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Abstract: The study was performed to investigate the relationship between KRT6B and Notch1 in the development 
and progress of hepatocellular carcinoma. The cell viability was detected by CCK8 assay. The cell apoptosis was as-
sessed by annexin V-PI double-labeling staining on a flow cytometry. Expression of genes and proteins were analyzed 
by real-time PCR and Western blotting, respectively. KRT6B gene was overexpressed using a lentiviral expression 
vector in a human hepatoma cell line in vitro, in order to explore the mechanism by which the KRT6B promoted cell 
growth. The results of CCK8 and immunohistochemistry showed that honokiol induced cell death in a concentra-
tion-dependent manner, and suppressed human hepatoma cells’ proliferation. The mRNA and protein expression 
of Notch1 was significantly lower in human hepatoma cells with honokiol treatment than that in the untreatment 
group. Activation of Notch-1 by exogenous transfection of Notch1 intracellular domain increased KRT6B expression 
in human hepatoma cells. Furthermore, cells were transfected with the wild type pLenti-KRT6B vector, the protein 
expression of KRT6B and NOTCH1 was significantly upregulated in human hepatoma cells with honokiol treatment. 
Overexpression of KRT6B promoted hepatoma cells’ proliferation and showed anti-apoptosis effect. This study dem-
onstrated that honokiol could induce human hepatoma cells’ apoptosis. KRT6B, a key mediator of Notch signaling, 
was downregulated in honokiol-induced hepatocellular carcinoma apoptosis, suggesting that KRT6B might be a 
novel therapeutic target for the treatment of hepatocellular carcinoma.
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Introduction

Hepatocellular carcinoma (HCC) is the sixth 
most common cancer worldwide and leading 
cause of death among patients with cirrhosis 
[1]. Several risk factors have been suggested to 
be involved in the development of HCC, includ-
ing aflatoxin exposure, alcohol consumption, 
chronic inflammation associated with viral hep-
atitis and familial tendency [2]. In China, HCC is 
now second only to lung cancer in terms of total 
deaths [3]. The high mortality rate of HCC is 
due to the fact that no systemic therapy is avail-
able for advanced cases of the disease [4]. 
Therefore, it is extremely urgent to explore a 
novel and effective adjuvant therapy drug.

The bark and/or seed cones of the Magnolia 
tree have been used in traditional herbal medi-
cines in China. Individual constituents of Mag- 
nolia have been reported by many investigators 

to have anti-cancer effects [5]. Honokiol, a 
small molecular weight natural product isolated 
and purified from the Magnolia officinalis, has 
been shown to possess potent anti-oxidation 
[6], anti-inflammatory [7], anti-neoplastic and 
anti-angiogenic properties [8, 9]. Functional 
studies reveal that honokiol can induce cell 
apoptosis in human chondrosarcoma cells in 
vitro and reduce tumor volume in vivo [9]. 
Moreover, honokiol significantly inhibit cyclo-
sporine A-induced and Ras-mediated survival 
of renal cancer cells through the downregula-
tions of vascular endothelial growth factor 
(VEGF) and cytoprotective enzyme HO-1 [10]. 
Interestingly, honokiol analogs show much high-
er growth inhibitory activity in A549 human lung 
cancer cells and significant increase of cell pop-
ulation in the G0-G1 phase [11].

A previous study suggested that Notch signal-
ing played a crucial role in the transformation 
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and neoplastic proliferation of human malig-
nancy [12]. Aberrant expression of Notch has 
been reported in breast cancer [13], lung can-
cer [14], acute myeloid leukemia [15], prostate 
cancer [16, 17]. Some recent studies show that 
Notch signaling is activated in human hepato-
cellular carcinoma and induces tumor forma-
tion in Mice [4, 18].

A novel mutation in keratin 6b (KRT6B) can 
lead to pachyonychia congenita type 2, also 
known as Jackson-Lawler syndrome [19]. An 
examination of KRT6 show that expression of 
this gene is increased in the As3+-transformed 
cells and their tumor heterotransplants. More- 
over, KRT6 expression is a marker for trans-
formed urothelial cells that had undergone 
squamous differentiation [20]. Although its  
role remains essentially unclear, it seems that 
KRT6B is associated with the increased risk of 
cancer, such as lung cancer [21], breast carci-
noma [22], and urothelial cancer [23]. However, 
there is little evidence to suggest a potential 
role for KRT6B in HCC. Moreover, the relation-
ship between Notch-1 and KRT6B in human 
hepatocarcinogenesis is unknown.

