miR-320a could target 
ATG2B in a direct manner, which has not been 
reported before. MiR-320a has been demonstrated 
to regulate autophagy in Parkinson’s disease and 
cervical cancer [29] . The link between apoptosis, 

ATG2B, and autophagy has been widely studied. 
ATG2B and DICER1 targeting has been shown to 
impair the autophagy in chronic lymphocytic leu-
kemia cells and trigger their apoptosis [30]. 
Similarly, in osteoarthritis, targeting ATG2B can 
induce cell apoptosis [31]. Consequently, from the 
study observations, targeting ATG2B in SCC could 
lead to its apoptosis.

Conclusion

MiR-320a is upregulated and ATG2B is down- 
regulated in human cutaneous squamous cell carci-
noma, Crocin suppresses the proliferation and 
induces apoptosis of cSCC cells. Further, Crocin 
increases autophagy in cSCC cells, while MiR-320a 
hinders autophagy and the apoptotic effects of crocin 
on cSCC cells. MiR-320a binds ATG2B directly, and 
ATG2B expression is upregulated by crocin. Finally, 
Crocin triggers cSCC cells apoptosis in vivo. The use 
of crocin to target ATG2B/miR-320a could be 
a novel and effective alternative for the treatment 
of cutaneous squamous cell carcinoma.

Research highlights

MiR-320a is upregulated and ATG2B is down-regulated in 
human cutaneous squamous cell carcinoma.

Crocin suppresses the proliferation, and induces apoptosis 
and autophagy of cSCC cells.

Crocin regulates the expression of ATG2B, which is 
a direct target of miR-320a.

Crocin triggers cSCC cells apoptosis in vivo.
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