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Background: Oral squamous cell carcinoma (OSCC) is a common malignant tumor of the head

and neck, and it accounts for more than 90% of oral cancer. Due to high mortality, limitations of

traditional treatment and many complications, new treatment methods are urgently needed. This

study aimed to look into the effect of new potential anti-tumor drug, genipin, on OSCC treatment.

Methods: In vitro, CCK-8, colony formation, and flow cytometry were used to detect the

effect of genipin on SCC-9 and SCC-15 cell lines. Immunofluorescence, real-time PCR, and

Western blotting were used to investigate its mechanism. Xenograft tumor model was used to

explore the role of genipin in vivo.

Results: We found that genipin suppressed cell growth and induced apoptosis in vitro.

In addition, the expression of p62 was down-regulated while Beclin1 and LC3II were

up-regulated in SCC-25 and SCC-9 cells. 3-methyladenine (3-MA) significantly

decreased LC3 (LC3II)+ puncta, but genipin rescuect 3d this reduction. Furthermore,

genipin also reduced the expression of p-PI3K, p-AKT, and p-mTOR. In vivo experi-

ment showed that genipin significantly curbed the tumor size and weight. The positive

expression of Ki67 protein and number of apoptotic cells were increased.

Conclusion: Conclusively, this study implicated that genipin suppresses cell proliferation

and stimulated apoptosis, and is the first exploration showing that genipin induces OSCC cell

autophagy via PI3K/AKT/mTOR pathway inhibition.
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Introduction
Oral cancer is an increasing threat worldwide, with around 640,000 new cases being

detected annually globally.1,2 In addition, there are 145,000 deaths per year in oral

cancer,3 and five-year survival rates of patients with advanced oral cancer are

30–40%.4 Owing to the lack of early symptoms and appropriate screening for

precancerous lesions, most oral cancer cases are not detected until later stages.

The incidence of oral cancer is mainly associated with the consumption of areca

nut, tobacco, and alcohol.5 Notably, oral squamous cell carcinomas (OSCC)

account for more than 90% of oral cancer and is more likely to occur in men, the

risk increases with age.6 Tongue is the most common site of OSCC, which has little

effect on other parts of the mouth. So far, the mechanism of oral squamous cell

carcinoma has not been fully elucidated, which seriously restricts the prognosis and

treatment strategy.
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Genipin, an aglycone of geniposide, is a major compo-

nent of the fruit of Gardenia jasminoides,7 and it is an

iridoid glycoside hydrolyzed from intestinal microbiota.8

Genipin has been used in the pharmacological treatment

of cardiovascular disorders, such as xenograft scaffolds of

heart valves.9 Moreover, Genipin is also considered to be

a therapeutic drug for liver fibrosis.10 Previous studies show

that Genipin has a wide range of anticancer activities in

different types of human cancer. Parallelly, several reports

have suggested that Genipin can inhibit cell invasion and

migration,11 and induce apoptosis12 of colon cancer cells.13

However, the protective effect of Genipin on oral carcinoma

is still ambiguous.

PI3K/AKT/mTOR signaling pathway plays hub

roles in cell proliferation, angiogenesis, transcription, and

translation.14,15 Substantially, PI3K is a phosphoinositide

kinase that catalyzes PIP2 phosphorylation when activated

by G protein conjugated and tyrosine kinase receptors.16

Consequently, phosphorylated PIP2 then further phosphor-

ylate AKT and stimulate downstream mTOR, eventually

activating protein translation and promote cell growth

or proliferation.17 Besides, abnormal PI3K/AKT/mTOR

pathway causes many human cancers, including human

oral cancer.18 Therefore, PI3K/AKT/mTOR pathway

maybe is a crucial target against cancer.

In this study, we explored the effect of Genipin on

OSCC and tried to provide theoretical basis for drug

treatment of cancer.

