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Abstract. Honokiol (HK), a novel plant-derived natural product, 
is a physiologically activated compound with polyphenolic 
structure, and has been identified to function as an anticancer 
agent. It has been widely used in several diseases as a tradi-
tional medicine for a long time. We investigated whether HK 
could show anticancer effects on two oral squamous cell lines 
(OSCCs), HN-22 and HSC-4. We demonstrated that HK-treated 
cells showed dramatic reduction in cell growth and apoptotic 
cell morphologies. Intriguingly, the transcription factor speci-
ficity protein 1 (Sp1) was significantly inhibited by HK in a 
dose-dependent manner. Furthermore, we checked changes 
in cell cycle regulatory proteins and anti-apoptotic proteins at 
the molecular level, which are known as Sp1 target genes. The 
important key regulators in the cell cycle such as p27 and p21 
were up-regulated by HK-mediated down-regulation of Sp1, 

whereas anti-apoptotic proteins including Mcl-1 and survivin 
were decreased, resulting in caspase-dependent apoptosis. Taken 
together, results from this study suggest that HK could modulate 
Sp1 transactivation and induce apoptotic cell death through 
the regulation of cell cycle and suppression of anti‑apoptotic 
proteins. In addition, HK may be used in cancer prevention and 
therapies to improve the clinical outcome as an anticancer drug.

Introduction

Oral squamous cell carcinoma (OSCC) is a common type of 
malignant tumor in the world. New cases of oral cancer occur 
at around 275,000 patients per year, OSCC cases comprise 
approximately >90% of diagnosed patients with oral cancer (1). 
Although conventional treatments of oral cancer, including 
surgery, radiation and chemotherapy, have well advanced 
to date, the five-year survival rate remains <50% (2). Hence, 
discovery and development of effective chemotherapeutic 
agents for OSCC might result in improved survival rate of 
OSCC patients.

Natural products as sources of new drugs have been 
explored and expanded in anticancer drug development for 
the past several decades. In fact, 74.8% of all the anticancer 
drugs have been discovered and semi-modified from natural 
sources, for example, 20 small molecules were approved in 
2010 (3). Among the plant-derived products, honokiol (HK) is 
the most attractive natural compound since it has been widely 
used to treat several diseases, including stroke, anxiety, fever 
and ischemic heart disease, by Chinese (houpo) and Japanese 
(saiboku-to) as a traditional herbal medicine (4). HK is a poly-
phenolic compound containing physiologically active small 
molecules, it is isolated from the cones, bark and leaves of 
Magnolia species (Magnolia officinalis or grandiflora) (4,5).

Many researchers have paid attention to biological effects 
of HK in various cancer cells because it has many remarkable 
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pharmacological abilities, such as anti‑inflammatory, anti-
thrombotic, anti-arrhythmic, anti‑platelet and anti‑oxidative 
effects, without appreciable toxicity (6-9). Several studies 
on the effect of HK demonstrated its anticancer activity in 
various cancer cell lines and tumor models (10-14). HK was 
first proposed as a potent chemotherapy candidate for cancer 
therapy due to its antitumor activity against xenografted 
tumors in mice (15). In that study, HK treatment resulted in 
inhibition of tumor growth rate up to 50%. In addition, it was 
found to induce apoptotic cell death in B cell chronic lympo-
cytic leukemia cell lines through a caspase-dependent pathway. 
Furthermore, combinatorial treatments of a low dose HK 
with chemotherapeutic agents such as fludarabine, cladribine 
and chlorambucil, enhanced the cytotoxic effect (10). HK has 
also been shown to inhibit the NF-κB signaling pathway via 
decreasing the TNF‑α-induced NF-κB activation, IKK activity, 
IκBα phosphorylation and IκBα degradation in endothelial 
cells, monocytes, breast cancer and cervical cancer (16-18). 
Consequently, HK has received attention as a potent anticancer 
drug due to its ability in the regulation of multiple signal trans-
ductions in various cell lines.

