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FoxM1 influences mouse hepatocellular carcinoma 
metastasis in vitro
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Abstract: Lymph node metastasis is recognized as an important mode of liver cancer metastasis. Two hepatocar-
cinoma cell lines, Hca-F get high (75%) and Hca-P get low (25%) incidences of lymph node metastasis. Forkhead 
box M1 (FoxM1) is described as a major oncogenic transcription factor in tumor initiation, promotion, and progres-
sion. Ezrin is linked to aggressive tumor behavior by involving all stages of tumor metastasis. We firstly compared 
the expression of FoxM1 and Ezrin between two cells. Then we transiently transfected Hca-P cells with over-FoxM1 
plasmid and Hca-F cells with sh-FoxM1 plasmid. We found that both FoxM1 and Ezrin expressed higher in Hca-F 
than Hca-P. We successfully down-regulated or up-regulated FoxM1 expression in Hca-F or Hca-P cells. And we found 
that FoxM1 had correlation with proliferation, invasion and migration in mouse hepatocellular carcinoma cell lines. 
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Introduction

Hepatocellular carcinoma (HCC) is a phenotypi-
cally and genetically heterogeneous polyclonal 
disease and resistant to most conventional 
chemotherapy. Ninety percent of malignant 
tumors are carcinomas, and lymph nodes are 
often the first organ to develop metastasis [1]. 
HCC is one of the globe’s most common types 
of cancer and one of the most fatal [2]. At pres-
ent, HCC is largely a Third World disease, espe-
cially Southeast Asia and Africa, China alone 
accounts for more than 50% of the world HCC 
cases [3]. Lymphatic metastasis is a complex 
process involving multiple genes and their 
products. Lymph node metastasis (LNM) is an 
important factor resulting in poor prognosis 
and high mortality. Tumor metastasis includes 
four steps: proliferation, attachment, migration 
and invasion. Figuring out HCC lymph node 
metastasis-related proteins will be of potential 
benefit to decreasing the relapse and death 
rates of cancer patients and contribute new 
ideas to clinical treatment. However, molecular 
mechanism of metastasis remains poorly 
understood [4]. In previous studies, Guo et al. 

established and maintain a pair of syngeneic 
mouse hepatocarcinoma cell lines, Hca-F and 
Hca-P in Pathology department of Dalian 
Medical University. When inoculated subcuta-
neously in Chinese 615 mice, Hca-P showed a 
low of LNM rate (< 30%), whereas Hca-F showed 
a high LNM rate (> 70%) [5, 6].

Forkhead box M1 (FoxM1), also previously 
called HNF-3, HFH-11, WIN, MPP2, or Trident, 
as a member of Forkhead family of transcrip-
tion factors, shares homology in Winged Helix/
Forkhead box DNA-binding domain [7]. FoxM1 
is required for normal G1-S, G2, and M phase 
cell-cycle transitions. Besides its involvement in 
cell-cycle transitions, FoxM1 is also a key regu-
lator of mitotic spindle integrity [8], angiogene-
sis [9], metastasis [9, 10], apoptosis [10, 11], 
DNA damage repair [12, 13], embryo implanta-
tion [14] and tissue regeneration [15]. Several 
lines of evidence demonstrate that overexpres-
sion of FoxM1 occurs in a wide variety of human 
tumors frequently, including medulloblastoma 
[16], colorectal cancer [17], hepatocellular car-
cinoma [18], breast cancer [19], non-small cell 
lung cancer [20] and so on.
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Ezrin is distributed in actin-containing cell sur-
face structures such as microvilli, microspikes, 
and membrane ruffles in a wide variety of cul-
tured cells and tissues. Ezrin is expressed at 
high levels in intestine, stomach, lung, pancre-
as, and kidney; at moderate levels in spleen, 
lymph nodes, thymus, and bone marrow; at 
very low levels in heart and brain [21, 22]. Ezrin 
is an integral cytoskeletal linker protein found 
in numerous cell types but predominantly in 
polarized epithelial cells [23], where it links fila-
mentous actin to intra-membranous adhesive 
proteins such as cellular adhesion molecules 
(CAMs), CD43 and CD44 [24]. In its inactive 
form, Ezrin is located in the cytoplasm and its 
C-terminal domain, an F-actin-binding site, is 
masked by the N-terminal domain of Ezrin or 
other ERM (ezrin-radixin-moesin) family mem-
ber proteins. Once Ezrin is activated by threo-
nine and tyrosine phosphorylation, it assumes 
an active form, in which its N-terminal domain 
binds the cell membrane and its C-terminal 
domain binds to F-actin [25, 26]. Ezrin is linked 
to aggressive tumor behavior by involving all 
stages of tumor metastasis [27, 28] including 
cell adhesion, survival, motility, and signal 
transduction [29-31].