Materials and Methods
Cell Culture and Genipin Treatment
Normal human oral epithelial cells NHOK and human

tongue squamous cancer cells SCC-25 and SCC-9 were

obtained from Procell Life Science&Technology Co., Ltd

(Wuhan, China), and were cultured in DMEM (Thermo

Fisher Scientific, Waltham, USA) medium and supplemen-

ted with 10% fetal bovine serum (FBS, Gibco, Shanghai,

China), penicillin (100 U/mL), and streptomycin (100 μg/
mL) at 37°C with 5% CO2. Then, cells were treated with

Genipin (King Tiger, Chengdu, China), which was dis-

solved in 0.1% dimethyl sulfoxide (DMSO, Sigma-

Aldrich, Shanghai, China). Cells treated with DMSO

alone were set as control.

Cell Viability Assay
NHOK, SCC-25, and SCC-9 cells suspension were seeded

in 96-well plate (100 μL/well), respectively. Then, the

plates were placed in the incubator (37°C, 5% CO2) for

pre-culture. Next, 10 μL of CCK-8 solution (Beyotime,

Shanghai, China) was added into each well according to

the manufacturer’s instructions, and incubated for 48 hrs

with different concentrations of Genipin (0 to 400 μM).

The absorbance at 450 nm was detected by a microplate

reader (Bio-Rad, Hercules, CA, USA) and the changes of

cell viability were estimated.

Clone Formation Assay
Firstly, about 3 × 102 SCC-25 and SCC-9 cells were

treated by Genipin with three different concentrations

(10, 30, 60 μM) for 72 hrs, respectively. Next, cells were

seeded into 35 mm dishes and cultured for 14 days. After

that, two types of cells were rinsed with PBS and fixed in

4% paraformaldehyde (Sigma, USA) for 15 mins at room

temperature, respectively. Then, they were incubated with

Wright-Giemsa dye for 5 mins with Wright-Giemsa stain

(NJJCBIO, Nanjing, China) for 5 mins. Finally, the images

of clone formation were captured and number of cell

clones were calculated.

Flow Cytometry
Briefly, SCC-25 and SCC-9 cells were fixed for 24 hrs,

respectively. Next, the fixed cells were stained with an

Annexin V-FITC Apoptosis Detection Kit (Beyotime,

Shanghai, China) according to the manufacturer’s instruc-

tions. After gently mixing, cells were incubated at room

temperature for 20 mins in dark. Finally, red fluorescence

was detected by flow cytometry (Thermo Fisher Scientific,

Waltham, USA) at 488nm wavelength.

Real-Time PCR
Total RNA of SCC-25 and SCC-9 cells was isolated using

TRIzol reagent (Invitrogen, Waltham, USA) and cDNA was

synthesized by a PrimeScript RT Reagent kit (TaKaRa,

Kusatsu, Japan), according to manufacturer’s instructions.

Next, Real-time PCR was performed using a SYBR Green

Master mix (TaKaRa, Kusatsu, Japan), including 1 μL primers

(10 μmol/L) and 1μL cDNA (100 ng/μL). β-actin was used as
endogenous control and relative mRNA levels normalized by

β-actin were calculated employing 2−ΔΔCt mean. The primers

sequences are listed below: Ki67-F: 5ʹ-GCAGGACTTCAC

TTGCTTCC-3, Ki67-R: 5ʹ-TCATTTGCGTTTGTTTCACG

-3ʹ; Survivin-F: 5ʹ-GACCACCGGATCTACACCTT-3ʹ, Survi

vin-R: 5ʹ-TCTTCCACCTGCTTCTTGACT-3ʹ; β-actin-F: 5ʹ-
CTGTCTGGCGGCACCACCAT-3ʹ, β-actin-R: 5ʹ-GCAACT
AAGTCATAGTCCGC −3ʹ.
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Western Blotting
Total protein was extracted from SCC-25 and SCC-9 cells

using Radioimmunoprecipitation (RIPA) Assay Buffer

(Thermo Fisher Scientific, Waltham, USA). And the protein

lysates were separated on SDS-PAGE gel and blotted onto

polyvinylidene difluoride (PVDF, Millipore, Boston, USA)

membranes. Next, the primary antibody was incubated after

blocking in 5% non-fat milk. All antibodies were obtained

from the Abcam (Cambridge, UK) and shown below: Ki67

(ab16667, 1:1000), survivin (ab76424, 1:1000), cleaved

PARP1 (ab32561, 1:1000), cleaved caspase-3 (ab2302,

1:1000), P62 (ab109012, 1:1000), Beclin1 (ab207612, 1:

1000), LC3I (ab192890, 1:1000), LC3II (ab52628, 1:1000),

PI3K (ab70912, 1:1000), p-PI3K (ab18265, 1:1000), AKT

(ab179463, 1:1000), p-AKT (ab38449, 1:1000), mTOR (ab2

732, 1:1000), p-mTOR (ab109268, 1:1000), and β-actin
(ab179467, 1:1000). Finally, the strips were exposed with

ECL reagent (Sangon Biotech, Shanghai, China) following

by incubating with a horseradish peroxidase-conjugated sec-

ondary antibody.

Immunofluorescence Staining
SCC-25 and SCC-9 cells were grown on glass coverslip and

cultured with or without Genipin (10, 30, and 60 μM),

respectively. After washing twice in PBS, the cells were

fixed with 4% paraformaldehyde for 20 mins. Then, cells

were permeabilized for 10 mins in PBS containing 0.1%

Triton X-100 (Sigma-Aldrich, Shanghai, China). Next, they

were blocked in 4% goat serum blocking solution for 30

mins at room temperature. Afterwards, the cells were incu-

bated with LC3 antibody at 4°C overnight. On the

following day, the fluorescein-labeled secondary antibody

were added and incubated in darkness at 37°C for 60 mins.

Finally, the images were observed and photographed under

a fluorescence microscope (Carl Zeiss, Jena, Germany).

Animal Experiments
Male BALB/c nude mice (4–6 weeks old, 20 ± 2 g) were

obtained from the Animal Center of the Wuhan University

Zhongnan Hospital (Wuhan, China). Mice were housed

6 per cage at 25°C and 80% humidity in a 12 hrs light/

dark cycle for free access to food and water. OSCC xeno-

graft model was established in mice by subcutaneous injec-

tion of SCC-25. When the tumor volume reached 100 mm3,

30 mg/kg19 Genipin was injected intraperitoneal for a week.

Meanwhile, the control (n=6) was injected with 0.9% NaCl.

At 30 days, the tumors were weighed and volume were

measured. All animal experiments and operations were

implemented in accordance with the guidelines of the

National Institute of Laboratory Animal Care and Use (8th

edition, National Academy of Sciences Press, 2011), and

approved by the ethics committee of Wuhan University

Zhongnan Hospital.

Histopathological Analysis
Histopathological assays were performed using fresh mice

tissue. In brief, after the mice were sacrificed, tumor and

normal tissues were fixed in formalin and paraffin embedded.

The paraffin sections were sliced to 4 μm thick. According to

the manufacturer’s instructions, the positive expression of

Ki67 was detected using a DAB Substrate kit (ZSGB-BIO

Co., Ltd., beijing, China) and the number of apoptosis was

detected by a One-Step TUNEL Apoptosis Assay Kit

(Beyotime, Shanghai, China). Antibodies were obtained

from the Abcam (Cambridge, UK).

Statistical Analysis
Data are presented as the mean ± standard deviation (SD),

and IBM SPSS Statistics 25.0 was used for statistical

analysis (IBM, Armonk, USA). One-way ANOVA analy-

sis of variance was conducted to analyze the significance

of differences. Multiple comparisons using one-way ana-

lysis of variance and Newman–Keuls test. P<0.05 was

considered to indicate a statistically significant difference.

Results
Genipin Inhibited Viability of Oral

Carcinoma Cells
Base on the toxic effect of Genipin in colon cancer,19 CCK8

assay were conducted to measure the cell activity using

a concentration gradient of Genipin (0 to 400 μM). As

shown in Figure 1B, we found that Genipin inhibited SCC-

25 and SCC-9 cells in a concentration-dependent manner, but

when the concentration was below 100 μM, there was no

significant effect on normal oral epithelial cells (NHOK). In

addition, when the concentration were ≥60 μM, Genipin

obviously suppressed the viability of SCC-25 and SCC-9

cells. Given this, we selected three concentrations of 10,

30, and 60 μM for subsequent in vitro experiment.