Although the anticancer effects of HK have been well 
demonstrated against numerous cancer cell lines and models, 
little is known about the effect of HK on oral squamous cell 
carcinoma (OSCC). To characterize the effect of HK on OSCC, 
this study specifically examined the anticancer effect of HK 
on cell viability against two oral squamous cell carcinoma cell 
lines, HN-22 and HSC-4, and identified the regulated proteins 
by HK treatment in these cells. Interestingly, an important gene 
regulating protein specificity protein 1 (Sp1) in cell prolifera-
tion, cell cycle progression and oncogenesis was significantly 
regulated when cells were treated with HK (19). Subsequently, 
we explored whether downstream proteins of Sp1 and key 
apoptotic proteins could be affected in their expression toward 
apoptotic cell death through alteration of Sp1 expression by HK 
treatment. Our results provide insight for the chemotherapeutic 
efficacy of HK in oral squamous cells.

Materials and methods

Cell culture and reagents. The human oral squamous cancer 
cells, HN-22 and HSC-4, were generously provided by 
Dr Sung-Dae Cho (Chonbuk National University, Jeonju, 
Korea) and cultured in Hyclone Dulbecco's modified Eagle's 
medium (DMEM; Thermo Scientific, Logan, UT) containing 
10% heat‑inactivated fetal bovine serum and 100 U/ml each 
of penicillin and streptomycin (Thermo Scientific) at 37˚C 
with 5%  CO2 in humidified air. HK was purchased from 
Sigma‑Aldrich (St. Louis, MO).

Cell viability assay. Cell viability was measured using the 
CellTiter 96™ AQueous assay kit (Promega, Madison, WI) 
according to the manufacturer's protocol. Both HN-22 and 
HSC-4 cells were seeded on a 96-well microtiter plate (HN-22, 
2x103 cells/well and HSC-4, 3x103 cells/well) and then cells were 
treated with different doses of 0, 2.5, 5 or 10 µg/ml HK. Cell 
viability was measured by adding dehydrogenase enzyme 
substrate (MTS, 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxy
methoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium) and 
electron coupling reagent (PMS, phenazinemethosulfate) 

and then plates were incubated at 37˚C in 5% CO2 for 2 h after 
24 h post-treatment of HK. The absorbance was measured at 
490 nm using GloMax‑Multi Microplate Multimode Reader 
(Promega). Percentages of cell viabilities of HK treated cells 
were normalized to that of untreated cells.

Sp1 knockdown using siRNA. The endogenous Sp1 knock-
down was induced via the transient transfection of siRNA. 
Knockdown of Sp1 was performed using a pool of four duplexes 
targeting Sp1 (TARGETplus SMARTpool siRNA, Thermo 
Scientific Dharmacon, Lafayette, CO). HN-22 and HSC-4 cells 
were seeded in 96‑well plates and 100‑mm culture dishes, and 
Sp1 targeting siRNA or non-targeting controls (Dharmacon) at 
a 50 nM were introduced using the DharmaFECT2 transfection 
reagent. After transfection, cells were subjected to MTS assay 
and western blot analysis.

Terminal deoxynucleotidyl transferase-mediated dUTP 
nick end labeling assay. The apoptotic events were visual-
ized by terminal deoxynucleotidyltransferase UTP nick end 
labeling (TUNEL) assay using an in situ cell death detection 
kit (Roche, Mannheim, Germany). Cells were prepared as 
described previously in 6-well plates with coverslips. After 
HK administration, a TUNEL assay was performed with an 
In Situ Cell Death Detection kit according to the manufac-
turer's manual. In brief, cells were fixed and permeabilized 
with cytofix/cytoperm solution (BD Biosciences, San Diego, 
CA) for 30 min. The fixed and permeabilized cells were then 
treated with the TUNEL reaction mixture and incubated in a 
humidified dark chamber at 37˚C for 1 h. The samples were 
washed with PBS and then the stained cells were observed 
under a FluoView confocal laser microscope.

