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Abstract 

 

Anti-cancer effects of genipin in 

human oral squamous cell carcinoma 

by inhibiting STAT3 signaling 

 

 

Dong-Guk Park 

Program in Oral Pathology 

Department of Dental science 

The Graduate School 

Seoul National University 

Supervised by Professor Sung-Dae Cho, D.V.M., Ph.D. 

 

Background: Genipin, which is a natural compound derived from the 

fruit of Gardenia jasminoides Ellis, was reported to have activity 

against various cancer types. In this study, I determined the 

underlying mechanism for genipin-induced apoptotic cell death in 

human oral squamous cell carcinoma (OSCC). 

 



 

 2 

Methods: The growth inhibitory effects of genipin in human OSCC 

cells was examined by the Cell Counting Kit-8, soft agar, and cell 

line-derived xenograft assays. The effects of genipin on apoptotic 

cell death were assessed by nuclear morphological changes by 

DAPI staining, measurement of the sub-G1 population, and annexin 

V-FITC/PI double staining. The underlying mechanism of genipin 

activity was analyzed by western blotting, subcellular fractionation 

of the nucleus and cytoplasm, immunocytochemistry, and 

quantitative real-time PCR. 

 

Results: Genipin inhibited the growth of human OSCC cells both in 

vitro and in vivo. Genipin also induced apoptotic cell death in human 

OSCC cells, which was mediated through a caspase-dependent 

pathway. Genipin reduced phosphorylation of signal transduction 

and activator of transcription 3 (STAT3) at Tyr705 as well as its 

nuclear localization. Furthermore, the inhibition of p-STAT3Tyr705 

levels following genipin treatment was required for the reduction of 

survivin and myeloid cell leukemia-1 (Mcl-1) expression, which 

resulted in apoptotic cell death. The genipin-mediated reduction in 
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survivin and Mcl-1 expression was caused by transcriptional 

and/or post-translational regulatory mechanisms, which occurred in 

a cell context-dependent manner. 

 

Conclusions: The results provide insight into the regulatory 

mechanism by which genipin induces apoptotic cell death through 

the abrogation of STAT3 phosphorylation within the nucleus and 

suggest that genipin represents a potential therapeutic option for 

the treatment of human OSCC. 

 

Keywords: Genipin; Signal transduction and activator of 

transcription 3; Oral squamous cell carcinoma; Apoptotic cell death; 

Myeloid cell leukemia-1; Survivin 

Student Number: 2021-25862 
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1. Introduction 

 

Genipin is a natural compound derived from geniposide, which is 

isolated from the fruit of Gardenia jasminoides Ellis (Shanmugam et 

al. 2018). In traditional oriental medicine, it has been used for the 

treatment of liver disease. Previous studies have shown that genipin 

exhibits anti-tumor activity against a variety of cancers, including 

liver, prostate, and lung cancers, both in vitro and in vivo (Fan et al. 

2020; Yao et al. 2015; Du et al. 2013). It is effective at inducing 

autophagic or apoptotic cell death by inhibiting the 

PI3K/AKT/mTOR axis (Wei et al. 2020); however, the effect of 

genipin and its regulatory mechanism for inducing apoptotic cell 

death in human OSCC cells are unclear. 

Regulated cell death (RCD) is central to controlling tissue 

development, homeostasis, and cell fate within living organisms 

(Tang et al. 2019). Of the various forms of RCD, apoptotic cell 

death is known to be provoked by mechanisms called the intrinsic 

or extrinsic pathways, which are mediated by mitochondria and 

death receptors, respectively (Tower 2015; D'Arcy 2019). In most 
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cancers, apoptotic cell death is triggered by an imbalance between 

pro- and anti-apoptotic proteins (Mohammad et al. 2015). Thus, it 

is not surprising that one well-documented hallmark of cancer is 

the ability to escape apoptotic cell death, leading to carcinogenesis 

and cancer development (Hanahan and Weinberg 2011; Fulda 2009). 

Therefore, the induction of apoptotic cell death has long been 

proposed as a promising strategy for the treatment of various 

cancers (Carneiro and El-Deiry 2020) including OSCC. 

Signal transducer and activator of transcription 3 (STAT3) is a 

transcription factor that is phosphorylated in response to 

stimulation by receptor or non-receptor tyrosine kinases (Mohan 

et al. 2022). During these events, STAT3 forms homodimers 

primarily through an interaction of its reciprocal Src homology 2 

(SH2) domains, which subsequently translocate to the nucleus 

where they bind to consensus DNA sequences corresponding to the 

promotor regions of STAT3 target genes (Yang et al. 2020). 

Importantly, constitutive STAT3 activity contributes to oncogenesis 

by influencing anti-apoptotic and pro-inflammatory effects as well 

as cell transformation (Bowman et al. 2000; Lee et al. 2019; 
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Grandis et al. 2000; Y. Li et al. 2007; Bromberg et al. 1999). In 

particular, aberrant hyperactivation of STAT3 has been documented 

in multiple cancers, such as head and neck squamous cell carcinoma 

(HNSCC), which often correlates with an unfavorable prognosis (D. 