Although the effects of honokiol-induced tumor 
apoptosis have been studied in some cancers 
[9-11], the role of honokiol in the process of cell 
apoptosis in human hepatoma cells remains 
largely unknown. In this study, we identified 
KRT6B as a novel mediator of dysregulated 
Notch signaling, and showed that activation of 
Notch-1 in human hepatoma cells upregulated 
the expression of KRT6B. We also performed a 
detailed experimental analysis to investigate 
the relationship between Notch signaling and 
KRT6B expression in honokiol-induced hepato-
cellular carcinoma apoptosis and to identify 
signaling pathways that may be targeted for the 
treatment of highly aggressive HCC.

Materials and methods

Cell culture

The human HCC cell lines, HepG2, was obtained 
from Chinese Academy of Sciences (Institute of 
Shanghai Cell Biology and Chinese Type Culture 
Collection, China), and maintained in DMEM 
(Dulbecco’s modified Eagle’s medium; Invitro- 
gen), supplemented with 10% fetal bovine 
serum (FBS) (HyClone, Logan, UT), 100 units/
ml penicillin, and 100 mg/ml streptomycin 

(Invitrogen) at 37°C in a humidified, 5% CO2, 
95% air atmosphere. The medium was replen-
ished every day. Confluent cells were treated 
with various concentrations of honokiol (50 μg/
ml, 100 μg/ml).

Cell viability detection by CCK8

Human hepatoma cells (1.0 × 103/well) were 
plated in 96-well plates (three wells per group) 
and treated with honokiol (0-100 μg/ml) for 24 
or 48, respectively. 10 μL of CCK8 (Dojindo, 
Kumamoto, Japan) was added to the cells, and 
the viability of the cells was measured at 490 
nm using an ELISA reader (BioTek, Winooski, 
VT, USA) according to the manufacturer’s 
instructions.

Quantification of apoptosis by flow cytometry

Apoptosis was assessed using annexin V, a pro-
tein that binds to phosphatidylserine (PS) resi-
dues which are exposed on the cell surface of 
apoptotic cells. Cells were treated with vehicle 
or honokiol for the indicated time. After treat-
ment, cells were washed twice with PBS (pH = 
7.4), and re-suspended in staining buffer con-
taining 1 μg/ml PI and 0.025 μg/ml annexin 
V-FITC. Double-labeling was performed at room 
temperature for 10 min in the dark before  
the flow cytometric analysis. Cells were immedi-
ately analyzed using FACScan and the Cell- 
quest program (Becton Dickinson). Quantitative 
assessment of apoptotic cells was also per-
formed by the terminal deoxynucleotidyl trans-
ferase-mediated deoxyuridine triphosphate 
nick endlabeling (TUNEL) method, which exam-
ines DNA-strand breaks during apoptosis by 
using BD ApoAlertTM DNA Fragmentation Assay 
Kit. Briefly, cells were incubated with honokiol 
for the indicated time. The cells were trypsin-
ized, fixed with 4% paraformaldehyde, and per-
meabilized with 0.1% Triton-X-100 in 0.1% sodi-
umcitrate. After being washed, the cells were 
incubated with the reaction mixture for 60 min 
at 37°C. The stained cells were then analyzed 
with flow cytometer.

Real-time polymerase chain reaction

The human hepatoma cells’ RNA extraction 
was performed according to the TRIzol manu-
facturer’s protocol (Invitrogen, Carlsbad, CA, 
USA). RNA integrity was verified by agarose gel 
electrophoresis. Synthesis of cDNAs was per-
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formed by reverse transcription reactions with 
2 μg of total RNA using moloney murine leuke-
mia virus reverse transcriptase (Invitrogen) with 
oligo dT (15) primers (Fermentas) as described 
by the manufacturer. The first strand cDNAs 
served as the template for the regular poly-
merase chain reaction (PCR) performed using a 
DNA Engine (ABI 7300). PCR with the following 
primers: Notch1, forward 5’-CTAAGATCTCCTG- 
AGGGCTTCAAAGTGTC-3’, reverse 5’-GCGAATT- 
CCTTGAAGGCCTCCGGAT-3’; KTR6B, forward 5’- 
TCCTTTTTAGTTCCCGTAT-3’, reverse 5’-TAATGG- 
GCAGGATGGTTAG-3’; GAPGH, forward 5’-GGT- 
GGAGGTCGGGAGTCAACGGA-3’, reverse 5’-GA- 
GGGATCTCGCTCCTGGAGGA-3’. Glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) as an 
internal control was used to normalize the data 
to determine the relative expression of the tar-
get genes. The reaction conditions were set 
according to the kit instructions. After comple-
tion of the reaction, the amplification curve and 
melting curve were analyzed. Gene expression 
values are expressed using the 2-ΔΔCt method.