Immunocytochemistry. The cells were seeded over each steril-
ized glass coverslips on 6-well tissue culture plates for 24 h and 
incubated with HK for 48 h. The cells were fixed and permeabi-
lized with cytofix/cytoperm solution for 30 min. For expression 
of Sp1, the cells were blocked with 1% BSA and then incubated 
with monoclonal Sp1 antibody at 4˚C overnight. After washing 
with PBS containing 0.05% Tween-20 (PBST) solution, the Sp1 
antibody was reacted with a Jackson 488-conjugated anti-mouse 
secondary antibody at room temperature for 1 h and mounted 
with Mountin solution‑Vectashield mounting medium for fluo-
rescence with DAPI (Vector Laboratories Inc., Burlingame, CA) 
onto the cells. The cells were visualized using a FluoView 
confocal laser microscope.

Western blot analysis. The total cell lysate were prepared 
using PRO-PREP™ protein Extraction Solution (iNtRON 
Biotechnology, Seoul, Korea) containing 1 µg/ml aprotinin, 
1 µg/ml leupeptin and 1 µM PMSF. Equal amounts of total 
protein were separated on 10 or 15% v/v SDS-PAGE and then 
transferred onto polyvinylidenedifluoride (PVDF) membranes. 
After blocking with 5% non-fat dried milk in PBST containing 
0.1% Tween-20, membranes were immunoblotted with specific 
primary antibodies against Sp1 (1C6), p21 (F-5), p27 (C-19), 
cyclin D1 (M-20) (Santa Cruz Biotechnology, Santa Cruz, CA), 
PARP (BD Biosciences), Mcl-1, survivin, cleaved‑caspase-3 
(Cell  Signaling, Danvers, MA) and β-actin (AC-74) 
(Sigma‑Aldrich) overnight at 4˚C. After washing with PBST, 
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the membranes were incubated with horseradish-peroxidase-
conjugated anti-mouse IgG or anti-rabbit IgG (Santa  Cruz 
Biotechnology) and chemiluminescence signals were enhanced 
by Pierce ECL Western Blotting Substrate (Thermo Scientific, 
Rockford, IL).

Statistical analysis. Statistical significance was assessed 
using a Student's t-test. A p‑value of <0.05 compared with the 
non‑treated cool was considered statistically significant.

Results

Honokiol inhibits cell viability and induces apoptosis of 
OSCCs. Previously, it has been reported that HK inhibits cell 
proliferation and tumor growth of various cell lines derived from 
different cancers (15,20,21). Therefore, we examined whether 
HK could effectively suppress the cell proliferative capability of 
the OSCCs, HN-22 and HSC-4. To determine the cell viability, 
we employed MTS assay after HK treatment with different 
concentrations (2.5, 5, 7.5 or 10 µg/ml) and different time‑points 
(24 or 48 h) into HN-22 or HSC-4. The IC50 of HK for 48 h 
treatment in the HN-22 and HSC-4 cells was calculated to be 
approximately 7.1 and 8.0 µg/ml (Fig. 1B). The cell viability 
of HN-22 was, respectively, 95.4±2.3, 79.7±2.0, 44.7±7.1 and 
26.3±2.3% at 2.5, 5, 7.5 and 10 µg/ml of HK compared with 
the untreated control cells when viability was calculated at 48 h 

post‑treatment. In the case of HSC-4, viability was 97.7±0.5, 
94.2±2.7, 56.0±4.8 and 25.2±0.9 at 2.5, 5, 7.5 and 10 µg/ml, 
respectively, of HK compared to that of the untreated control 
cells at 48 h post-treatment. Next, we confirmed the induction 
of apoptosis by HK treatment. TUNEL assay was performed 
to visualize the cells undergoing apoptosis to detect DNA frag-
mentation that resulted from the apoptotic signaling cascade. 
As shown in Fig. 1C, TUNEL positive cells were markedly 
increased in high-dose treated (10 µg/ml) cells in both HN-22 
and HSC-4 in comparison to the untreated or low-dose treated 
cells. These data show that HK treatment effectively inhibited 
cell growth and led to apoptotic cell death in OSCCs.