E. Johnson et al. 2020; Daniel E. Johnson, O'Keefe, and Grandis 

2018). Therefore, targeting phosphorylated STAT3 may represent 

an effective strategy for treating cancer. 

In this study, I identified a regulatory mechanism associated with 

apoptotic cell death in human OSCC cells following genipin 

treatment, suggesting that genipin may be an attractive therapeutic 

agent for treating human OSCC.
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2. Material & Methods 

 

2.1. Cell culture and pharmacological chemicals 

HN22 and HSC-4 cell lines were kindly provided by Dankook 

University (Cheonan, Republic of Korea) and Hokkaido University 

(Hokkaido, Japan), respectively. Cells were cultured in DMEM/F-

12 medium (WELGENE, Gyeongsan, Republic of Korea) containing 

10% fetal bovine serum (FBS) and 1% penicillin/streptomycin (P/S) 

in a humidified atmosphere at 37°C with 5% CO2. The experiments 

were initiated when the cells reached 45–55% confluence. Genipin 

was purchased from Sigma-Aldrich (#G4796, St. Louis, MO, USA), 

dissolved in dimethyl sulfoxide (DMSO), and stored at −20℃. The 

final concentration of DMSO did not exceed 0.1%. Z-VAD-FMK, a 

pan-caspase inhibitor, was purchased from R&D Systems 

(Minneapolis, MN, USA). The protein synthesis inhibitor, 

cycloheximide (CHX), was purchased from Sigma-Aldrich (St. 

Louis, MO, USA) and the proteasome inhibitor, MG132, was 

obtained from Santa Cruz Biotechnology (Santa Cruz, CA, USA). 
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2.2. Cell Counting Kit-8 (CCK-8) assay 

Cell viability was measured by the CCK-8 assay (Dojindo 

Laboratories, Kumamoto, Japan) according to the manufacturer’s 

protocol. Briefly, cells were seeded into 96-well plates overnight 

and treated with the indicated concentrations of genipin for 24 h. 

Next, CCK-8 solution (10 μL) was added to each well and 

incubated at 37°C with 5% CO2 for 2 h. The absorbance at 450 nm 

was measured using a microplate reader (Hidex, Turku, Finland). 

 

2.3. Soft agar colony formation assay  

Six-well plates were filled with 3 mL of 1.25% agar mix, treated 

with the indicated concentrations of genipin, and allowed to solidify 

at room temperature (RT) for 1–2 h. Cells were prepared by 

suspending in 10% BME and mixing with agar. Thereafter, 1 mL of 

cells mixed with genipin was directly added to the solidified bottom 

agar in 6-well plates, allowed to solidify for 1–2 h at RT, and 

incubated in a humidified 37°C incubator containing 5% CO2 for 14 

days. Genipin was added to the top or bottom agar and 20 ng/mL 

Human EGF Recombinant Protein (Thermo Fisher Scientific, 
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Waltham, MA, USA) was either added to or not added to HN22 or 

HSC-4, respectively. The colonies were imaged using a CKX53 

microscope (Olympus, Tokyo, Japan) and counted with ImageJ 

software (National Institute of Health, Bethesda, MD, USA).  

 

2.4. Cell line-derived xenograft (CDX) mouse model  

HN22 cells suspended in VitroGel®  STEM (TheWell Bioscience, 

North Brunswick Township, NJ, USA) were subcutaneously 

injected into the flanks of 4-week-old male Balb/c nude mice 

(NARA-Biotech, Pyeongtaek, Republic of Korea). Approximately 9 

days after inoculation, the mice were randomly divided into two 

subgroups (n = 4 for each group): (ⅰ) vehicle control group and 

(ⅱ) genipin (30 mg/kg/day, intraperitoneal injection 5 times per 

week for 4 weeks, #G4796, Sigma-Aldrich, St. Louis, MO, USA) 

treatment group. Tumor volume and body weight were measured 

twice per week and the mice were sacrificed on day 28 after 

treatment to measure tumor weight. Tumor volumes were measured 

along the two diameter axes with calipers and were calculated 

according to the following formula: V = π/6 × {(D + d)/2}3, 
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where D and d represent the larger and smaller diameters, 

respectively. All animal procedures were performed by the 

Institutional Animal Care and Use Committee (IACUC) guidelines 

approved by CHA University (IACUC approval number: 

IACUC220062). The standard animal care and laboratory guidelines 

were followed using the IACUC protocol. 

 

2.5. Evaluation of nuclear morphological changes  

DAPI solution (Sigma-Aldrich, St. Louis, MO, USA) was used to 

determine changes in nuclear condensation and fragmentation within 

apoptotic cells. Briefly, cells were treated with various 

concentrations of genipin. The cells were harvested, including 

detached cells, and fixed with 70% ethanol at −20°C overnight. 