Genipin Suppressd OSCC Cell Growth
According to the clone formation experiment, Genipin con-

centration-dependent inhibited the growth of OSCC cells

(Figure 2A). When Genipin exceeded 30 μM, the cell colony
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formation rate was significantly reduced compared with the

control group. In addition, we also detected the expression of

ki67 (proliferation maker) and Survivin (apoptosis maker)

by qPCR and Western blotting, respectively. As shown in

Figure 2B, the mRNA and protein levels of Ki67 and

Survivin were decreased by the treatment of Genipin in

SCC-25. Parallelly, the result in SCC-9 cells was similar to

SCC-25 (Figure 2B). Hence, the above data suggested that

Genipin suppressed OSCC cell proliferation.

Genipin Induced OSCC Cell Apoptosis
In order to further explored the effect of Genipin on cell

proliferation, we detected cell apoptosis using flow cyto-

metry. We found that the apoptosis rate of SCC-25 and

SCC-9 cells significantly increased after Genipin treatment

(10, 30, and 60 μM), compared with control (Figure 3A

and B). Moreover, the marked protein (caspase-3 and

PARP) of apoptosis were detected by Western blotting,

and the data showed that the protein levels of cleaved-

caspase-3 and cleaved-PARP were obviously elevated

after Genipin treatment (Figure 3C and D). These results

confirmed that Genipin promoted cell apoptosis in OSCC.

Genipin Promoted OSCC Cell Autophagy
In order to study the effect of Genipin on autophagy, we

detected the related proteins expression of autophagy in

SCC-25 and SCC-9 cells throughWestern blotting. The results

showed that Genipin significantly down-regulated the expres-

sion of p62 and upregulate the expression of Beclin 1 and

LC3II/LC3I in a concentration-dependent manner (Figure 4A

and B). In addition, immunofluorescence assay showed that

intracellular LC3 (LC3II)+ puncta increased significantly after

Genipin treatment (Figure 4C). Besides, autophagy process

was further confirmed by autophagy inhibitor 3-methylade-

nine (3-MA, 5 mM), we found that 3-MA significantly inhib-

ited LC3+ puncta, and Genipin weakened this trend after

combined treatment with Genipin and 3-MA (Figure 4D).

PI3K/AKT/mTOR Pathway Was Involved

in the Anticancer Effect of Genipin on

OSCC Cell
Since the abnormal regulation of PI3K/AKT/mTOR signal-

ing pathway is very common in human cancer, we have

explored whether the Genipin regulated this pathway in

human OSCC. As shown in Figure 5A and C, the phosphor-

ylation levels of PI3K, AKT, and mTOR were down-

regulation after treated with Genipin. Then, we added PI3K

activator 740Y-P (20 μM). As shown in Figure 5B and D,

740Y-P increased the expression of p-PI3K, p-AKT, and

p-mTOR, as well as the protein levels of cleaved-caspase-3

and LC3II. But, after co-treatment with Genipin and 740Y-P,

Genipin weakened the activation of the pathway by 740Y-P.

Genipin Alleviated OSCC Tumor in vivo
Combined with the results of in vitro experiments, we estab-

lished a SCC-25 xenograft tumor model. The data showed

that compared with the control group, the tumor weight and

the tumor volume in the treatment group were significantly

reduced (Figure 6A–C). Immunohistochemistry assay

showed that the expression of Ki67 was down-regulation

(Figure 6D), and TUNEL assay manifested that the number

of apoptosis was increased in tumor tissue (Figure 6D). In

Figure 1 Effect of Genipin on the viability of human oral cells. (A) The chemical structure of Genipin and its molecular weight (MW). (B) CCK8 assay were conducted to

measure cell viability of normal human oral epithelial cells NHOK, human tongue squamous cancer cells SCC-25 and SCC-9 with different concentration of Genipin (0 to

400 μM). *p<0.05 compared with 0. Data are presented as mean ± SD, and all the experimental in triplicate.
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addition, we also found that the protein levels of cleaved-

caspase-3 and LC3II were increased in the Genipin treatment

group, compared to the control (Figure 6E).