Sp1 protein level is decreased by honokiol. The transcription 
factor of Sp1 highly overexpressed in various cancer-derived 
cell lines including human glioblastoma, lung and pancreatic 
cancers etc., and has regulated transcriptional activity on differ-
entiation, growth and oncogenesis genes (e.g. cyclins, c-myc 
and p53) through modulation of target gene promoter (19,22-
25). If the expression level of Sp1 protein could be effectively 
modulated by a chemotherapeutic agent, then the agent can be 
a potent candidate for an anticancer drug through suppression 
of tumor progression. Thus, to determine whether Sp1 protein 
levels were reduced by HK under the same conditions as MTS 
assays, two OSCC cell lines (HN-22 and HSC-4) were treated 
with different doses of HK at 0, 2.5, 5 and 10 µg/ml for 48 h. The 

Figure 1. The effect of honokiol (HK) on cell viability of oral cancer cells. (A) Chemical structure of HK. (B) The cell viability effect of HK on HN-22 and HSC-4 
cells. HN-22 cells (2x103 cells/well) and HSC-4 (3x103 cells/well) cells were seeded in 96-well plates and incubated for 24 and 48 h with increasing concentration of 
HK in 10% FBS-DMEM. Cell viability was estimated using an MTS assay kit, as described in Materials and methods. Results are indicated as cell viability relative 
to the HK untreated, and data are the means ± SD from three independent experiments. The asterisk indicates a significant difference compared to the negative 
control (untreated cells) (*p<0.05). (C) TUNEL analyses were performed using a FluoView confocal laser microscope. The morphological changes observed in the 
HK treated (2.5, 5 and 10 µg/ml) or untreated HN-22 and HSC-4 cells at 48 h post-treatment.
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Sp1 levels were dramatically decreased in the treated cells with 
maximum 88.1±9.4% compared to the HN-22 untreated group 
and 73.2±12.2% of the HSC-4 untreated group (Fig. 2A and B). 
Consistent with these observations, immunocytochemical 
results also showed a decreased level of Sp1 positive cells in 
a dose-dependent manner in HN-22 and HSC-4 (Fig. 2E). To 
address the cellular effect of down-regulated Sp1 by HK, we 
examined the alterations of apoptotic-related protein, PARP, 
by western blot analysis along with Sp1 expression. When the 

expression levels of Sp1 and PARP were monitored for 48 h 
with 12‑h intervals, Sp1 levels were dramatically diminished 
as time passed and full-length PARP also showed the parallel 
changes with Sp1 under HK treated conditions (Fig. 2C and D). 
These results collectively suggest that down-regulation of Sp1 
by HK treatment could lead to apoptotic cell death.

Suppression of Sp1 expression leads to apoptotic cell death. 
It has been reported that transcriptional activity of Sp1 has an 