The cells were resuspended in 100% methanol at RT for 10 min, 

deposited onto glass slides, and stained with 2 μg/mL DAPI 

solution in the dark. The stained cells were visualized by 

fluorescence microscopy (Leica DMi8; Leica Microsystems GmbH, 

Wetzlar, Hesse, Germany). 
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2.6. Measurement of sub-G1 population 

Cells were fixed with 70% ethanol overnight at −20°C. After 

removing the supernatant, the cells were stained with propidium 

iodide (PI) solution, including 20 μg/mL of RNase A, for 15 min at 

37°C. The cell cycle distribution was determined using a 

FACSCalibur flow cytometer (BD Biosciences, San Jose, CA, USA) 

and the proportion of stained DNA content was visualized using BD 

CellQuest™ Pro software. The relative DNA distribution was 

analyzed using FlowJo software (FlowJo LLC, Ashland, OR, USA). 

 

2.7. Annexin V-FITC/PI double staining 

Cells undergoing an early or late stage of apoptotic cell death were 

measured using the FITC-Annexin V Apoptosis Detection Kit (BD 

Biosciences, San Jose, CA, USA) according to the manufacturer’s 

protocol. Briefly, harvested cells were resuspended in 400 μL of 

Annexin V binding buffer, containing 5 μL of FITC-conjugated 

Annexin V and 1 μL of propidium iodide solution, at RT in the dark. 

The stained cells were analyzed using LSRFortessa X-20 (BD 
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Biosciences, San Jose, CA, USA) and the cell population within each 

compartment was calculated using FlowJo software.  

 

2.8. Western blot analysis 

Cells were lysed with RIPA lysis buffer (Millipore, Burlington, MA, 

USA) supplemented with protease inhibitors (Roche, Mannheim, 

Germany) and phosphatase inhibitors (Thermo Fisher Scientific, 

Rockford, IL, USA). Total protein concentrations were determined 

using the DC Protein Assay Kit (Bio-Rad Laboratories, Madison, 

WI, USA) followed by separation on sodium dodecyl sulfate-

polyacrylamide gel electrophoresis (SDS-PAGE) gels and transfer 

to polyvinylidene difluoride (PVDF) membranes. After blocking with 

5% skim milk (#232100, BD Difco™, San Jose, CA, USA) for 2 h at 

RT, the membranes were incubated with the indicated primary 

antibodies overnight at 4°C, followed by the corresponding 

horseradish peroxidase (HRP)-conjugated secondary antibodies 

(1:2000, catalog #: GTX213110-01 or GTX213111-01, GeneTex, 

Irvine, CA, USA) for 2 h at RT. The immunoreactive signals were 

visualized using WestGlowTM PICO PLUS Chemiluminescent 
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Substrate (BIOMAX, Seoul, Republic of Korea) on X-ray film or 

with the Image Quant LAS 500 system (GE Healthcare Life 

Sciences, Piscataway, NJ, USA). Densitometric analyses were 

carried out using ImageJ software. The primary antibodies used 

were as follows: STAT3 (1:1000, #4904), p-STAT3Tyr705 (1:2000, 

#9145), p-STAT3Ser727 (1:2000, #9134), cleaved PARP (1:2000, 

#9541), cleaved caspase 3 (1:1000, #9664), survivin (1:1000, 

#2802), Mcl-1 (1:1500, #5453), and Bcl-XL (1:5000, #2764) 

were purchased from Cell Signaling Technology (Charlottesville, 

VA, USA). Bcl-2 (1:1000, #sc-7382), β-actin (1:3000, #sc-

47778), and α-tubulin (1:5000, #sc-5286) were obtained from 

Santa Cruz Biotechnology (Dallas, TX, USA). Histone H3 (1:5000) 

was kindly provided by Kangwon National University (Chuncheon, 

Republic of Korea). 

 

2.9. Subcellular fractionation of the nucleus and cytoplasm 

Nuclear and cytoplasmic proteins were extracted using the NE-

PERTM Nuclear and Cytoplasmic Extraction Reagents Kit (Thermo 

Fisher Scientific, Rockford, IL, USA). Briefly, the harvested cells 
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were vortexed with Cytoplasmic Extraction Reagent I, followed by 

incubation on ice for 10 min. The cells were resuspended in 

Cytoplasmic Extraction Reagent II for 1 min and centrifuged for 5 

min at 13,000 g. The supernatant containing cytoplasmic proteins 

was transferred to a pre-chilled EP tube (the cytoplasmic fraction). 

The precipitated pellets were resuspended in Nuclear Extraction 

Reagent for 40 min, vortexed at 10 min intervals, and thoroughly 

sonicated. The solution was centrifuged for 10 min at 13,000 g. 