Discussion
At present, OSCC remains a major threat to increased morbid-

ity and poor 5-year survival.2 Although OSCC has advantages

of timely treatment due to relatively easier access for early

diagnosis, it is also an aggressive disease with local recurrence

and cervical lymph node metastasis.2 The basic method of

therapy includes surgical resection leaving a margin of healthy

tissue, and neck dissection during node metastases.20,21

However, conventional therapy often leads to impaired oral

functions.22 Moreover, radiotherapy often leads to several of

complications such as xerostomia, radiation caries, taste dis-

orders, andmucositis.23–25 This study provided insight into the

Figure 2 Effect of Genipin on cell growth in OSCC. SCC-25 and SCC-9 cells were treated with three concentrations of Genipin (10, 30, and 60 μM). (A) SCC-25 and SCC-

9 cells proliferation ability were measured by clone formation assay. (B) The mRNA and protein levels of Ki67 and Survivin in SCC-25 were detected by qPCR and Western

blotting, respectively. (C) The mRNA and protein levels of Ki67 and Survivin in SCC-9 were detected by qPCR and Western blotting, respectively. *p<0.05, **p<0.01

compared with the control group. Data are presented as mean ± SD, and all the experimental in triplicate.
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protective function of Genipin for OSCC, our findings showed

that Genipin inhibited the growth of OSCC cells, induced

apoptosis, and improved the autophagy level, which provided

a new strategy for the oral cancer treatment.

Genipin is derived from geniposide and is the major

component of Gardenia jasminoides Ellis fruit. Li et al26

implicated that Genipin inhibited the cell growth in human

bladder cancer. Jiang et al27 claimed that Genipin induced

Figure 3 Effect of Genipin on cell apoptosis in OSCC. SCC-25 and SCC-9 cells were treated with three concentrations of Genipin (10, 30, and 60 μM). (A and B) SCC-25
and SCC-9 cells apoptosis were measured by flow cytometry. (C) The protein levels of cleaved-caspase-3 and Cleaved-PARP in SCC-25 were detected Western blotting. (D)

The protein levels of cleaved- caspase-3 and Cleaved-PARP in SCC-9 were detected Western blotting. *p<0.05, **p<0.01 compared with the control group. Data are

presented as mean ± SD, and all the experimental in triplicate.
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HO-1 expression/activity and subsequently decreased vas-

cular smooth muscle cell (VSMC) proliferation and migra-

tion. In our study, we found that Genipin inhibited the clone

formation of SCC-25 and SCC-9 cells, and the expression

of Ki67 and Survivin were down-regulation. Our animal

experiments further confirmed the inhibitory effect of

Figure 4 Effect of Genipin on cell autophagy in OSCC. SCC-25 and SCC-9 cells were treated with three concentrations of Genipin (10, 30, and 60 μM). (A) The autophagy

relevant protein (P62, Beclin1, LC3II/LC3I) levels in SCC-25 were detected by Western blotting. (B) The autophagy relevant protein (P62, Beclin1, LC3II/LC3I) levels in

SCC-9 were detected by Western blotting. (C) LC3 (LC3II)+ puncta in SCC-25 and SCC-9 cells were measured by immunofluorescence assay, respectively. (D) After added

the autophagy inhibitor 3-MA, LC3 (LC3II)+ puncta in SCC-25 and SCC-9 cells were measured by immunofluorescence assay, respectively. *p<0.05, **p<0.01. Data are

presented as mean ± SD, and all the experimental in triplicate.
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Genipin on tumor growth, the data showed that Genipin

(30 mg/kg) treatment straightly reduced the size and weight

of xenograft tumors, accompanied by a decrease in the

expression of Ki67. Besides, the previous study demon-

strated that Genipin treatment in human gastric cancer cell

line induced apoptosis in a dose-dependent manner via p53-

independent Egr1/p21 signaling pathway.28 In addition, the

evidence also suggested that Genipin existed the anti-tumor

activity of inducing apoptosis and inhibiting invasion in

breast cancer.29 Exhilaratingly, in this study, the results

showed that Genipin promoted the apoptosis of SCC-25

and SCC-9 cells in vitro and significantly raised the protein

level of cleaved-caspase-3 and Cleaved-PARP. Similarly,

we also found that Genipin promoted the expression of

cleaved-caspase-3 in xenograft mouse model. Therefore,

in combination with previous studies, we notarized that

Genipin induced apoptosis in OSCC.