Western blotting

The Human hepatoma cells were homogenized 
and extracted in NP-40 buffer, followed by 5-10 
min boiling and centrifugation to obtain the 
supernatant. Samples containing 50 μg of  
protein were separated on 10% SDS-PAGE gel, 
transferred to nitrocellulose membranes (Bio-
Rad Laboratories, Hercules, CA, USA). After 
saturation with 5% (w/v) non-fat dry milk in TBS 
and 0.1% (w/v) Tween 20 (TBST), the mem-
branes were incubated with the following anti-
bodies, Notch1 and KRT6B (Santa Cruz Bio- 
technology, CA, USA), at dilutions ranging from 
1:500 to 1:2,000 at 4°C over-night. After wash-
es with TBST thrice, the membranes were incu-
bated with secondary immunoglobulins (Igs) 
conjugated to IRDye 800CW Infrared Dye 
(LI-COR), including donkey anti-goat IgG and 
donkey anti-mouse IgG at a dilution of 1:10,000-
1:20,000. After 1 hour of incubation at 37°C, 
membranes were washed three times with 
TBST. Blots were visualized by the Odyssey 
Infrared Imaging System (LI-COR Biotechno- 
logy). Signals were densitometrically assessed 
(Odyssey Application Software version 3.0) and 
normalized to the GAPDH signals to correct  
for unequal loading using the mouse monoclo-
nal anti-GAPDH antibody (Bioworld Technology, 
USA).

Transfection and selection of stable human 
hepatoma cells

For the transfection of the Human hepatoma 
cells lines, lentiviral vectors harboring KRT6B 
were constructed and the Human hepatoma 
cells were infected. Briefly, the Human hepato-
ma cells were cultured in McCoy’s 5α medium 
containing 10% FBS and when they reached 
the exponential growth phase, 1.0 × 105 cells 
(per well) were plated in 96 plates. Next, 300 
μL complete culture medium, containing recom-
binant lentiviruses, control lentiviruses or 
McCoy’s 5α medium (all containing 6 μg/mL 
polybrene; Sigma) was added into the plates 
when the cells reached 50-60% confluence. 
Two days later, the virus-containing medium 
was replaced with fresh complete medium.

Statistical analysis

The data from these experiments were report-
ed as mean ± standard errors of mean (SEM) 
for each group. All statistical analyses were 
performed by using PRISM version 4.0 
(GraphPad). Inter-group differences were ana-
lyzed by one-way ANOVA, and followed by 
Tukey’s multiple comparison test as a post-hoc 
test to compare the group means if overall P < 
0.05. Differences with P value of < 0.05 were 
considered statistically significant.

Results

Honokiol-induced cell apoptosis in human 
hepatoma cells

We analyzed the effect of honokiol on cell  
survival in human hepatoma cells. Treatment  
of hepatoma cells with honokiol, cell viability 
was suppressed in a concentration-dependent 
manner according to CCK8 assay (Figure 1A). 
In addition, the immunofluorescence staining 
results showed that honokiol could suppress 
hepatoma cells proliferation (Figure 1B). We 
next investigated whether honokiol induced 
cell death through an apoptotic mechanism. 
Annexin V-PI double-labeling was used for the 
detection of PS externalization, a hallmark of 
early phase of apoptosis. Consistent with the 
immunofluorescence staining, the results 
showed significantly (P < 0.05) larger propor-
tion of apoptotic cells at the early phase in 
honokiol treatment group, compared to un- 
treatment group (Figure 1C and 1D).
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MRNA and protein expression of Notch1 in hu-
man hepatoma cells

In an attempt to explore the influence of Notch1 
on human hepatoma cells when they are pre-
scribed to increase risk of a variety of cancers, 
to determine whether honokiol induces apopto-
sis by triggering the Notch apoptotic pathway, 
we measured the change in the mRNA and pro-
tein expressions of Notch1. The present study 
suggested that Notch1 was associated with 
proliferation of hepatoma cells. The mRNA and 
protein expressions of Notch1 were significant-
ly lower in hepatoma cells with honokiol treat-
ment than that in untreatment group (Figure 2). 
Therefore, our data suggested that suppres-
sion the expression of Notch1 was involved in 
honokiol-mediated cell death.