Finally, the supernatant consisting of nuclear proteins (the nuclear 

fraction) was collected for western blot analysis.  

 

2.10. Immunocytochemistry 

Cells were seeded into 4-well chamber slides and treated with 

DMSO or genipin. After 24 h, the cells were washed with PBS and 

fixed with Cytofix/CytopermTM solution (BD Biosciences, San Jose, 

CA, USA) for 1 h at 4°C. The slides were blocked with 1% bovine 

serum albumin (BSA) at RT for 1 h and incubated with 

pSTAT3Tyr705 antibody (1:100) at 4°C overnight. After washing 

three times with PBS, the cells were incubated with Alexa FluorTM
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488 anti-rabbit antibody (1:150, #A-11034, Invitrogen, Waltham, 

MA, USA) for 1 h in the dark. The samples were mounted using 

UltraCruz®  Aqueous Mounting Medium with DAPI (Santa Cruz 

Biotechnology, Santa Cruz, CA, USA). Finally, cells were visualized 

using an LSM700 confocal laser scanning microscope (Carl Zeiss, 

Oberkochen, Germany). 

 

2.11. Quantitative real-time PCR (qPCR) 

Total RNA was prepared using TRIzol reagent (Life Technologies, 

Carlsbad, CA, USA) and the amount of extracted RNA was 

measured using the NanoPhotometer N50 (IMPLEN, Westlake 

Village, CA, USA). The AMPIGENE cDNA Synthesis Kit (Enzo Life 

Sciences, Farmingdale, NY, USA) was used to reverse-transcribe 1 

μg of total RNA and the resulting cDNA was subjected to qPCR 

using the AMPIGENE qPCR Green Mix Hi-Rox (Enzo Life Sciences, 

Farmingdale, NY, USA) with the StepOnePlusTM Real-Time PCR 

System (Applied Biosystems, Foster City, CA, USA). The PCR 

conditions for all genes were as follows: 95°C for 2 min, followed 

by 40 cycles of 95°C for 10 sec, and 60°C for 30 sec. The 
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relative expression of each gene was determined by the 2–

ΔΔCt
 method and normalized to the amount of GAPDH as an internal 

control. All primers were synthesized by Cosmo genetech (Seoul, 

Republic of Korea) and the primer sequences were as follows: Mcl-

1 (Accession number: NG_029069.1)  sense 5′-GTA TCA CAG 

ACG TTC TCG TAA GG-3′, Mcl-1 5′-CCA CCT TCT AGG 

TCC TCT ACA T-3′, survivin (Accession number: NG_029146.2) 

sense 5′-ACT TGG CCC AGT GTT TCT T-3′, survivin anti-

sense 5′-GAC AGA AAG GAA AGC GCA AC-3′, GAPDH 

(Accession number: NG_007073.2) sense 5′-GTG GTC TCC TCT 

GAC TTC AAC-3′, GAPDH anti-sense 5′-CCT GTT GCT GTA 

GCC AAA TTC-3′.  

 

2.12. Statistical analysis 

All graphs were constructed using GraphPad Prism version 8.4.2 

(GraphPad Software, San Diego, CA, USA) and all statistical tests 

were conducted using SPSS version 25.0 (SPSS, Chicago, IL, USA). 

All data are presented as the mean ± standard deviations (SD) 

from at least three independent experiments. For in vitro studies, 
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two variables were compared using a two-tailed student’s t-test, 

whereas a one-way ANOVA analysis was performed for multiple 

comparisons along with Tukey’s post hoc test. For in vivo studies, 

non-normally distributed datasets were analyzed using the 

nonparametric Mann–Whitney test. For all cases, the statistical 

significance was set at p < 0.05 (* or #).  
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3. Results 

 

3.1. Genipin inhibits the tumorigenesis of human OSCC both in vitro 

and in vivo 

 

To determine the anticancer effect of genipin on human OSCC, the 

CCK-8 assay was performed to assess cell viability in two human 

OSCC cell lines (HN22 and HSC-4) following genipin treatment. As 

shown in Fig. 1A, a 24 h exposure to genipin significantly decreased 

cell viability in both cell lines in a concentration-dependent manner. 

The IC50 values for HN22 and HSC-4 cells were 128 ± 26 μM 

and 111 ± 10 μM, respectively. Similarly, clonogenic growth in 

genipin-treated cells was much lower compared with that in 

DMSO-treated cells, as evidenced by a reduction in both colony 

number and size (Fig. 1B). To determine the effect of genipin on 

tumor progression in human OSCC in vivo, I used the CDX mouse 

model by injecting HN22 cells subcutaneously into the flanks of 

Balb/c nude mice. As shown in Fig. 2A and 2B, the tumor volume of 

the genipin-treated group after 24 and 28 days was reduced 



 

 22 

compared with that of the vehicle control group (p = 0.029). There 

were no significant differences in body weight between the vehicle 

control and genipin treatment groups (Fig. 2C). These results 

indicate that genipin potently inhibits the growth of human OSCC in 

vitro and in vivo. 