Studying on FoxM1 and Ezrin will help us to 
reveal the role of FoxM1 and Ezrin in the mech-
anism of tumorigenesis and their lymphatic 
metastasis, which could be of therapeutic 
benefit.

Material and methods

Animals and cell lines

The mouse hepatocarcinoma cell line Hca-P, 
with lymphatic metastasis rate less than 30%, 
Hca-F, with lymphatic metastasis rate more 
than 70% were established and maintained in 
Dalian Medical University as previously 
described. Inbred Chinese 615 mice (8-week-
old males, weighing 18-22 g) were provided by 
the Experimental Animal center of Dalian 
Medical University. Hca-P and Hca-F cells were 
inoculated (2×106 cells in a 0.2 ml cell suspen-
sion) into each mouse and grew in the mice 
peritoneal cavity for 7 days. These cells were 
drawn and injected again in other 615 mice 
and allowed to grow for 5 days. Two passages 
were done in order to harvest large number of 
cells in around 2 weeks. The cells were then 
continuously cultured in 90% RPMI 1640 (Life 

Technologies Corporation, CA, USA) supple-
mented with 10% fetal bovine serum (Gibco, 
USA), 100 U/ml penicillin, and 100 mg/ml 
streptomycin at 37°C with 5% CO2.

Transient transfection of cells

The FoxM1 overexpression plasmids, FoxM1 
siRNA (5’-GCC GGA ACA UGA CCA UCA ATT-3’) 
and negative control (NC) sequence (5’-GTT 
CTC CGA ACG TGT CAC GT-3’) were designed 
and synthesized by Shanghai GenePharma Co., 
Ltd (Shanghai, China). Cells were cultured in 
Petri dishes to 80-90% confluence and then 
transfected with Lipofectamine 2000 (Invitro- 
gen) in strict accordance with the manufactur-
er’s instructions. After transfection, the cells 
were cultured for 48 or 72 h before use in sub-
sequent experiments.

RNA extraction and real-time reverse transcrip-
tase PCR

Total RNA was extracted with the TRIzol (Takara, 
Dalian, China) reagent according to the manu-
facturer’s protocol and RNA samples were qual-
ified by the measurement of the optic absor-
bance at 260 and 280 nm with a resultant 
A260/A280 ratio that ranged from 1.8 to 2.0, 
which indicated a high purity of the extracted 
RNA. The concentration of total RNA was calcu-
lated according to A260. Aliquots of total RNA 
(1.0 g each) from each sample were reverse 
transcribed into cDNA according to the instruc-
tions of PrimeScript® RT Reagent Kit (Takara, 
Dalian, China). Real-time PCR was performed 
with an ABI Step One Plus Real-time PCR sys-
tem according to the manufacturers’ recom-
mendations. Real-time PCR reaction contained 
10 μl 2× SYBR Premix Ex Taq, 0.8 μl primer mix, 
0.4 μl 50× ROX Reference Dye II, 4 μl cDNA, 
and 4.8 μl deionized water to make a total vol-
ume of 20 μl. The relative amount of specific 
mRNA was normalized to GAPDH. All PCR reac-
tions were run in triplicate and were performed 
with 40 cycles. The results analysis was carried 
out using the 2-ΔΔCt method. The primers used 
were as follows. FoxM1: 5’-CGT CGG CCA CTG 
ATT CTC AAA-3’ (forward), and 5’-GGC AGG GGA 
TCT CTT AGG TTC-3’ (reverse); MMP-2: 5’-TTC 
TTC GCA GGG AAT GAG-3’ (forward), and 5’-ACG 
ACA GCA TCC AGG TTA T (reverse); MMP-9: 
5’-CTT TGT AGG GTC GGT TCT G-3’ (forward), 
and 5’-GAG TGG ATA GCT CGG TGG-3’ (reverse); 
GAPDH: 5’-GTG AAG GTC GGA GTC AAC G-3’ 
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(forward), and 5’-TGA GGT CAA TGA AGG GGT 
C-3’ (reverse).