Differentially expressed mRNAs in human 
hepatoma cells

Notch-1 interacts with many downstream effec-
tors that regulate complex cytoplasmic signal-
ing networks. The microarray data of Notch1-
none hepatoma cells were treated as control in 
the selection of differentially expressed genes 

related to Notch1-transfer. After the removal of 
redundant and unannotated sequences, with 
FDR < 1%, 3 genes were found to be significant-
ly downregulated and 47 genes to be signifi-
cantly upregulated (P < 0.0001) in the Notch1-
transfer group compared to that in the Notch1-
none group. We found the mRNA expression of 
KRT6B at the highest levels in Notch1-transger 
group (Figure 3). Taken together, these results 
suggested that overexpression of Notch-1 and 
elevated KRT6B expression play key roles in 
the pathogenesis of HCC.

Honokiol-induced human hepatoma cell apop-
tosis was suppressed by overexpressed KRT6B

In this study, we proposed that KRT6B was 
involved in honokiol-induced hepatoma cell 
apoptosis. The CCK8 assay showed that 
honokiol-induced human hepatoma cell apop-
tosis was suppressed by overexpressed KRT6B 
(Figure 4A). The Annexin V-PI double-labeling 
results showed a large proportion of the early 
phase of apoptosis cells had treated with 
honokiol treatment, but overexpressed KRT6B 
could suppress early phase of apoptosis cells 
(Figure 4B). Moreover, the protein expression of 

Figure 2. mRNA and protein expression of Notch1 in hepatoma cells. Cells are treated with honokiol in different 
concentration (50 μg/ml or 100 μg/ml) for 24 h with Western blotting. mRNA (A) and protein (B) expression are 
measured by PCR and Western blotting, respectively. The quantitative results of real-time PCR and Western blot for 
each group was statistically compared (C). Values are expressed as mean ± SEM, n = 3 in each group. *P < 0.05, 
**P < 0.01, versus control group.

Figure 1. Honokiol induced human hepatoma cell apoptosis. Honokiol-induced the apoptosis of human hepatoma 
cells are incubated with various concentrations of honokiol for 24 h or 48 h, and the cell viability was examined by 
CCK8 assay (A). At 24 h post-honokiol (100 μg/ml) treatment, green fluorescent protein visualization of Notch1 in 
human hepatoma cells by fluorescence microscopy (magnification × 200) (B). Cells are treated with vehicle, DMSO, 
or honokiol (100 μg/ml) for 24 h, the percentage of apoptotic cells is analyzed by flow cytometric analysis of annexin 
V/PI double staining (C), the populations of double-positive cells in triplicate in different group were quantified and 
statistically compared (D). Values are expressed as mean ± SEM, n = 3 in each group. *P < 0.05, versus control 
group.
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KRT6B was significantly decreased in hepato-
ma cells with honokiol treatment (Figure 4C). 

We next explored the interaction between 
KRT6B and Notch1 in human hepatoma cells. 

Figure 3. Differentially expressed mRNAs in human hepatoma cells. Differentially expressed mRNAs chosen with 
FDR < 1%: Volcano plot (A). Hierarchical clustering of differentially express mRNAs in Notch1-none group and 
Notch1-transger group; red indicates high relative expression and blue indicates low relative expression: heat map 
(B). The codes are log2-transformed values. Fold changes > 1 and P-values < 0.05 are considered significant.
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Western blot analysis of KRT6B and Notch1 
expression in human hepatoma cells showed 
that cells expressing exogenous KRT6B can 
augment the protein expression of Notch1 
(Figure 4C). This suggested that KRT6B was 
involved in Notch signaling and established a 
regulatory role for KRT6B in the pathogenesis 
of HCC.

Discussion

HCC is a highly aggressive cancer for which 
there is no currently available effective treat-
ment and it is the third most frequent cause of 
cancer deaths [4]. Mounting evidence shows 
that constitutively activated Notch pathway 
induces human hepatoma cells’ proliferative 
activity [4, 18, 24, 25]. Notch signaling acti- 
vated in human HCC samples promotes forma-
tion of liver tumors in mice. The Notch signa- 
ture is a biomarker of response to Notch inhibi-
tion in vitro [18]. However, the possible mole- 
cular mechanisms underlying the interaction 
between Notch signaling and KRT6B in the 
development and progress of human HCC are 
unknown.