Figure 2. The effect of honokiol (HK) on specificity protein 1 (Sp1) protein expression in HN-22 and HSC-4 cells. The HN-22 and HSC-4 cells were incubated with 
different concentrations of HK for 48 h. The cells were harvested and prepared for western blot analysis as described in Materials and methods. (A and B) Protein 
expression levels of Sp1 were detected using a specific antibody against Sp1 and its levels were quantified after actin normalization. The HK-treated cells were 
compared with the untreated cells, and data are the means ± SD of three independent experiments. The asterisk indicates a significant difference compared with 
the negative control (untreated cells) (*p<0.05). Time-dependent effects of HK on Sp1 and PARP expressions were performed in (C) HN-22 and (D) HSC-4 cells 
for 48 h with 12‑h intervals. (E) Immunocytochemistry analysis was performed in HK treated HN-22 and HSC-4 cells. HN-22 and HSC-4 cells were treated with 
different concentrations of HK for 48 h and cells were immunostained with Sp1 specific antibody, and then signals were detected with Jackson 488-conjugated 
anti-mouse secondary antibody. DAPI was used for nucleus staining.
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important role in oncogenesis. Indeed, many cancer-derived 
cells showed enforced expression levels of Sp1 in comparison 
to normal cells. Moreover, the level of Sp1 was shown to affect 
the fate of cancer cells through modulating the genes involved 
in cell cycle progression, growth and apoptosis (24,25). Our 
previous study reported that Sp1 down-regulated cancer 
cells were shown to decrease the proliferation rate (26,27). 
Therefore, we investigated to clearly evaluate whether Sp1 
expression level has an effect on cell viability and apoptosis 
in HN-22 and HSC-4 cells. To determine the cellular effect 
by Sp1, we transiently transfected the Sp1 specific targeting 
siRNA (siSp1) into HN-22 and HSC-4 and then monitored cell 
viabilities at different transfection time points (24, 48, 72 and 
96 h). As expected, siSp1 transfected HN-22 and HSC-4 showed 
reduced viabilities compared to siCon transfected HN-22 and 
HSC-4 cells (Fig. 3A and B). Apoptosis inducing protein levels 
were also significantly changed in Sp1 knocked down cells by 
siSp1. The full-length PARP decreased according to the Sp1 
expression level, whereas cleaved‑caspase-3 increased (Fig. 3C 
and D). Our results demonstrate that the level of Sp1 expres-
sion plays an important role in the physiological progression of 
OSCCs (HN-22 and HSC-4).

HK treatment shows the same effects of Sp1 in suppressed 
conditions. To determine the regulatory role of HK, we focused 
on the expression levels of the Sp1 downstream targets and 
pro‑apoptotic proteins. We found that cell cycle arrest proteins, 
such as p27 and p21, were markedly enhanced in a dose-depen-
dent manner by HK, whereas cell proliferation and survival 
associated proteins, such as cyclin D1, Mcl-1 and survivin, were 

decreased by HK treatment (Fig. 4A and B). Moreover, when 
we tested pro-apoptotic protein levels at different doses, HK 
dose-dependently caused activation of caspase-3 and PARP in 
OSCCs (Fig. 5A and B).

Discussion

HK is a physiologically activated natural product, which has 
been widely used in China and Japan as a traditional herbal 
medicine for treatment of stroke, fever, anxiety and nervous 
disturbance (5) (Fig. 1A). It was reported that HK has multi-
functional roles in cellular processes (4). Several studies have 
reported that HK has an antitumor effect on various cancer 
derived cells, including B-CLL, prostate and hepatoma cell 
lines (10-13). Despite numerous studies on cancer cells, anti-
cancer activities of HK on OSCCs are not well understood.

In this study, we extensively explored the apoptotic effects 
of HK in OSCCs, since oral cancer is one of serious diseases 
in many parts of the world. Oral cancer, which is the cancer 
of the oral and pharyngeal cavities, is ranked as the sixth most 
commonly occurring cancer in the world. Oral squamous cell 
carcinomas (OSCCs) account for over 90% of oral cancers (1). 
Despite several clinical approaches including surgical resec-
tion, radiation therapy, chemotherapy or their combinations, 
OSCCs still have lower survival rates as well as being the most 
aggressive malignant tumor type. Thus, efficacious drugs are 
highly required for OSCCs treatment. In HK treatment of the 
two OSCCs, HN-22 and HSC-4, at different times and concen-
trations (Fig. 1B), TUNEL positive cells were increased in a 
dose-dependent manner (Fig. 1C).