 

3.2. Genipin induces apoptotic cell death in human OSCC cells 

through a caspase-dependent pathway 

 

To determine whether the cytotoxic effects of genipin are 

attributed to the induction of apoptotic cell death in human OSCC 

cells, I analyzed morphological changes, including nuclear 

condensation, by DAPI staining. As shown in Fig. 3A, genipin 

induced a marked accumulation of apoptotic cells, as indicated by 

the white arrows, compared with the control cells. Moreover, 

genipin treatment not only resulted in the accumulation of cells in 

the sub-G1 phase (Fig. 3B), but also increased the population 

within the annexin V-positive compartments (Fig. 3C), indicating 

induction of apoptotic cell death. The apoptotic effect of genipin was 
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further verified by western blot analysis, in which genipin treatment 

markedly induced cleavage of both caspase 3 and PARP (Fig. 4A), 

which are classic apoptosis markers. Furthermore, I observed that 

combined treatment with genipin and the pan-caspase inhibitor Z-

VAD-FMK abolished cleavage of both caspase 3 and PARP in both 

cell lines compared with genipin treatment alone (Fig. 4B). These 

results indicate that genipin promotes apoptotic cell death in human 

OSCC cells through a caspase-dependent pathway. 
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Fig. 1. Effects of genipin on the progression of human OSCC in vitro. 

Cells were treated with the indicated concentrations of genipin for 

24 h. (A) The CCK-8 assay was used to assess the viability of 

both cell lines treated with either DMSO or genipin (top panel). The 

IC50 values of genipin (bottom panel). (B) Representative images of 

a soft agar colony formation assay. Magnification, ×40; scale bar, 

200 μm. Colonies were automatically counted using ImageJ 

software. All graphs represent the mean ± SD of triplicate 

experiments. Significance difference compared to the control group 

is indicated (*, p < 0.05).
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Fig. 2. Effects of genipin on the progression of human OSCC in vivo. 

(A) The tumor volume (B) Representative images of tumors, (C) 

body weight of the mice was measured. All graphs represent the 

mean ± SEM. Significance difference compared to the control 

group is indicated (*, p < 0.05). 
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Fig. 3. Effect of genipin on apoptotic cell death in human OSCC cells. 

(A) Representative image of cells stained with DAPI. Apoptotic 

cells with nuclear condensation are indicated by white arrows. 

Magnification, ×400; scale bar, 20 μm. (B) Flow cytometry 

images of PI-stained cells showing cell cycle distribution. Graphs 

represent the fold-change of the sub-G1 population in each group. 

(C) Representative images of annexin V/PI double staining. Graphs 
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represent the fold-change of apoptotic cells within annexin V-

positive compartments. All data represent the mean ± SD of three 

independent experiments. Significance difference compared to the 

control group is indicated (*, p < 0.05).
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Fig. 4. The role of caspase on genipin-mediated apoptosis. 

(A) Western blot analysis showing the expression levels of c-

caspase 3 and c-PARP. β-actin was used as an internal control. 

Significance difference compared to the control group is indicated (*, 

p < 0.05). (B) Cells were pre-treated with Z-VAD-FMK for 1 h, 

followed by treatment with genipin for 24 h. All data represent the 

mean ± SD of three independent experiments. * , p < 0.05 

compared with DMSO treatment alone; # , p < 0.05 compared with 

genipin treatment alone.
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3.3. Genipin suppresses STAT3 phosphorylation and its nuclear 

localization in human OSCC cells 

 

STAT3 functions as a key modulator of several biological processes, 

including proliferation and apoptotic cell death, in various types of 

cancer (Baek et al. 2016; Horiguchi et al. 2010; Hu et al. 2021). 

Previous study suggested that STAT3 phosphorylation was 

significantly higher in human OSCC tumors compared with that in 

the normal oral mucosa (Kim et al. 2017). Therefore, I determined 

whether genipin can suppress STAT3 phosphorylation in human 

OSCC. As shown in Fig. 5, genipin markedly downregulated STAT3 

phosphorylation at Tyr705, but not Ser727, in both cell lines, which 

indicates that genipin selectively inhibits STAT3 phosphorylation at 

Tyr705 residue only. Furthermore, genipin reduced the expression of 

p-STAT3Tyr705, which predominantly occurred in the nucleus (Fig. 

6A). These findings were further supported by 

immunocytochemistry, in which reduced p-STAT3Tyr705 expression 

was observed predominantly within the nucleus following genipin 

treatment (Fig. 6B). These results demonstrate that genipin 
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abolishes p-STAT3Tyr705 expression within the nucleus. 