In cell biology, autophagy is a catabolic process of its

own components by a lysosomal machine.30 Autophagy

acts a key role in cell survival, which is a key pathway for

homeostasis, development, and other pathophysiological

processes.31 Moreover, autophagy showed an increase in

the expression of autophagy-related proteins such as LC3-

II, Beclin-1, and ATG5, with a decrease in the expression

of p62.32 Kinarivala et al33 reported that the activated

Beclin-1 could induce autophagy. In this study, we inves-

tigated the effect of Genipin on autophagy in OSCC for

the first time. In vitro, we found that Genipin treatment up-

regulated the protein levels of Beclin1 and LC3II, while

down-regulated the protein level of P62. After co-

incubation with autophagy inhibitor 3-MA, the autophagy

process was alleviated, compared with Genipin alone.

Ulteriorly, animal experiments confirmed that Genipin

induced an increase in the expression of LC3II protein.

So, combined with the previous study, we suggested that

Genipin induced autophagy in OSCC.

PI3K/AKT/mTOR signaling pathway has been widely

known to be involved in the progression and tumorigenesis

of many types of cancers34 including Oral Squamous cancer.35

There is sufficient evidence that PI3K/Akt/mTOR axis played

an important role in the occurrence of oral cancer.36 For

instance, Rizzo et al37 found that PI3K mutation was asso-

ciated with the occurrence of oral squamous cell carcinoma.

Prodromidis et al38 found that the up-regulation of Akt and

Figure 5 Regulating effect of Genipin on PI3K/AKT/mTOR pathway inOSCC. SCC-25 and SCC-9 cells were treatedwith three concentrations of Genipin (10, 30, and 60 μM). (A)

The expression of PI3K, p-PI3K, AKT, p-AKT, mTOR, and p-mTOR in SCC-25 were measured by Western blotting. (B) After added the PI3K activator 740Y-P, the expression of

PI3K, p-PI3K, AKT, p-AKT, mTOR, p-mTOR, cleaved-caspase-3, and LC3II in SCC-25weremeasured byWestern blotting. (C) The expression of PI3K, p-PI3K, AKT, p-AKT, mTOR,

and p-mTOR in SCC-9 were measured by Western blotting. (D) After added the PI3K activator 740Y-P, the expression of PI3K, p-PI3K, AKT, p-AKT, mTOR, p-mTOR, cleaved-

caspase-3, and LC3II in SCC-25 were measured by Western blotting. *p<0.05, **p<0.01. Data are presented as mean ± SD, and all the experimental in triplicate.
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mTOR expression in OSCC was more common than in oral

lichen planus (OLP), which was thought to be the result of

PI3K activation. Here, we found that Genipin inhibited the

phosphorylation of PI3K,AKT, andmTOR in a concentration-

dependent manner, indicating that the PI3K/Akt/mTOR sig-

naling pathway was inactivated. In order to further verify the

regulatory effect of Genipin in PI3K/Akt/mTOR, we added

PI3K activator 740Y-P. As we predicted, 740Y-P increased the

expression of p-PI3K, p-AKT, and p-mTOR, as well as the

protein levels of cleaved-caspase-3 and LC3II. However, after

co-treatment with Genipin and 740Y-P, Genipin weakened the

activation of the pathway by 740Y-P. Therefore, it is believed

that Genipin inhibits OSCC cells growth and improves the

autophagy through suppressing PI3K/Akt/mTOR signaling

pathway, and PI3K/Akt/mTOR pathway is an attractive target

for the treatment of OSCC.39

Conclusively, this study showed that Genipin inhibited the

cells' viability, induced apoptosis, and promoted autophagy in

OSCC, and its mechanismmight be related to the inhibition of

PI3K/Akt/mTOR signaling pathway. It provided a new candi-

date for OSCC drug treatment. Although we found that OSCC

inhibited tumor growth in animal models, its protective

mechanism in vivo needed further study.
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