Western blot

Cells were washed in PBS before incubation 
with Lysis Buffer (1% Triton X-100, 150 mM 
NaCl, 10 mM Tris, pH 7.4, 1 mM EDTA, 1 mM 
EGTA, pH 8.0, 0.2 mM Na3VO4, 0.2 mM phenyl-
methylsulfonyl fluoride, 0.5% Nonidet P-40) on 
ice for 10 min. The cell lysates were clarified by 
centrifugation at 9,000 g for 15 min and the 
supernatants were collected. Protein concen-
tration was determined with the Coomassie 
Protein Assay reagent using bovine serum albu-
min (BSA) as a standard. Equal amounts of pro-
tein extracts (30 μg) were separated by 12% 
sodium dodecyl suphate (SDS)-polyacrtlamide 
gel electrophoresis (PAGE) and transferred to 
nitrocellulose filter (NC) membranes. The mem-
branes were blocked in 5% non-fatmilk in Tris-
buffered saline containing 0.1% Tween 20 
(TBST) for 2 hours at room temperature and 
probed with primary antibodies overnight at 
4°C. The membranes were washed with TBST 
three times. Then the membranes were incu-
bated with horseradish peroxidase-conjugated 
antibody for 1 hour at room temperature. After 
washed with TBST four times, the membranes 
were detected using ECL and visualized using 
Bio-Rad Laboratories. Western blots shown are 
representative of at least three independent 
experiments. Densitometry of each band for 
the target protein was quantified by densitom-
etry analysis with Labworks 4.6. The protein 
ban intensity was quantified by the mean ± SD 
of three experiments for each group as deter-
mined from densitometry relative to GAPDH 
(1:5000).

Cell proliferation assay

Cell proliferation was detected by a Cell 
Counting Kit-8 assay (Dojindo, Japan) accord-
ing to the protocol of the manufacturer. cells 
were suspended in 1640 medium supplement-
ed with 15% heat-inactivated fatal bovine 
serum and subsequently seeded in 96-well 
plates. After being incubated, the cultures were 
added 10 μl CCK-8 solution to each well and 
incubated at 37°C for another 2 h. Optical den-
sity (OD) value of absorbance at 450 nm was 
measured by Thermo Scientific Fluoroskan 
Ascent FL. The results were plotted as means ± 
SD of three independent experiments having 
three determination per sample for each 
experiment. 

Data analysis

SPSS software version 13.0 for Windows (SPSS 
Inc, IL, USA). Statistical analysis of the data, 
expressed as mean ± SEM, was performed 
using standard one-way analysis of variance 
(ANOVA) or one-way ANOVA for repeated mea-
sures. Statistical significance was set at *P < 
0.05, **P < 0.01.

Results

Expression of FoxM1 and Ezrin in Hca-F/Hca-P 
cells and the ability of proliferation in Hca-F/
Hca-P cells

As showed in Figure 1A, FoxM1 and Ezrin 
expression in mRNA level was detected by qRT-
PCR. The expression of FoxM1 and Ezrin were 
more in Hca-F than Hca-P (P < 0.01). FoxM1 
expression at protein level was detected by 
Western Blot (Figure 1B). The result showed 

Figure 1. The expression of FoxM1 and Ezrin in Hca-F and Hca-P cells. A. qRT-PCR analysis of FoxM1 and Ezrin in 
Hca-F and Hca-P cells. B. Western blot analysis of FoxM1 and Ezrin in Hca-F and Hca-P cells. C. Scatter diagram of 
Hca-F and Hca-P cells proliferation assay using CCK-8 over 96 hours.
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that FoxM1 and Ezrin expressed significantly 
more in Hca-F than Hca-P (P < 0.01). The CCK-8 
cell proliferation test data showed significant 
promotion of cell proliferation in the Hca-F cells 
compared to Hca-P cells (Figure 1C, P < 0.05). 
It indicated that FoxM1 and Ezrin are relevant 
to tumor lymphatic metastasis.

Higher expression of FoxM1 was correlated 
with higher cell proliferation ability and higher 
migration and invasion ability in Hca-P cells

To evaluate the effect of FoxM1 overexpression 
on the migration and invasion ability, we per-
formed qRT-PCR and Western Blot. Data 
showed the mRNA expression of FoxM1, MMP-
2, MMP-9 were highly increased in the over-
FoxM1 Hca-P cells compared to untreated and 
control Hca-P cells (Figure 2A, P < 0.05). The 
protein expression of TIMP-1, TIMP-2 were high-
ly decreased in the over-FoxM1 Hca-P cells 
compared to untreated and control Hca-P cells, 
while the expression of Ezrin was increased in 

the over-FoxM1 Hca-P cells compared to 
untreated and control Hca-P cells (Figure 2B, P 
< 0.05).

To evaluate the effect of the FoxM1 overexpres-
sion on the proliferation potential, we per-
formed CCK-8 cell proliferation test. Data 
showed significant promotion of cell prolifera-
tion in the over-FoxM1 Hca-P cells compared to 
untreated and control Hca-P cells (Figure 2C, P 
< 0.05). 