 

3.4. Reduced STAT3Tyr705 levels by genipin treatment modulates 

survivin and Mcl-1 expression to induce apoptotic cell death 

 

To identify which downstream target molecules in the apoptosis 

pathway are regulated by reduced STAT3 phosphorylation 

following genipin treatment, I performed western blot analysis to 

measure survivin, Mcl-1, Bcl-2, and Bcl-XL protein expression. 

As shown in Fig. 7, the expression of survivin and Mcl-1 was 

markedly decreased in genipin-treated cells compared with the 

controls; however, there were no significant differences in Bcl-2 

and Bcl-XL levels. Based on these results, I determined whether 

these two downstream target molecules were attenuated by the 

reduction of STAT3 phosphorylation following genipin treatment. 

The expression of p-STAT3Tyr705 was abolished in both cell lines at 

0.75 h following genipin treatment (Fig. 8). Survivin expression was 

significantly decreased in both cell lines at 3 h after genipin 

treatment, whereas Mcl-1 was decreased in HN22 and HSC-4 
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cells after 6 and 3 h, respectively. Furthermore, a significant 

increase in c-PARP levels was observed in HN22 and HSC-4 cells 

at 12 and 6 h post-treatment, respectively. The results indicate 

that genipin-induced apoptotic cell death in human OSCC cells may 

be attributed to the sequential reduction of survivin and Mcl-1 

expression through inhibition of STAT3 phosphorylation. 
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Fig. 5. Effects of genipin on STAT3 phosphorylation in human 

OSCC cells.  

The expression levels of p-STAT3Tyr705, p-STAT3Ser727, and total 

STAT3 were determined by western blot analysis. β-actin was 

used as an internal control. All analyses were performed three 

times independently and the graphs represent the mean ± SD. 

Significance difference compared to the control group is indicated (*, 

p < 0.05). 
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Fig. 6. Effects of genipin on STAT3 nuclear localization in human 

OSCC cells.  

((A) Cytoplasmic and nuclear fractions were prepared to determine 

the subcellular localization of p-STAT3Tyr705. Histone H3 and α-

tubulin were used as specific markers for the nucleus and 

cytoplasm, respectively. All analyses were performed three times 

independently and the graphs represent the mean ± SD. 
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Significance difference compared to the control group is indicated (*, 

p < 0.05). (B) Representative images of immunocytochemistry 

showing the expression levels of p-STAT3Tyr705 and its nuclear 

localization. Fluorescence signals for p-STAT3Tyr705 (green) and 

nuclei counterstained with DAPI (blue) were detected by confocal 

microscopy. Merged panels of the two images. The red line boxed 

area is enlarged in the right. Magnification, ×400; scale bar, 20 

μm. 
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Fig. 7. Reduction of survivin and Mcl-1 expression induced by 

genipin treatment in human OSCC cells. 

Cells were treated with the indicated concentrations of genipin for 

24 h. The expression levels of survivin, Mcl-1, Bcl-2, and Bcl-XL 

were analyzed by western blot analysis. All analyses were 

performed three times independently and the graphs represent the 

mean ± SD. Significance difference compared to the control group 

is indicated (*, p < 0.05). 
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Fig. 8. Association between the expression of STAT3Tyr705 and its 

target genes to induce apoptotic cell death. 

Cells were treated with 200 μM of genipin at the indicated time 

points. Western blot images showing the expression levels of p-

STAT3Tyr705, total STAT3, survivin, Mcl-1, and c-PARP. β-actin 

was used as an internal control. All analyses were performed three 

times independently and the graphs represent the mean ± SD. 

Significance difference compared to the control group is indicated (*, 

p < 0.05). 
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3.5. Genipin modulates survivin and Mcl-1 expression through 

transcriptional and/or post-translational regulation mechanisms 

 

To further clarify the regulatory mechanisms of survivin and Mcl-1 

that were reduced by genipin treatment, I measured survivin and 

Mcl-1 mRNA expression by qPCR. As shown in Fig. 9, the 

expression of survivin was suppressed in both cell lines; however, 

Mcl-1 expression was significantly decreased in HN22 cells at 6 to 

24 h following genipin treatment, whereas both exhibited a 

significant difference in HSC-4 cells at 24 h only. To determine 

whether the genipin-mediated inhibition of Mcl-1 expression in 

HSC-4 cells was attributed to reduced protein stability, HSC-4 

cells were pre-treated with cycloheximide (CHX), a protein 

synthesis inhibitor. The results indicated that Mcl-1 expression in 

cell treated with CHX and genipin was gradually reduced compared 

with CHX treatment alone (Fig. 10A). Furthermore, the reduced 

expression of Mcl-1 following genipin treatment was restored by 

the proteasome inhibitor MG132, which indicates proteasomal 

degradation of Mcl-1, but not the lysosome inhibitor CQ (Fig. 10B 
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and 10C). These results demonstrate that genipin alters the 

expression of survivin and Mcl-1 in human OSCC cells in a cell 

context-dependent manner through transcriptional and/or post-

translational regulatory mechanisms. 
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Fig. 9. Transcriptional regulation of survivin and Mcl-1 induced by 

genipin treatment. 