Figure 3. Knockdown of specificity protein 1 (Sp1) for functional study on cell proliferation of oral cancer cells. Sp1 specific (siSp1) or non-target siRNA (siCon) 
were transfected into the (A) HN-22 and (B) HSC-4 cells. Cell proliferation in siCon and siSp1-transfected (A) HN-22 and (B) HSC-4 cells was quantified by an 
MTS assay at 24, 48, 72 and 96 h post-transfection. Data are the means ± SD of three independent experiments. The asterisk indicates a significant difference 
in the siSp1 transfected cells compared with the siCon transfected cells (*p<0.05). The siCon or siSp1 transfected (C) HN-22 and (D) HSC-4 cell lysates were 
determined by western blot analysis using anti-Sp1, anti-PARP and anti-cleaved-caspase-3. The values measured by Image J densitometry are representative of 
three independent experiments. Actin was used as a loading control.
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Transcription factor, Sp1 is known to be ubiquitously 
expressed and closely associated in various cellular processes 
through its anti-tumor activity and regulation of signal transduc-
tions (19). Interestingly, many different types of cancer cells 
were reported to show highly enhanced Sp1 expression levels 
(24,25,28). Therefore, numerous studies have investigated 
whether up-regulated Sp1 could have an effect on biological 
processes such as proliferation, differentiation and oncogenesis 
(19). As an example to cell cycle progression, down-regulation 
of Sp1 level by siSp1, decoy or ectopic expression of dominant-
negative protein induced G1 phase cell cycle arrest in human 
glioblastoma, lung, pancreatic and cervical cancer cells, resulting 
from alterations of cycle modulating proteins such as cyclin D1 
and p27 (22,23,29,30). Therefore, Sp1 has been suggested as an 
ideal target for molecular therapy against cancer. Our results 
show that Sp1 was significantly reduced in the HK treated 
cells (Fig. 2) and pro-apoptotic proteins, PARP and caspase-3, 
were also regulated toward apoptosis (Fig. 5). These cellular 
effects of HK were similar to the effects produced by the Sp1 
specific inhibitor, mithramycin A which inhibited the expres-

sion and transcriptional regulatory activity of Sp1 on target 
genes including c-myc, cyclin D1, Mcl-1 and survivin (26,27,31). 
To evaluate whether HK can change target protein expression 
levels and apoptosis related proteins in OSCCs, we monitored 
the proteins whose expression was closely associated with cell 
cycle arrest and survival, to gain mechanistic insights into 
the role of anticancer effect in OSCCs. Moreover, expression 
levels of transcriptional regulatory factors of cyclin‑dependent 
kinase inhibitors (CKI), p27 and p21, were studied extensively. 
Many human cancers frequently show down-regulation of p27 
which is correlated with cancer cell malignancy (32). Another 
cdk inhibitor, p21, is also down-regulated in various human 
cancers including colorectal, tonsillar carcinoma, gastric and 
breast cancer (33). Both p21 and p27 are well characterized as 
negative regulators of cell cycle progression and their functional 
roles in G1 phase arrest result from the interaction of cyclins and 
cyclin-dependent kinase (CDKs) complexes (34,35). Therefore, 
we postulated that if CDKs are positively regulated in cells 
by a therapeutic agent, malignancies of cancer cells could be 
effectively suppressed via inhibition of cell cycle arrest. In this 

Figure 5. The effect of honokiol (HK) on apoptosis of OSCCs. (A) HN-22 and (B) HSC-4 cells were treated with or without the indicated concentrations of HK 
(0, 2.5, 5 and 10 µg/ml) for 48 h. The cell lysates were determined by western blot analysis with anti-cleaved-caspase-3 and anti-PARP antibodies. Equal loading 
of proteins was confirmed by blotting of anti-actin antibody. The values measured by Image J densitometry are representative of three independent experiments.