Lower expression of FoxM1 was correlated 
with higher cell proliferation ability and higher 
migration and invasion ability in Hca-F cells

To evaluate the effect of FoxM1 silencing on the 
migration and invasion ability, we performed 
qRT-PCR and Western Blot. Data showed the 
mRNA expression of FoxM1, MMP-2, MMP-9 
were highly decreased in the sh-FoxM1 Hca-F 
cells compared to untreated and control Hca-F 
cells (Figure 3A, P < 0.05). The protein expres-

Figure 2. The effects of over-expressed FoxM1 on the proliferation, the expression of invasive proteins of Hca-P cells 
in vitro. A. qRT-PCR analysis of FoxM1, MMP-2 and MMP-9 in Hca-P cells. B. Western blot analysis of Ezrin, TIMP-1 
and TIMP-2 in Hca-P cells. C. After over-expressed FoxM1, Scatter diagram of Hca-P cells proliferation assay using 
CCK-8 over 96 hours.

Figure 3. The effects of low-expressed FoxM1 on the proliferation, the expression of invasive proteins of Hca-F cells 
in vitro. A. qRT-PCR analysis of FoxM1, MMP-2 and MMP-9 in Hca-F cells. B. Western blot analysis of Ezrin, TIMP-1 
and TIMP-2 in Hca-F cells. C. After low-expressed FoxM1, Scatter diagram of Hca-F cells proliferation assay using 
CCK-8 over 96 hours.
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sion of TIMP-1, TIMP-2 were highly increased in 
the sh-FoxM1 Hca-F cells compared to untreat-
ed and control Hca-F cells, while the expression 
of Ezrin was decreased in the sh-FoxM1 Hca-F 
cells compared to untreated and control Hca-F 
cells (Figure 3B, P < 0.05).

To evaluate the effect of the FoxM1 silencing on 
the proliferation potential, we performed CCK-8 
cell proliferation test. Data showed significant 
inhibition of cell proliferation in the sh-FoxM1 
Hca-F cells compared to untreated and control 
Hca-F cells (Figure 3C, P < 0.05). 

Discussions

Tumor metastasis is the major cause of tumor 
related death. Hca-F and Hca-P cells are hepa-
tocarcinoma cell lines presenting highly and 
lowly lymph node metastasis separately. We 
studied found the obviously different expres-
sion of FoxM1 between these two cells (Figure 
1). It indicated that FoxM1 was a significant fac-
tor in lymph node metastasis.

Gene expression profiling revealed that elevat-
ed expression of FoxM1 was observed in a mul-
titude of malignancies [32]. It has been report-

Figure 4. Ingenuity Pathway Analysis (IPA) generated connections between FoxM1 and Ezrin. No direct link between 
FoxM1 and Ezrin.
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ed that FoxM1 promotes tumor invasion, migra-
tion and metastasis [33-37]. Furthermore, 
overexpression of FoxM1 correlated with dis-
ease progression and poor prognosis and could 
serve as an independent predictor of poor sur-
vival in various human malignancies [38-41]. In 
all these processes, MMP-2 and MMP-9 are 
thought to play a critical role in tumor invasion, 
migration and metastasis. Among matrix meta-
loproteases (MMPs), a family of zinc dependent 
endopeptidases, MMP-2 and MMP-9 have 
been considered to be critical for tumor growth 
, invasion and metastasis [42, 43]. Cell growth, 
migration and invasion are important process-
es involved in tumor progression. In our stud-
ies, we explored whether FoxM1 contributed to 
cell growth, migration and invasion of Hca-P 
and Hca-F cells in vitro. The results showed 
that overexpression of FoxM1 by transfection 
with over-FoxM1 could promote cell growth, 
invasion and metastasis in Hca-P cells. 
Similarly, we found that depletion FoxM1 by 
transfection with shFoxM1 could suppress cell 
growth, invasion and metastasis in Hca-F cells.

Ezrin, as a membrane-cytoskeleton linker, plays 
a pivotal role in tumor invasion and metastasis 
[44-46]. Ezrin can regulate the assembly of 
cytoskeleton elements to promote cytoskeletal 
reorganization and phenotypic alternation in 
cells, and facilitate cell migration and invasion 
[47, 48]. Overexpression of ezrin has been 
shown to enhance metastatic potential in vari-
ous types of tumors, while downregulation of 
ezrin reduced the expression of β-catenin but 
enhanced the expression of E- cadherin [49, 
50]. 

In this paper, we found the expression of Ezrin 
was increased or decreased as FoxM1 expres-
sion changed. So we thought FoxM1 could regu-
late the expression of Ezrin. We used Ingenuity 
Pathway Analysis (IPA) software and generated 
connections between FoxM1 and Ezrin. As 
showed in Figure 4, FoxM1 could regulate Ezrin 
by SP1, CTNNB1, SUMO2, etc.

In summary, our study is the first to demon-
strate the relationship between FoxM1 and 
Ezrin. FoxM1 could influence tumor growth and 
metastasis.
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