Cells were treated with DMSO or 200 μM of genipin for the 

indicated times. The relative mRNA levels of survivin and Mcl-1 

were assessed by qPCR. All analyses were performed three times 

independently and the graphs represent the mean ± SD. 

Significance difference compared to the control group is indicated (*, 

p < 0.05). 
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Fig. 10. Post-translational regulation of Mcl-1 induced by genipin 

treatment. 

(A) HSC-4 cells were pre-treated with 50 ng/mL of CHX, a 

protein synthesis inhibitor, for 1 h before treatment with 200 μM 

of genipin for the indicated times. Western blot images showing the 

expression of Mcl-1. Significance difference compared to the 

control group is indicated (*, p < 0.05). (B) HSC-4 cells were pre-
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treated with 300 nM MG132, a proteasome inhibitor, for 1 h before 

treatment with 200 μM of genipin for the indicated times. The 

expression levels of Mcl-1 were determined by western blot 

analysis. β-actin was used as an internal control. All analyses 

were performed three times independently and the graphs 

represent the mean ± SD. * , p < 0.05 compared with DMSO 

treatment alone; # , p < 0.05 compared with genipin treatment alone. 

(C) HSC-4 cells were pre-treated with 60 nM CQ, a lysosome 

inhibitor, for 1 h before treatment with 200 μM of genipin for the 

indicated times. 
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Fig. 11. Working model depicting the molecular mechanism of 

genipin as a potential STAT3 inhibitor in human OSCC cells. 
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4. Discussion 

 

STAT3 plays an important role in regulating cell proliferation and 

anti-apoptotic cell death through transcriptional regulation of 

various genes (Siveen et al. 2014). Translocation of phosphorylated 

STAT3 into the nucleus is associated with a worse outcome in 

cancer patients (Macha et al. 2011); thus, STAT3 has been 

proposed as an attractive target for cancer treatment (Tu et al. 

2011; You et al. 2012). Based on these findings, several compounds 

that abrogate the expression or activity of STAT3 are being tested 

pre-clinically and clinically, which act as direct and indirect 

inhibitors, respectively (L. Sun et al. 2022; McLornan et al. 2021; 

Jung et al. 2022). In the present study, I found that genipin 

markedly decreased STAT3 activity in vitro; however, it remains 

unclear if genipin abrogates STAT3 activity through binding to the 

SH2 domains, similar to the mechanism underlying other small 

STAT3 inhibitors or by inhibiting upstream molecules, such as 

EGFR, JAK, and Src (Siveen et al. 2014; Daniel E. Johnson, O'Keefe, 

and Grandis 2018). This raises the possibility that the inhibition of 
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STAT3 activity is likely an effective strategy to slow the 

progression of human OSCC. Constitutively active STAT3 

contributes to therapeutic challenge of conventional treatments as 

well as an EGFR inhibitor, Cetuximab, an FDA-approved 

monoclonal antibody (Chen et al. 2021; S. Sun et al. 2018; Zheng et 

al. 2021). Considering these observations, cancer therapy using the 

above methods in combination with genipin may result in a favorable 

outcome for cancer patients harboring tumors with high STAT3 

kinase activity.  

Constitutively activate STAT3 is associated with the upregulation 

of survivin in gastric cancer cells and primary effusion lymphoma 

(Kanda et al. 2004; Aoki, Feldman, and Tosato 2003). Moreover, 

survivin is significantly overexpressed in OSCC patients and high 

expression is associated with worse survival rates (Lo Muzio et al. 

2003; M. Li et al. 2020). Survivin is regulated by transcriptional, 

translational, and post-translational processes (Boidot, Vegran, and 

Lizard-Nacol 2014; Wheatley and Altieri 2019). Of these, 

transcriptional regulation of survivin occurs by several transcription 

factors, including STAT3, HSF-1α, and Sp1 (Yamamoto, Ngan, and 
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Monden 2008). In the present study, I found that genipin 

predominantly suppressed the levels of p-STAT3Tyr705 within the 

nucleus and survivin mRNA levels were significantly decreased in 

genipin-treated cells. These results suggest that reduced levels of 

p-STAT3Tyr705 within the nucleus may be responsible for the 

inhibition of survivin expression via transcriptional regulation. 

The phosphorylation of PEST motifs in the Mcl-1 sequence 

renders it vulnerable to degradation by the 20S proteasome, which 

is mediated by multiple ubiquitin ligases, such as Mcl-1 ubiquitin 

ligase E3, SCFβ-TrCP, SCFFBW7, and TRIM17. This results in 

phosphorylation-dependent ubiquitination and a short half-life, 

whereas deubiquitinases, such as USP9X, DUB3, and JOSD1, are 

known for mediating the restoration of Mcl-1 ubiquitination, 

ultimately impeding its proteasomal degradation and leading to 

elevated Mcl-1 stability (Senichkin et al. 2020; Senichkin et al. 