Figure 4. The effect of honokiol (HK) on downstream target protein of specificity protein 1 (Sp1). (A) HN-22 and (B) HSC-4 cells were incubated with HK (2.5, 
5 and 10 µg/ml) or DMSO for 48 h. The protein expressions of p27, p21, cyclin D1, Mcl-1 and survivin were analyzed by western blot analysis against a specific 
antibody. Forty microgram of cellular extract per lane was separated on SDS-PAGE gel as described in Materials and methods. Equal loading of proteins was 
confirmed by blotting of anti-actin antibody. The values measured by Image J densitometry are representative of two or three independent experiments.



INTERNATIONAL JOURNAL OF ONCOLOGY  43:  1103-1110,  2013 1109

study, we found that two CKIs, p21 and p27, were significantly 
increased in HK dose-dependent manner, whereas their upstream 
regulator Sp1 was found to be decreased (Fig. 4). These results 
suggest that HK was able to negatively regulate Sp1 expression, 
resulting in down-regulation of p21 and p27.

Another cell cycle involving protein, cyclin D1, was also 
regulated by HK treatement. It has been reported that cyclin D1 
is indispensable for cell cycle progression because it promotes 
G1/S phase transition via interaction with cyclin dependent 
kinases. Thus, its expression level is closely associated with 
tumorigenesis and cell maintenance. A study showed that cyclin 
D1 was induced by oncogenes including Ras, Src and β-catenin, 
when cells were stimulated by oncogenic signals (36-38). Also, 
an increased level of cyclin D1 has been frequently observed 
in human cancers (39). Therefore, it is likely that reduction of 
Sp1 by HK treatment could not induce transcriptional activa-
tion of cyclin D1 on the promoter, resulting in suppression of 
neoplastic proliferation of OSCCs.

Unlike the cell cycle arrest proteins such as p21 and p27, we 
observed that pro-survival proteins were significantly reduced 
by HK in OSCCs. It is known that survivin is a member of 
inhibitor of apoptosis protein family and its expression level 
has been considered to play an important role in oncogenesis 
(40). Numerous studies have demonstrated that negative regula-
tion of survivin expression or inhibition of its cellular function 
could lead to apoptotic cell death in cancer cells (40). Recently, 
a study reported that the transcription factor Sp1 can regulate 
transactivation of survivin via direct binding to the GC-rich 
promoter region (41,42). Another study revealed that anti‑apop-
totic protein, Mcl-1, is a member of the Bcl-2 family and is also 
associated in cancer progression and malignancies (43-45). 
The down-regulation of Mcl-1 and survivin promotes apoptosis 
in cancer cells (46-48). Based on these reports, modulation 
of survivin and Mcl-1 could effectively suppress oncogenesis 
in vivo and in vitro, suggesting the potential use of these proteins 
in cancer treatment as a potential therapeutic target gene. To 
further confirm whether HK could modulate anti-apoptotic 
protein expressions toward apoptosis, we monitored alterations 
of Mcl-1 and survivin when cells were treated with different 
doses. Mcl-1, survivin and cell cycle regulatory proteins were 
greatly reduced by HK treatment in a dose-dependent manner 
(Fig. 4). Therefore, HK can positively regulate p27 and p21, and 
negatively regulate cyclin D1, Mcl-1 and survivin in OSCCs, 
resulting in activation of a caspase‑dependent apoptosis pathway 
through activated caspase-3 and PARP (Fig. 5).

In this study, we investigated the cancer chemoprevention 
effect of HK on OSCCs. Our results indicate that HK has cell 
growth inhibitory activity and induces apoptosis in OSCCs 
through inhibition of Sp1 expression, followed by transcriptional 
regulation of the cell cycle regulating and anti‑apoptotic proteins. 
Taken together, HK might be a promising therapeutic agent in 
the treatment of oral cancers. However, molecular mechanisms 
and clinical studies for HK are necessary to elucidate its unex-
pected potential toxicity and its clinical applications.
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