In this study, we utilized a comprehensive and 
integrative approach to explore the role of 
Notch signaling in honokiol-induced human 
hepatoma cell apoptosis. We demonstrated 
that Notch1 was associated with proliferation 
of hepatoma cells. Immunohistochemistry of 
human hepatoma cells showed that Notch1 
was heavily expressed and honokiol treatment 
could curb this negative phenomenon. More- 
over, the mRNA and protein expressions of 
Notch1 were suppressed by honokiol. KRT6B 
was overexpressed in the human hepatoma 
cells using pLenti-KRT6B, and then the cells 
that stably overexpressed KRT6B mRNA and 
protein were screened. The results indicated 
that the mRNA and protein levels of KRT6B in 
the human hepatoma cells were higher than 

the levels in the vehicle group, and the overex-
pression of KRT6B significnatly suppressed 
honokiol-induced human hepatoma cell apop-
tosis. Furthermore, the present study demon-
strated that KRT6B could augment the protein 
expression of Notch1. Therefore, we proposed 
that there may be a cross-talk between Notch1 
and KRT6B in cell apoptosis progression. 
Honokiol could induce human hepatoma cell 
apoptosis, and the underlying mechanism was 
mediated, at least partially, through downregu-
lation the expression of Notch1 and KRT6B.

According to the CCK8 assay and Annexin V-PI 
double-labeling staining, honokiol induced cell 
death through an apoptotic mechanism, and 
the proportion of apoptotic cells at early phase 
was significantly larger. Honokiol had been 
demonstrated to possess the effects of cyto-
protective autophagy in prostate cancer cells, 
induce apoptosis in the human colorectal can-
cer cells, and reduce cells survival and tumor 
growth in human chondrosarcoma cells both in 
vitro and in vivo [9, 26, 27]. To date, a few stud-
ies to our knowledge investigated honokiol on 
hepatocellular carcinoma. The study on human 
hepatocellular carcinoma SMMC-7721 cells 
had found that honokiol-induced cell death was 
associated with reactive oxygen species pro-
duction and an increase of Bax/Bcl-2 ratios 
[28]. Interestingly, honokiol inhibited prolifera-
tion and significantly potentiated the apoptotic 
effects of paclitaxel and doxorubicin in HCC 
cells [29]. Moreover, honokiol induces apopto-
sis of HepG2 human hepatocellular carcinoma 
cells through activation of p38 MAPK pathway, 
and in turn, activation of caspase-3 [30]. 
However, we observed a novel phenomenon 
that the expression of Notch1 increased along 
with overexpressed KRT6B protein level in 
hepatocellular carcinoma cells. So, we investi-
gated the relationship between Notch1 and 
KRT6B, and eventually determined that honoki-
ol induced human hepatocellular carcinoma 

Figure 4. Honokiol-induced human hepatoma cell apoptosis was suppressed by overexpressing KRT6B. Honokiol 
(100 μg/ml)-induced the apoptosis of human hepatoma cells are transfected with pLenti-negative (honokiol + pLen-
ti-negative), or pLenti-KRT6B (honokiol + pLenti-KRT6B) for 24 h, and the cell viability is examined by CCK8 assay 
(A), cells are treated with honokiol, honokiol + pLenti-negative, or honokiol + pLenti-KRT6B for 24 h, the percentage 
of apoptotic cells is analyzed by flow cytometric analysis of annexin V/PI double staining (B), and the populations 
of double-positive cells in triplicate in different group were quantified and statistically compared (C). The protein 
expression of KRT6B and Notch1 is measured by Western blotting in honokiol group, pLenti-negetive (honokiol + 
pLenti-negetive) group, or pLenti-KRT6B (honokiol + pLenti-KRT6B) group (D), and gray analysis was performed to 
semi-quantify the relative protein levels (E). Values are expressed as mean ± SEM, n = 3 in each group. *P < 0.05, 
versus control group. 
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cell apoptosis through suppressing the expres-
sion of Notch1 and KRT6B.

Taken all together, our results identified that 
honokiol induced cell death and suppressed 
human hepatocellular carcinoma cell prolifera-
tion. The underlying mechanism was mediated, 
at least partially, through downregulating the 
expression of Notch1 and KRT6B. Honokiol pro-
vided an intriguing explanation of cellular and 
molecular mechanisms responsible for hepato-
cellular carcinoma cells’ apoptosis, and maybe 
an effective adjuvant therapeutic drug for clini-
cal treatment.
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