2019). In the present study, the mRNA levels of Mcl-1 in HSC-4 

cells were not affected by genipin treatment at 6 and 12 h, in 

contrast to 24 h. Therefore, I hypothesized that genipin may 

decrease Mcl-1 expression through a post-translational 
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mechanism at early time points (~12 h). To confirm this, I 

determined the effect of CHX or MG132 in HSC-4 cells treated 

with genipin. Genipin combined with CHX gradually decreased Mcl-

1 expression compared with CHX treatment alone. In addition, 

MG132 restored the reduction of Mcl-1 induced by genipin 

treatment, suggesting that genipin treatment facilitates 

proteasomal-mediated degradation of Mcl-1 in human OSCC cells. 

In this regard, my results are obviously different from that of a 

previous report showing that genipin only affects the transcriptional 

activity of Mcl-1 by inhibiting the JAK2/STAT3 pathway in gastric 

cancer (Jo et al. 2019). 
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5. Conclusions 

 

In conclusion, I discovered that genipin clearly inhibits the 

expression of p-STAT3Tyr705 and its downstream target molecules, 

survivin and Mcl-1, through transcriptional and/or post-

translational processes, which contributes to the induction of 

apoptotic cell death in human OSCC cells (Fig. 11). Genipin may be 

effective for the treatment of human OSCC exhibiting high STAT3 

kinase activity. 
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구강 편평상피세포암종에서 STAT3 신호전달을 

억제하는 genipin의 항암 효능에 관한 연구 

 

박 동 국 

서울대학교 대학원 

치의과학과 구강병리학 전공 

지도 교수: 조 성 대 

 

1. 목 적: 이전 연구에 따르면 제니핀 (genipin)은 구강 

편평상피세포암종 (OSCC)을 포함하는 여러 유형의 암에 대해 세포 

독성이 있는 것으로 알려져 있다. 하지만, 구강 편평상피세포암종 

세포주에서 제니핀의 항암 효능을 설명하는 메커니즘은 현재까지 미미한 

실정이다. 본 연구는 구강 편평상피세포암종 세포주에서 제니핀이 

유도하는 항암 효능의 근본적인 메커니즘을 규명하는 것을 목표로 한다. 
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2. 재료 및 방 법: 구강 편평상피세포암종에서 제니핀의 세포증식 억제 

효과는 Cell Counting Kit-8, soft agar 및 세포주 유래 이종 이식 

동물모델을 통해 평가되었다. 또한, 세포사멸 (apoptotic cell death)을 

유도하는 제니핀의 효능은 DAPI staining을 통한 핵의 형태학적 변화, 

sub-G1 분석, Annexin V/PI double staining 과 cleaved PARP 및 

cleaved caspase 3 단백질의 검출을 통해 평가되었다. 제니핀에 의해 

매개되는 signal transduction and activator of transcription 3 

(STAT3)의 활성억제 메커니즘은 western blotting, subcellular 

fractionation of the nucleus and cytoplasm, immunocytochemistry 

와 quantitative real-time PCR을 통해 STAT3의 타겟 유전자들의 

발현을 확인하였다. 

 

3. 결 과 및 고찰: 제니핀은 in virto 및 in vivo에서 구강 

편평상피세포암종에서 세포증식 억제했다. 또한 제니핀은 cleaved 

PARP 과 cleaved caspase 3단백질 발현을 농도의존적으로 

증가시켰으며, pan-caspase 억제제인 Z-VAD-FMK를 처리함으로써, 

제니핀에 의한 세포 사멸이 caspase 3에 의존적인 경로를 통하여 

유도되는 것을 확인하였다. Subcellular fractionation 과 

immunocytochemistry를 통해 제니핀이 핵에 존재하는 p-
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STAT3(Y705)의 발현을 농도의존적으로 감소시키는 것을 확인하였다. 

또한, 제니핀에 의한 p-STAT3(Y705) 발현의 억제는 세포 사멸에 

연관된 단백질인 survivin 과 myeloid cell leukemia-1 (Mcl-1) 

발현의 감소를 초래했다. 제니핀에 의해 매개되는 survivin 및 Mcl-1 

발현의 감소는 전사 및/또는 번역 후 조절 메커니즘에 의해 발생했으며, 

이는 세포 맥락에 의존적인 방식으로 발생했다. 이 연구로, 제니핀이 

구강 편평상피세포암종에서 STAT3의 활성을 억제하고 타겟 

유전자들의 발현을 감소시킴으로써 세포사멸을 유도할 수 있는 항암 

효능을 제시하였다. 

 

주요어: 제니핀; Signal transduction and activator of transcription 3; 

구강 편평상피세포암종; 세포사멸; Myeloid cell leukemia-1; Survivin 
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